
For the best experience, open this PDF portfolio in
Acrobat 9 or Adobe Reader 9, or later.

Get Adobe Reader Now!

http://www.adobe.com/go/reader




1 


 


 


EVIDENCE REVIEW & ECONOMIC ANALYSIS OF EXCESS 


WINTER DEATHS 


for the National Institute for Health and Care Excellence (NICE) 


 


 


 


Review 1  


Factors determining vulnerability to winter- and cold-


related mortality/morbidity 


 


 


 


London School of Hygiene & Tropical Medicine 


Public Health England 


University College London 


  







2 


 


Glossary 


Excess winter 
death (EWD) 


By convention established by Curwen for the UK,1 the deaths per day in the 
four coldest ‘winter’ months (December, January, February, March for the 
northern hemisphere), minus the deaths per day over other, ‘non-winter’ 
months, all divided by the average deaths per day over the non-winter months 


 
∑                        


   
  


∑                                        


   
∑                                        


   


 


 


Fuel poverty The traditional definition of fuel poverty was said to apply if a household 
needs to spend more than 10% of its income on fuel to maintain a satisfactory 
heating regime (usually 21 degrees for the main living area, and 18 degrees for 
other occupied rooms). 


However, the UK government has recently set out a new definition which it 
intends to adopt under the Low Income High Costs (LIHC) framework.2 Under 
the new definition, a household is said to be in fuel poverty if: 


 Its required fuel costs are above the national median level 


 At that level of expenditure the household would be left with a 
residual income below the official poverty line 


Lag 
(time series 
studies) 


The lag in time series studies refers to the time lag (delay), usually measured in 
days, between exposure and health effect.  This refelects the fact that, for 
example, cold outdoor temperature today may not only affect mortality today 
(lag 0) but also tomorrow (lag 1 day), the day after that (lag 2 days) and so 
forth.  Typically, cold effects on health are observed for periods of two weeks 
or more following the day of cold.  


Socio-economic 
group 


The group to which an individual belongs by virtue of his or her social and 
economic position — usually classified on the basis of occupation.  Groups are 
typically defined to reflect a broad ranking of income and ‘social status’: e.g. 
professional groups; managers; non-manual workers; skilled manual workers; 
semi-skilled workers; and unskilled workers. 


Standard 
Assessment 
Procedure (SAP) 
rating 


An index (measured on a logarithmic scale) that reflects the cost of heating 
unit floor area under a standard heating regime.3   The scale goes from 1 
(highly inefficient) to 100 (highly efficient).   The index depends on the rate of 
heat loss from the dwelling, determined by building fabric, degree of 
insulation, ventilation, and the cost of supplying heat, determined by heating 
efficiency, fuel price, and solar gain.  It is not affected by characteristics of the 
household occupying the dwelling (e.g. household size, heating patterns, 
temperatures). 


Time-series study In the context used in this report, a time series study is one which examines 
the relationship between the occurrence (count) of health events, such as 
deaths, hospital admissions or emergency room attendance, usually measured 
at daily level, and variation in environmental factors measured as similar 
temporal resolution.4 
 
Time-series studies commonly entail analysis of several years of daily health 
event data which are approximately Poisson distributed, overdispersed (i.e. 
where variance is greater than the mean), and positively autocorrelated.  
Analyses of such data in relation to outdoor temperature provide the usual 
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basis for attribution of deaths to heat and cold.  The (time-varying) 
confounding factors for such analyses include season, long term trends, 
outdoor air pollution and periods of influenza.  Population characteristics such 
as age, gender, socio-economic status are best thought of as potential effect-
modifiers and not as confounders. 
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Abbreviations 


A&E Accident and emergency 
AF Atrial fibrillation 
BMI Body Mass Index 
CI Confidence interval (95%) 
CMD Common mental disorder 
COPD Chronic obstructive pulmonary disease 
COLD Chronic obstructive lung disease 
CVD Cardiovascular disease 
DJF December, January, February (UK/northern hemisphere temperate region ’winter’) 
DJFM December, January, February, March: EWD months of winter 
ED Enumeration district 
EHS English Housing Survey 
EHCS English House Condition Survey 
EWD Excess winter death 
F Female 
FEV1 Forced expiratory volume in 1 second (lung function) 
GHQ General Health Questionnaire 
JJA June, July, August (UK/northern hemisphere temperate region ‘summer’) 
HSE Health Survey for England 
ICD International Classification of Diseases (‘ICD-9’: 9th revision, ‘ICD-10’: 10th revision) 
M Male 
MAM March, April, May (UK/northern hemisphere temperate region ‘spring’) 
MTS Mental test score 
OR Odds ratio 
PEFR Peak exploratory flow rate 
PM Particulate matter (air pollutant) 
PICH  Primary intra-cerebral haemorrhage 
QoL Quality of Life 
RH Relative humidity 
Rn Radon 
RR Relative risk 
SAP Standard Assessment Procedure 
SON September, October, November (UK/northern hemisphere temperature region ‘autumn’) 
Tmax Maximum daily temperature 
Tmin Minimum daily temperature 
VOC Volatile organic compound 
w.r.t. with respect to 
YLD Years Lived with Disability 
YLL Years of life lost 
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Executive summary 
 


Background  England has a large winter excess of mortality and morbidity which is generally 


viewed as indicating avoidable vulnerability to the effects of cold weather and other 


winter-related phenomena. However evidence remains limited on the determinants 


of vulnerability particularly in relation to socio-economic factors including fuel 


poverty, and the role of thermally inefficient housing.  This review was undertaken 


to identify populations vulnerable to the consequences of cold temperatures and 


poorly heated or expensive to heat homes, and to identify the factors that 


contribute to vulnerability and how these factors interact. 


Methods A literature search was undertaken in October 2013 on a wide range of databases 


and grey literature sources including, among others, MEDLINE, Social Policy and 


Practice, Social Science Citation Index, HMIC, PsycINFO, Avery Index and ICONDA 


International. The search strategies were developed using a combination of subject 


indexing and free text search terms. Searches were limited to the last twenty years 


(1993-2013) and to English language publications only. Quantitative observational 


studies from OECD countries, excluding intervention studies, were selected for 


inclusion.  Studies were summarized and assessed for quality of evidence by two 


independent assessors, and their results reported by narrative synthesis. 


Results One hundred and thirty nine studies were selected for inclusion.  They were 


heterogeneous in terms of study design, setting and quality of evidence.  They were 


scrutinised for evidence relating to a range of personal and other potential 


vulnerability factors for seasonal- and cold-related mortality/morbidity. The seasonal 


fluctuation in mortality/morbidity and the strength of association with low outdoor 


temperature appears to be greater in England than it is in Scandinavia and selected 


countries of northern continental Europe. Correlation studies suggest that the 


seasonal and cold-related excess of mortality/morbidity is lower in settings that have 


greater protection against low outdoor temperatures because of better thermal 


efficiency standards of housing and the thermal quality of clothing worn by the 


population.  A number of personal vulnerability factors were identified including age.  


Women appear to have slightly greater risk than men. There was insufficient 


evidence to draw conclusions about the effect of ethnicity.  Rural populations appear 


to have no greater risk than urban populations. A wide range of disease outcomes 


show evidence of seasonal variation and to have a relationship with low outdoor 


temperatures, but the evidence is strongest for cardiorespiratory outcomes. The risk 


of slips and falls also shows some degree of seasonal fluctuation, but with more 


modest increases in risk in the elderly population than in working age groups during 


periods of cold or inclement weather. The available evidence suggests a generally 


flat or weak relationship between socio-economic status and risk of winter/cold-


related mortality/morbidity.  There is limited direct and indirect evidence to suggest 


that the thermal efficiency of housing and fuel poverty are important determinants 


of vulnerability. 
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Conclusions The review identified a number of factors that appear to contribute to vulnerability 


to seasonal- and cold-related mortality/morbidity, which can help in the 


development of health protection strategies. The relative flatness of the relationship 


with socio-economic factors, the importance of age, and the wide range of health 


outcomes affected, suggest that the risk of winter- and cold-related 


mortality/morbidity is fairly widely distributed, especially in the elderly population, 


which has bearing on the targeting of interventions.  The evidence of this review 


needs to be interpreted alongside the evidence of subsequent reviews which 


includes evidence on interventions.   
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1 Introduction 
 


1.1 Context 


 
This is the first part of the 2013/14 review for NICE on excess winter death and morbidity.  Its focus 


is on vulnerability to excess winter deaths and morbidity and the health risks associated with cold 


weather and cold homes.  The review examines the current state of the evidence, focusing on 


quantitative epidemiologic studies. 


England has a large seasonal fluctuation in mortality and morbidity, with rates highest during the 


winter months.  Much of this winter excess of mortality/morbidity appears to be related to the 


effects of exposure to low ambient temperatures, which have been shown in the scientific literature 


to be associated with a range of adverse health outcomes.5 6 There are local and national initiatives 


aimed at reducing this burden including through actions targeted at vulnerable population groups 


and through strategies aimed at reducing fuel poverty and housing-related risks. 


The contribution of potential vulnerability factors to excess winter- and cold-related 


mortality/morbidity continue to be debated. Much attention has been drawn to the issue of fuel 


poverty,7 which was subject to the 2012 ‘Hills review’ Getting the measure of fuel poverty.8 Cold 


homes and fuel poverty were also the focus of a 2011 report by the Marmot Review Team, which set 


out the case for action on housing to help alleviate the burdens of winter and cold-related illness 


and mortality.  Action to improve energy efficiency in the housing sector is also an objective to meet 


climate change mitigation targets. 


However, the evidence about many potential determinants remains inconclusive.  Although there is 


strengthening evidence about a range of housing and behavioural factors, the importance of socio-


economic status has been unclear, for example.9 10  


1.2 Aim 


 
To identify at risk populations vulnerable to the consequences of cold temperatures and poorly 


heated or expensive to heat homes. 


1.3 Research questions 


 
The review represents an analysis of epidemiological data which highlights i) the intrinsic and 
extrinsic characteristics of populations at risk of excess winter deaths and related health 
consequences and ii), how these characteristics interact with each other. 


Specific questions 


 Which subpopulations are more vulnerable to cold temperatures and poorly heated or 
expensive-to-heat homes? 







10 


 


 What factors contribute to vulnerability and how do these factors interact with each other? 


We interpreted these questions as needing to identify and quantify the contribution of factors that 
explain variations in seasonal and/or specific cold-related health burdens, including those of snow 
and ice, with respect to person, time or place.  This included specific interest in the potential 
variations by (modifying effects of) time-period, age, sex, gender, ethnicity, illness, socio-economic 
deprivation/fuel poverty, and housing quality. 
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2 Methods 
 


Literature searches were undertaken to identify studies primarily about excess winter deaths. The 


searches were also designed to identify studies about seasonal morbidity, fuel poverty, cold housing, 


energy efficient housing, winter related accidents and health forecasting.  


The literature search involved searching a wide range of databases in October 2013 and grey 


literature resources. The search strategies were developed using a combination of subject indexing 


and free text search terms. Search terms were identified through discussion between the research 


team, by scanning background literature and ‘key articles’ already known to the research team, and 


by browsing database thesauri. The searches were limited to the last twenty years (1993-2013) and 


to English language publications only.  


The following databases and resources were searched:  


 MEDLINE and MEDLINE In-Process 


 EMBASE 


 Social Policy & Practice 


 Science Citation Index (SCI) 


 Social Science Citation Index (SSCI) 


 Conference Proceedings Citation Index- Science (CPCI-S) 


 Conference Proceedings Citation Index- Social Science & Humanities (CPCI-SSH) 


 Health Management Information Consortium (HMIC) 


 PsycINFO 


 Cochrane Database of Systematic Reviews (CDSR) 


 Database of Abstracts of Reviews of Effects (DARE) 


 Cochrane Central Register of Controlled Trials (CENTRAL) 


 Health Technology Assessment (HTA) database 


 NHS Economic Evaluation Database (NHS EED) 


 EconLit 


 CEA (Cost-Effectiveness Analysis) Registry 


 RePEc: Research papers in Economics 


 Campbell Library 


 Trials Register of Promoting Health Interventions (TRoPHI) 


 Database of Promoting Health Effectiveness Reviews (DoPHER) 


 Scopus 


 Avery Index 


 ICONDA International 


 PsycEXTRA 


 NICE Evidence 


 OpenGrey 


 RIBA Catalogue (Royal Institute of British Architects) 


 NYAM Grey Literature Report (New York Academy of Medicine) 
 


Details of the MEDLINE and other database search strategies and their results are given in Appendix 


2. 
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As a number of databases were searched, some degree of duplication resulted.  The titles and 


abstracts of bibliographic records were downloaded and imported into EndNote bibliographic 


management software to allow removal of duplicate records and subsequent processing. 


In addition, searches were made of selected relevant websites including:  


• http://www.eagacharitabletrust.org/ (EAGA Charitable Trust) 


• http://www.euro.who.int/en/health-topics/environment-and-health/Housing-and-health 


(The World Health Organization Regional Office for Europe) 


• http://www.energysavingtrust.org.uk/ (The Energy Saving Trust) 


• http://www.cse.org.uk/ (The Centre for Sustainable Energy) 


Inclusion/exclusion criteria for review  
 
Inclusion 


- Quantitative primary research papers reporting evidence on factors relating to vulnerability to 
winter or cold-related mortality/morbidity (including the effects of snow and ice) 


- Studies of populations in countries which are members of the Organization of Economic 
Cooperation and Development (OECD) 


- Publication year 1993 onwards 
- English language 


 
Exclusion 


- Studies reporting only seasonal variation in health or cold-related impacts without additional 
reference to vulnerability factors 


- Intervention studies (evidence of interventions studies will be reported in subsequent 
reviews) 


- Qualitative studies (qualitative evidence relating to interventions will be reported in 
subsequent reviews) 


- Studies of seasonal influenza (except with respect to its contribution to excess winter death) 
- Studies published as conference abstracts only (without fuller paper or extended abstract) 


 
 
 
  



http://www.eagacharitabletrust.org/

http://www.euro.who.int/en/health-topics/environment-and-health/Housing-and-health

http://www.energysavingtrust.org.uk/

http://www.cse.org.uk/
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Flow chart of number of studies identified from different sources and numbers excluded at different 
stages of process and reasons for exclusion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Quality appraisal processes including consistency checking within and between appraisers, 
moderation at data extraction and analysis stages 
 
Quality appraisal was made using the criteria and process for assessing quantitative observational 
studies and qualitative studies as outlined in the Methods for the development of NICE public 
health guidance (third edition) Sept 2012. See Appendix 6.   


All evidence summaries were extracted by one reviewer and agreed/supplemented by the second 
reviewer.  There was generally good agreement between reviewers. 


Various studies did not contain results that could be expressed as relative risks or equivalent, and 
published data in some cases did not allow the extraction or calculation of confidence intervals.  
Key statistics were reproduced in the most appropriate form to represent the original data. 


16,143 
unique studies after removal of 


duplicates 


594 relevant by title 


149 
selection for review 


139 
final selection 


15549 exclusions after 


selection by title 


449 exclusions after 


review of abstracts 


10 exclusions after review 


of full papers 


26,641  
studies identified 


10,498 duplicate studies 


Four additional papers 


from hand search 
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Criteria for applicability. 
 
Studies were included if they contained data relevant to effect modification of any seasonal or cold-
related exposure-response function or of risk falls/injuries on snow or ice – i.e. they include at least 
two sets of risk functions for different groups/characteristics.  There was no restriction in terms of 
health outcome or study design (except for the exclusion of intervention and qualitative study 
designs.) 


Studies which reported seasonal fluctuations or temperature-response functions without evidence 
relevant to effect modification (e.g. no subgroups by age or results classified by an ecological socio-
economic parameter etc) were not included.  Nor were studies included that reported data on 
physiological parameters only.  There are many such papers, and a very restrictive definition was 
applied to achieve a clearer focus and keep the overall number of papers manageable. 


We selected papers from countries in the Organization of Economic Cooperation and Development, 
but also including Taiwan as a high income country.  In addition, we did not include evidence 
derived from intervention studies, including from ‘natural experiments,’ which is separately 
considered in subsequent reviews. 


 


Methods of synthesis and data presentation. 
 
The selected literature is extremely heterogeneous and unsuitable for summary using formal meta-


analytical methods. Instead, we summarize the studies using narrative summary.  In addition the 


direction of associations for a range of potential vulnerabilities are summarized in Table 1 using a set 


of headings that indicate different potential vulnerability factors, including personal factors (age, 


sex, ethnicity), different disease outcomes, socio-demographic factors (urban/rural, deprivation) and 


factors relating to housing and fuel poverty. In this table the arrows indicate the direction of effect 


for each particular risk factor. For example, under the ‘age’ heading, an ‘up-arrow’ (↑) indicates 


increasing winter-/cold-related risk at older age, a ‘down-arrow’ (↓) decreasing risk at older age and 


a double headed horizontal arrow (↔) evidence of no appreciable change in risk with age. Where 


an arrow is enclosed in brackets, it signifies mixed evidence or a statistically insignificant result or 


one that is suggestive only. 
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3 Findings 
 


Many studies contribute evidence relevant to a number of potential vulnerability factors and the 


following text considers different factors in turn. In cases where there are multiple studies relevant 


to the particular factor, the most important and relevant will be briefly described, and the other 


studies listed with brief commentary on the degree to which they support overall conclusions. 


Table 1 below lists all the included studies by year of publication, with the quality ratings and an 


indication of the evidence they include using arrows to give a broad indication of the main reported 


associations in each case. Many studies contribute evidence in relation to more than one 


vulnerability factor. More detailed summaries of these papers are given in Apendix 5.  


The evidence is summarized with regard to variations between populations, trends over time, 


personal vulnerability factors (age, gender, ethnicity), cause-of-death/morbidity, socio-demographic 


factors, and housing anf fuel poverty.  
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Table 1.  Qualitative summary of evidence.  Papers are ordered by year of publication (most recent first) and then alphabetical.   
Arrows indicate the direction of effect for each particular risk factor: an ‘up-arrow’ (↑) indicates increasing winter-/cold-related risk with increasing levels of the 
explanatory factor, a ‘down-arrow’ (↓) decreasing risk and a double headed horizontal arrow (↔) evidence of no appreciable change in risk. Where an arrow is enclosed 
in brackets, it signifies mixed evidence or a statistically insignificant result or one that is suggestive only.  For variables without order, a plus sign (+) indicates evidence of 
variation across groups.  Yellow highlighting is to aid readability only and has no interpretational signficance. 
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112:218-24 


24
 ++ ++ 


USA 
        


↑ 
 


↑ 
          


Hales et al. JECH 2012; 
66:379-84  


25
 + + 


NZ 
   


↑ ↔ ↔ ↓ 
       


↑ 
  


↑ 
   


Hori et al. Int J Environ 
Hlth Res 2012; 
22(5):416-430  


26
 ++ + 


ESP 
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Miron et al. Int J 
Biometeorol 2012; 
56(1):145-52  


27
 + + 


ESP ↓ 
             


(↓) 
      


Modarres R et al. Bone 
2012;50(4):909-16  


20
 + + 


CAN 
           


↑ 
         


Morabito M. Sci Total 
Environ 2012; 441:28-
40 


28
   


ITA 
   


↑ 
                 


Morency P et al. Can J 
Publ Hlth 2012; 
103(3):218-22  


29
 + + 


CAN 
           


↑ 
         


Office for National 
Statistics. 2012  


30
 + + 


E&W ↓ () 
 


↑ ↑ 
   


↑ 
 


↑ 
  


↑ 
       


Phu Pin S. J Am Med Dir 
Assoc 2012; 
13(3):309.e1-7 


31
 + - 


FRA 
   


↑ 
              


↑ 
  


Turner LR et al. BMJ 
Open 2012; 2(4) 


32
 ++ ++ 


AUS 
        


↑ 
 


↑ 
          


von Klot S et al. Environ 
Health 2012; 11:74 


33
 ++ + 


USA () 
                    


Wichmann J et al. 
Environ Health 2012; 
11:19 


34
 ++ ++ 


DNK 
   


↓ ↓ 
   


↑ 
     


↓ 
      


2011     
                     


Beynon C et al. Environ 
Health 2011; 10(1):60 


35
 + + 


ENG 
           


↑ 
        


↑ 


Gallerani M et al. Clin 
Cardiol 2011; 34(6):389 


36
 - - 


ITA 
   


↔ ↔ 
   


↑ 
            


Morabito M et al. 
Stroke 2011; 42(3):593-
600 


37
 + + 


ITA 
   


(↑) 
     


↑ 
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Magalhaes R 
Cerebrovasc Dis 2011; 
32(6):542-51 


38
 ++ ++ 


POR 
         


↑ 
           


Murray IR et al. Injury 
2011; 42(7):687-90  


39
 + + 


SCO 
           


↑ 
        


↑ 


Nielsen J et al. BMC 
Infect Dis 2011; 11:350 


40
 ++ ++ 


DEN 
                     


Office for National 
Statistics. 2011 


41
 + + 


E&W ↓ () 
 


↑ ↑ 
   


↑ 
 


↑ 
  


↑ 
       


Parsons N et al. Emerg 
Med J 2011; 
28(10):851-5 


42
 + ++ 


UK 
           


↑ 
        


+ 


Rocklov J et al. OEM 
2011; 68(7):531-6 


43
 ++ + 


SWE 
        


↑ 
 


↔ 
          


Turner RM et al. 
Osteoporos Intl 2011; 
22(4):1183-9 


44
 + + 


AUS 
           


↑ 
         


Wu PC et al. OEM 2011; 
68(7): 525-30 


45
 + + 


TAW 
   


↑ 
  


↑ 
 


↑ 
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2010     
                     


Barnett AG et al. 
Environ Res 2010; 
110(6):604-11 


46
 ++ ++ 


USA 
                     


Bayentin L et al. Int J 
Health Geogr 2010; 
9:5 


47
 + + 


CAN 
        


↑ 
     


↑ 
      


Bhaskaran K et al. 
BMJ 2010; 341:c3823 


48
 ++ ++ 


E&W 
   


↑ 
   


↑ ↑ 
            


Chen VY et al. Sci 
Total Environ 2010; 
408(9):2042-9 


49
 + - 


TAW 
      


↑ 
 


↑ 
     


↑ 
      


Gomez-Acebo I et al. 
Publ Health 2010; 
124:398-403 


50
 + + 


ESP 
   


↔ 
                 


Harris J et al.  
NatCen/EAGA 
Charitable Trust; 2010 


51
 ++ ++ 


ENG 
        


↔ 
   


↑ 
   


↑ 
    


Iniguez et al. Int J Env 
Res Publ Hlth 2010; 
7:3196-10 


52
 + + 


ESP 
  


↑ 
     


↑ 
 


↑ 
          


Montero et al. Sci 
Total Environ 2010; 
408:5768-74 


53
 ++ + 


ESP 
                     


Rau R et al. Princeton 
University 2010  


54
 + + 


USA 
              


↔ 
      


2009     
                     


Abrignani MG et al. 
Int J Cardiol 2009; 
137(2):123-9 
 


55
 - - 


ITA 
   


↑ ↑ 
   


↑ 
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Anderson & Bell. 
Epidemiology 2009; 
20(2):205-213 


56
 ++ ++ 


USA 
  


↑ 
  


(↑ ↔ 
       


(↔
)       


Bryden C et al. Respir 
Med 2009; 
103(4):558-6 


57
 + + 


ENG 
          


↑ 
          


Croxford B. Oxford: 
Routledge, 2009; 142-
54 


58
 +/ +/- 


EUR 
          


↑ 
 


↑ ↑ 
  


↑ 
    


Ekamper P et al. 
Demogr Res 2009; 
21:385-425 


59
 + + 


NRL ↓ 
  


↑ 
                 


Fearn V & Carter J. 
Health Stat 2009; 
44:69-79 


60
 + + 


E&W 
                     


Kysely J et al. BMC 
Public Health 2009; 
9:19 


61
 + + 


CZR 
   


↓ 
(↔


)    
↑ 


            


Makinen TM et al. 
Respir Med 2009; 
103(3):456-62 


62
 + + 


FIN 
          


↑ 
          


Tenias JM et al. Bone 
2009; 45(4):794-8 


63
 + + 


ESP 
           


↑ 
         


Yang TC et al. Sci 
Total Environ 2009; 
407(10):3421-4  


64
 - - 


TAW 
  


↑ 
     


↑ 
            


2008     
                     


Analitis A et al. AJE 
2008; 168(12):1397-
1408 
 


65
 ++ +/+


+ 
EUR 


  
↑ ↑ 


    
↑ ↑ ↑ 
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Barnes M et al. 
NatCen/EAGA/Shelter
, 2008 


66
 + + 


ENG 
          


↑ 
 


↑ 
   


↑ 
    


Brock A. Health Stat 
2008; 40:66-76 


67
 + + 


E&W 
                     


Jimenez-Conde et al. 
Cerebrovsc Dis 2008; 
26:348-54 


68
 + + 


ESP 
         


↑ 
           


Jordan RE et al.  Br J 
Gen Pract 2008; 
58(551):400-2  


69
 ++ ++ 


ENG 
          


↑ 
   


↔ 
    


↑ 
 


Osman LM et al. Eur J 
Publ Hlth 2008; 
18:399-405  


70
 + + 


  
          


↑ 
     


↑ 
    


Rocklov, Forsberg. 
Scand J Publ Hlth 
2008; 36:516-23 


71
 ++ ++ 


SWE 
   


↑ 
    


↑ 
 


↑ 
          


2007     
                     


Bischoff-Ferrari et al. 
Osteop Intl 2007; 
18:1225-33 


72
 ++ ++ 


USA 
  


↑ ↓ 
       


↑ 
         


Davie GS, et al. BMC 
Public Health 2007; 
7:263 


73
 + + 


NZ ↔ ↔ 
  


↑ ↔ 
  


↑ 
 


↑ 
   


↔ 
      


Hajat S et al.  OEM 
2007; 64(2):93-100 


74
 ++ ++ 


E&W 
 


+ 
 


↑ ↔ 
   


↑ 
 


↑ 
  


↑ ↑ 
   


↑ 
  


Medina-Ramon & 
Schwartz. OEM 2007; 
64(12): 827-33 
 
 


75
 ++ ++ 


USA 
  


↔ 
     


↑ 
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Morris C. NISRA  
2007; Occasional 
Paper 25 


76
 + ++ 


NI ↓ 
     


(↑) 
 


↑ 
 


↑ 
    


(↑) (↑) 
    


Myint PK et al. 
Neuroepidemiol 2007; 
28(2):79-85 


77
 + ++ 


ENG 
   


↑ 
     


↑ 
           


2006     
                     


Carson C et al. AJE 
2006; 164(1):77-84 


78
 + ++ 


ENG ↓ 
       


↑ 
 


↑ 
  


↑ 
       


Diaz J et al. Intl J 
Biometeorol 2006; 
50(6) 342-8  


79
 ++ + 


ESP 
    


↑ 
        


↑ 
       


Frank DA et al. 
Pediatrics 2006; 
118(5): e1293-1302 


80
 + + 


USA 
               


↑ 
     


Gerber Y, et al. JACC 
2006; 48(2):287-92 


81
 + + 


USA 
       


↓ ↑ 
            


Medina-Ramon et al. 
EHP 2006; 114:1331-6 


82
 ++ + 


USA 
   


(↑) ↔ ↔ 
 


↔ ↑ ↔ ↔ 
          


Misailidou M et al. 
Eur J Card Prev Rehb 
2006; 13:846-8 


83
 + + 


GRE 
   


↑ ↔ 
   


↑ 
            


Morabito M et al. 
Environ Res 2006; 
102(1):52-60 


84
 + + 


ITA 
  


(↑) 
                  


Reinikainen et al. 
Acta Anaes Scand 
2006; 50:706-11 


85
 ++ + 


FIN 
          


↑ 
  


↑ 
       


Southern DA et al. 
Can J Cardiol 2006; 
22(1):59-61 


86
 + +/- 


CAN 
        


(↑) 
           


(↑) 
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Wang H et al. J Med 
Sci 2006; 55(2): 45-51 


87
 + + 


JPN 
        


↑ 
           


(↑) 


2005     
                     


Barnett et al. JECH 
2005; 59:551-7 


88
 + + 


INT 
  


↑ 
 


↑ 
  


↔ ↑ 
            


Basu R, et al. 
Epidemiology 2005; 
16(1):58-66 


89
 + + 


USA 
        


↔ 
            


Cagle, Hubbard. Ann 
Hum Biol. 2005; 
32(4):525-37 


90
 + + 


USA 
        


↑ 
            


Carder M et al. OEM 
2005; 62(10):702-10  


91
 ++ ++ 


SCO 
   


↑ 
    


↑ 
 


↑ 
  


↑ 
       


Diaz J et al. Int J 
Biometeorol 2005; 
49(3):179-83 


92
 + + 


ESP 
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Specific vulnerability factors 
 


 (1) Variations between populations/countries 


 


The fact that England has a substantial seasonal fluctuation in mortality with a peak in winter is well 


established and is the primary motivation for the review in this topic area.  The numbers based on 


the simple Excess Winter Death (EWD) index have been regularly reported by the Office for National 


Statistics (see for example the reports of 201230 and 201141). Studies that report variations in winter 


or cold-related mortality/morbidity within or between countries help to inform the question of the 


determinants of excess winter death. Those that include data for England (UK) as well as other 


countries provide more direct evidence on the degree to which the English population is more 


vulnerable to the effects of winter/low temperatures than populations in neighbouring areas of 


continental Europe and particularly Scandinavia. 


A range of studies provide evidence relevant to these questions.  They include studies of two 


country comparisons -- of England & Wales vs Norway (Lake and Sverre 1996,144 quality rating  


+/+) and of Ireland vs Norway (Clinch and Healy 2000,126 rating -/+) as well as multi-country  


comparisons within the European region (Healy 2003,107 +/+; the Eurowinter Group 1997,142 +/+, and 


Keatinge et al 2000,128 (+/+). Time-series studies that quantify the relationship of mortality or 


morbidity with outdoor temperature have compared the relationships in cities or regions within 


countries.  These include a study of cities of Spain (Iniguez et al 2010,52 +/+) and of the United States 


(Curriero et al 2002,114
 ++/++;  Braga et al 2002,112 ++/++;  Medina-Ramon and Schwartz 2007,75 


++/++; Anderson and Bell 2009,56 ++/++) as well as across Europe (Analitis et al 2008,65 rating ++/++)  


and worldwide (Barnett et al 2005, +/+).88 


Early studies raised hypotheses about the contrasting differences in the burden of winter-related 


mortality in different settings, but provided only limited and indirect, ecological evidence relevant to 


the explanations for those differences.  A 1996 study by Laaki and Sverre,144  showed that the excess 


winter mortality (defined for the four months of December to March) in England and Wales was 


markedly higher than in Norway, and that the relative excess showed a steeper correlation with 


monthly temperature in the four winter months, while the relationship between excess winter 


mortality and influenza was similar in the two populations. Though not based on modern time-series 


methods, this study suggested a smaller vulnerability to temperature in Norway despite otherwise 


broadly similar populations in England and Wales and Norway. The authors did not offer likely causal 


explanations for the greater winter mortality in England & Wales. A year 2000 study by Clinch and 


Healy comparing Ireland and Norway,126  pointed to the similarity of the two populations in terms of 


similar crude and proportionate mortality rates for cardiovascular and respiratory disease, but a 


much greater relative excess winter mortality for these two cause-of-death groups in Ireland.  They 


hypothesized poor housing standards in Ireland as a possible important contributory factor.  This 


hypothesis was further developed by an ecological analysis by Healy in 2003,107 who compared the 


coefficients of seasonal variation in mortality (CSVM, a variant of the excess winter death index) 
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across 14 countries of the European Union (EU-14). The CSVM, 1988-97, in the EU-14 was highest in 


countries to the west and south of Europe with milder winters – Portugal, Spain, Ireland, the UK, 


Greece – and lowest in Finland, Germany, the Netherlands, Denmark and Luxembourg with 


comparatively harsher winters (Table 2). 


 


Table 2. Coefficient of seasonal variation in mortality (CSVM) and 95% confidence intervals in EU-14, 1988-97. 
Data from Healy.


107
 


Country Seasonal variation in mortality (95% CI) 


Austria  0.14 (0.12 to 0.16) 
Belgium  0.13 (0.09 to 0.17) 
Denmark  0.12 (0.10 to 0.14) 
Finland  0.10 (0.07 to 0.13) 
France  0.13 (0.11 to 0.15) 
Germany  0.11 (0.09 to 0.13) 
Greece  0.18 (0.15 to 0.21) 
Ireland  0.21 (0.18 to 0.24) 
Italy  0.16 (0.14 to 0.18) 
Luxembourg  0.12 (0.08 to 0.16) 
Netherlands  0.11 (0.09 to 0.13) 
Portugal  0.28 (0.25 to 0.31) 
Spain  0.21 (0.19 to 0.23) 
UK  0.18 (0.16 to 0.20) 
Mean  0.16 (0.14 to 0.18) 


 


Through cross-country comparisons, Healy also noted that the thermal efficiency standards in 


housing were poorer in countries demonstrating the highest excess winter death (Portugal, Greece, 


Ireland, the UK).  Socioeconomic indicators of wellbeing (poverty, income inequality, deprivation, 


and fuel poverty) were also associated with cross country levels of excess winter mortality.107 


Earlier work by the Eurowinter Group (1997)142 (rating +/+) assessed the question of the degree to 


which the increase in deaths per day per 1°C fall in temperature below 18°C varied across Europe. 


They found that the percentage increase in all-course mortality for each 1°C fall in temperature was 


greater in the warmer regions than in colder regions (e.g. Athens 2.15% (95% CI 1.20, 3.10) versus 


South Finland 0.27% (95% CI 0.15, 0 .40%)). Moreover, for an equivalent outdoor temperature (7°C) 


the mean living room temperature was somewhat lower in Athens (19.2°C) than in South Finland 


(21.7°C). People in cooler climates were also likely to protect themselves more against the cold with 


appropriate clothing. The conclusion of the Eurowinter Group was that mortality increases to a 


greater extent with a given fall in temperature in regions with warmer winters, and that populations 


in such regions (including the UK) have cooler homes at a given low outdoor temperature and are 


likely to wear less thermally protective clothing than those from cooler climates.  This argument was 


further developed in Keatinge et al 2000,128 which showed that for those aged 65-74, high levels of 


protection against indoor and outdoor cold at given outdoor temperatures were found mainly in 


countries with cold winters, and were associated with low levels of excess mortality at a given level 


of outdoor cold. The authors concluded that ‘regions such as London that had poor protection 


against cold and/or high baseline mortalities had higher levels of winter excess mortality than 


expected for the coldness of their winters.’128 
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More recent comparisons using more sophisticated time series methods with appropriate control for 


season and distributed lag models have been made as part of the PHEWE project.  Analitis et al 


2008,65 compared the effects of cold weather on mortality in 15 European cities from the North to 


South of Europe including (among others) London and Dublin, Helsinki and Stockholm in the North 


and Athens, Barcelona and Valencia in the South. They found clear evidence that a decrease in 


temperature was associated with an increase in total natural deaths, and in deaths from 


cardiovascular, respiratory and cerebro-vascular causes. (The meta-analytic results suggested largely 


monotonic increases in risk as apparent temperature fell without clear evidence of a threshold.) As 


Keatinge had found, there was evidence that the increase in risk per degree Celsius fall in 


temperature was greater in the warmer (Southern) cities. The exposure-response relationship in 


London (the only city representing England) was near to the middle of the distribution across the 15 


cities, though point estimates for Helsinki and Stockholm were lower. 


A similar conclusion was reached by Barnett et al (2005)88 in relation to cold periods and coronary 


events based on an analysis of data from 21 countries using the World Health Organisation’s 


MONICA data for 1980 to 1995. Coronary event rates increased more in populations living in warmer 


climates than populations living in cold climates, where the increases were relatively slight. 


Other studies have compared variations across cities within individual countries. Iniguez et al 


(2010)52 examined the temperature-mortality association in 13 Spanish cities from across a wide 


range of climatic and socio-demographic conditions. Most cities showed a V-shaped temperature-


mortality relationship, with the minimum mortality temperature (the vertex of the V) at generally 


higher temperatures in cities with warmer climates.  Again, the cold effects were also greater in 


cities with warmer climates but lesser in cities with higher temperature variability.   Similarly, 


Curriero et al (2002)114 analysed the temperature-mortality association for 11 large eastern US cities, 


1973-1994, using log-linear regression analysis for time-series data and found clear cold 


temperature-mortality relationships  which varied with latitude, with a greater effect of colder 


temperatures on mortality risk in more southern (warmer) cities.  Also in the United States, a 2007 


study by Medina-Ramón and Schwartz75 analysed patterns of mortality in 50 cities in relation to 


extremes of cold defined in percentile terms, and found them to be fairly homogeneous across cities 


with different climates (though heat effects were more heterogeneous).  Braga et al 2002,112 


showeed that greater variance of winter temperature was associated with larger effects for cold 


days on respiratory deaths. Another US study (Anderson and Bell 200956) found a degree of 


heterogeneity in effects from city to city that suggests that weather-mortality relationships from one 


community may not be applicable in another, but they also concluded that there is evidence of 


acclimatization to local climatic conditions (because of the smaller spatial variations of temperature 


effect in relation to relative temperature (percentiles) compared with absolute temperature). 


Taken together, the evidence of these studies is that in a European context at least there are 


variations in the excess winter death index (EWDI) and in the steepness of the exposure-response 


relationships for cold that suggest greater cold temperature-mortality impact in populations with 


generally milder winter climates, including the UK, which inversely correlate with various measures 


of adaptation to low temperatures in terms of housing and clothing. However, it is worth noting the 


following in relation to the interpretation of this comparative evidence:  
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(i) The EWDI is a useful but relatively simple measure of winter harm that does not take account 


of the different temperature distributions in different climatic settings. Thus, while in England, 


the coldest months of winter are mostly concentrated in the months of December to March, 


the cold periods are more prolonged in Scandinavia which may somewhat dilute the relative 


excess for those same ‘winter’ months. 


(ii) The steepness of the exposure-response relationship for cold reflects only one aspect of the 


impact of cold, and does not take account of the distribution of temperatures which vary from 


setting to setting. This is relevant for two reasons. Firstly, a given (absolute) temperature may 


be at very different percentile points on the distribution of temperatures for different 


populations.  This prompts some researchers to study exposure-response relationships using 


temperatures defined in relative (percentile) rather than absolute terms (as Medina-Ramón 


and Schwartz did). Thus, what may be a relatively extreme low temperature for England is 


likely to be much less exceptional for Scandinavian and other countries with harsher winters. 


Secondly, even if the exposure-response relationship is shallower in settings with colder 


climates, the fact that such settings have more cold days and greater extremes of cold, will 


tend to increase their overall cold-attributable burden of mortality compared to areas with 


milder temperatures. (Recall that the cold attributable burden is the product both of the risk 


at given levels of low temperature and the frequency with which those low temperatures 


occur, so many days of low temperature will increase the total attributable burden.) 


Within England and Wales, analyses of routine data by the Office for National Statistics (2012, 2011) 


show that there are region to region variations in excess winter deaths, but no clear patterns of 


geographical trends. 30 41 Analysis of data by region of England for the 2013 Evaluation of England’s 


Cold Weather Plan (CWP), shows relatively subtle variations in thresholds and exposure-response 


functions for different regions.16  


Table 3. Percentage change in deaths for every 1°C decrease in temperature below the ‘cold threshold’.  Data 
from Hajat et al 2013.


16
  


Region: 
 


Threshold 
(°C) 


% change in deaths (95% CI) 


North East 6 3.99 (2.74, 5.23) 
North West 5 2.82 (2.04, 3.61) 
Yorkshire & Humberside 5 4.22 (3.15, 5.31) 
East Midlands 7 4.11 (3.16, 5.07) 
West Midlands  7 4.38 (3.43, 5.34) 
East England 4 5.39 (4.43, 6.35) 
London 5 3.96 (3.21, 4.71) 
South East 5 2.66 (1.98, 3.34) 
South West 8 3.35 (2.43, 4.28) 


 


ES1.1 Summary evidence statement -- variations between populations and countries 


15 studies provide strong evidence relating to the overall relationship between temperature and 


excess winter deaths in various countries and show a link between winter temperatures and the 


difference between summer and winter temperatures. There is strong evidence from six studies (-/+ 


(126), +/+ (107 144  88  142) one ++/++ 65) showing a relatively higher rate of EWD in countries with milder 


winters than in those with colder winters. The role of housing standards (107) and appropriate 
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clothing (142) is hypothesized as being important by some. This is supported by moderate evidence 


from three studies looking at variations within countries (+/+ 52, ++/++ 114  75). Two (from Spain,52 and 


the US114) found that effects of cold were greater in cities with warmer climates (52 114) but lesser in 


cities with higher temperature variability (52). Medina-Ramon (75) found that the effect of extreme 


cold (defined as a percentile) was homogeneous across cities with different climates, suggesting that 


only the unusualness of the cold temperature (and not its absolute value) had a substantial impact 


on mortality.  Three studies (+/+ 30, 41, and ++/++ 74) looked at differences between regions within 


England and Wales.  Two 30, 41, found no clear patterns of geographical trends and one74  found 


relatively subtle variations in thresholds and exposure functions for different regions.  


This evidence includes comparisons within England and Wales and between England and other 


countries as well as comparisons between non UK countries. As a result it is considered to be 


applicable to the UK. 


(2) Trends in vulnerability to excess winter death over time 


 


Evidence on the change in excess winter deaths for England and Wales, 1950/51–2011/12, by year 


and five-year central moving average, has been published by the Office for National Statistics (2012, 


rating +/+).30  The data show a progressive decline, albeit with some fluctuation, since the early 


1950s, when the annual winter excess was around 70,000 deaths, to an annual average of 26,400 


excess winter deaths each year between 2000/01 and 2011/12.30  The data suggest some degree of 


levelling off in the decline over the last decade or so. 


A decline over time was also reported by Maheswaran et  al (2004, rating +/+)102 who analysed the 


pattern of excess winter mortality, 1981 to 1999, and emergency hospital admissions in the South 


Yorkshire Coalfields Health Action Zone: the excess winter mortality ratios decreased significantly 


over the 18-year period for cardiovascular disease and for all other causes.102  In Scotland, Gemmell 


and colleagues (2000,127 rating +/+) reported a fall in seasonal variation in mortality from around 


38% in 1981-1983 to around 26% in 1991-1993.  Although there was no clear evidence of a 


relationship between socioeconomic status and seasonal mortality, the extent of the fall in seasonal 


variation was greater in deprived areas than in affluent areas.127 


A study by Carson and colleagues (2006,78 rating +/+) suggests that the decline in excess winter 


deaths in London, and specifically of cold-related deaths, has occurred across the 20th century.  This 


decline has occurred against a background of an ageing population but progressive socio-economic 


improvement, a small rise in average winter temperatures, and appreciable changes in health and 


health care, especially for key temperature-sensitive (cardio-respiratory) diseases.  


The long-term decline in excess winter deaths seen in England has also been observed in other 


settings, though the evidence is somewhat mixed.  Miron and colleagues (2012,27 rating +/+) 


analysed the  effects of cold on mortality in Castile-La Mancha, 1975 to 2003, and found that while 


there was no clear trend in cold-related mortality thresholds, there was evidence of a reduction in 


the lagged effects of cold on mortality, which the authors attributable to improvement in socio-


economic conditions over the study period.27 
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A 150 year study of temperature-related excess mortality in the Dutch population by Ekamper et al 


2009,59 (rating +/+) identified a decline in cold effects in infants from about 1930, but an increasing 


cold effect in the 75+ group (details not shown) and no clear upward or downward trend over time 


in cold effects overall.  Similarly a study of excess winter mortality in New Zealand (Davie 2007, 


rating +/+) over the relatively short period, 1980-2000, provided no clear evidence of decline in 


risk.73 


Thus, there appears to have been a progressive and substantial decline in winter death and 


vulnerability to cold in England (UK), which has been seen in some other populations.  But the 


evidence does not allow clear understanding of the reason for the decline other than that it has 


occurred alongside fairly major socio-economic and lifestyle changes, including in housing quality. 


 


ES1.2 Summary evidence statement – time trends 


Seven studies examine time trends in excess winter deaths, 4 (all +) in the UK30 102 127 78 and 3 (all +) 


internationally.27 59 73 These studies provide strong evidence of a reduction in excess winter deaths in 


the countries of the UK when looked at: across England and Wales,30 within the South Yorkshire 


Coalfields HAZ,102 in Scotland127 and in London.78 International evidence is more mixed, with 1 + 


study from Spain27  showing a reduction in the lagged effects of cold on mortality, 1 + from the 


Netherlands59  showing a decline in cold effects in infants but an increase in effects on 75+ age 


groups and 1 + from New Zealand73 providing no clear evidence of a decline. 


 


(3) Personal vulnerability factors 


 


Age 


There have been many studies on the relationship between winter- and cold-related mortality and 


age.  Most studies of seasonal patterns and time-series studies of temperature effects have reported 


results by age-subgroups.  Among the studies selected for this review, such evidence has been 


reported in studies from England,16 18 77 102 122 124 England and Wales,30 41 48 16 Scotland,91 117 the UK 


(Britain),104 118 Ireland,100 the Czech Republic,61 Denmark,34 France,31 Greece,83 103 Italy,13 28 36 37 55 the 


Netherlands,59 120 Norway,144 Spain,15 50  92 136 Sweden,71 137 and Europe,65 as well as studies from 


Japan,11 South Korea,108  Taiwan,22 45 and New Zealand,25 and from Canada134 135 and the USA.72 82 98 
131 143   


The vast majority of these studies report winter- or cold-related mortality which is greater at older 


ages, though with a few exceptions. The exceptions include a Japanese study (the Ibaraki Prefectural 


Health Study, Atsumi et al 2013 11) of the relationship between cold temperature and cardiovascular 


mortality, which assessed effect modification by individual characteristics.  In a country with the 


world’s longest life expectancy, their results showed that subjects younger than 80 years (as well as 


those with hyperglycemia) were more susceptible to cold temperature than older patients. 11   
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Another exception is a Danish case-crossover study of Wichmann et al (2012, 34 ++/++) of apparent 


temperature and acute myocardial infarction hospital admissions in Copenhagen which reported 


greater susceptibility to cold risk in the 19-65 year age-group (as well as in men and those in the 


highest SES group), while a study of cardiovascular mortality in the Czech Republic (Kysely et al 


2009,61 rating +/+) found associations with cold spells in all age groups (25-59, 60-69, 70-79 and 80+ 


years) and in both men and women, but with relative mortality effects that were most pronounced 


in middle-aged men (25-59 years).61  


Younger age also appears to be associated with risk of hip fracture in relation to inclement weather 


in some settings.  For example, a Canadian study of hip fracture in Montreal (Levy et al 1998,135 


rating ++/+) reported freezing rain as a particular risk factor and that the association of inclement 


weather with hip fracture was stronger among younger men and women than for older persons.135  


Similarly, a US study by Jacobsen et al (1999,143 rating ++/++) of hip fracture incidence among 


women aged 45 years and older in Rochester, Minnesota, 1952 to 1989, found the risk of hip 


fracture was increased on days with snow or freezing rain, but among women aged 75 years and 


older, the effect of ice and snow were not strongly related to fracture occurrence.  It is possible 


these risks for hip fracture are greater in younger adults because of activity patterns which mean 


working age adults are more likely to go out in inclement conditions than older adults. 


Most other studies are broadly consistent in reporting increases in risk of winter- or cold-related 


mortality and morbidity with age, particularly for cardio-respiratory illnesses.  This is true in both 


relative terms (the elderly have a greater relative risk of excess winter death or a stronger 


association with low outdoor temperature) and in terms of absolute numbers of cases. Because the 


death rates rise steeply with age, even a constant excess winter ratio would mean substantially 


larger numbers of attributable deaths per 100,000 population at older ages.  


The evidence for England and Wales is clear.  The 2012 ONS report30 suggests that in 2011/12 the 


majority of excess winter deaths occurred among those aged 75 and over in both sexes, with 


females aged 85 and over having the greatest number of excess winter deaths.  This report is based 


on analyses of routine mortality registrations for England and Wales by region using the standard 


definition of excess winter death. 


A 2001 report on winter mortality in England linked to the English House Conditions Survey (EHCS) 


showed a clear pattern of increasing relative risk with age,124 with just 1.3% excess deaths in winter 


the 0-44 years age group, 18.9% in the 45-46 age-group, 21.0% in the 65-74 age group, 22.6% in the 


75-84 age group and 30% in those aged 85 years or more.  The relative risk for excess winter death 


in those aged 85 years or more was 1.28 (1.13, 1.46) times that in the 0-44 age group (p-value for 


trend across age groups <0.001). 


A daily time-series analyses of regional mortality data for England undertaken for the a recent  


evaluation of the Cold Weather Plan (CWP) for England (Hajat et al 2013,16 rating ++/++) confirm a 


rise across age-groups (0-64, 65-74, 75-84, 85+) in the relative risk associated with a 1°C drop in 


temperature below the cold threshold.16  
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ES1.3 Summary evidence statement – age 


49 included studies have examined the influence of age on excess winter deaths (14 from parts of 


the UK - 6 from England (2 ++16 18, 4 + 77 102  122 124), 4 from England and Wales (1++ 74, 2 +41 30, 1 ++ 48) 


2 from Scotland (1++ 91, 1+ 117) and 2 from Britain (1 ++ 104, 1+ 118 )), 6 from Italy (3 + 13  28 37, 1 each - 55 


-/+ 36) 5 from the USA (4++ 72 82 98 143 and 1 + 131), 4 from Spain (1++ 15, 3+  50 92 136), 1 from France 


(+31), Greece (1 + 83 + 103), the Netherlands (1 + 59, 1 ++ 120), Japan (1 ++ 11), Taiwan (both +22 45), 


Sweden (1 ++71, 1 + 137), Canada (1 + 134, 1 ++ 135), 1 ++ each from Ireland100, Denmark34 and Europe,65 


1 + each from the Czech Republic,61 Norway,144 South Korea,108 New Zealand.25 


 All apart from 5 61 34 11 135 143 found greater winter or cold related mortality at older ages. This is the 


case for both relative and absolute numbers.  


2 of the 5 studies showing higher risk at younger age looked at hip fractures and found either a 


higher risk among younger men and women (135, ++) or no strong relationship with age (143 ++). A 


Danish case-crossover study (34 ++) found greater susceptibility to myocardial infarction among 19-65 


year olds and a study in the Czech Republic (61, +) found that relative mortality effects were most 


pronounced in middle-aged men. 


The evidence for England and England and Wales shows the majority of excess winter deaths 


occurring in those aged 75 and over, with the greatest number among women aged 85 and over (30, 


+). A report linked to the English House Conditions Survey found a relative risk for those aged 85 and 


over of 1.28 (1.13, 1.46) compared to those aged 0-44 (124, +). Analysis of the Cold Winter Plan 


evaluation16 confirms a rise across age groups in the relative risk associated with a 10C drop in 


temperature below the cold threshold. This threshold varies by region but is around 60C. 


 


Gender 


As for age, there have been innumerable studies reporting on variations in risk of winter- or cold-


related mortality/morbidity by gender, including studies in England,102 124 England & Wales,30 41 106 


the UK,104 Scotland,117 Czech Republic,61 Denmark,34 Greece,83 103 Italy,36 55 Spain,15 79 Sweden,137 S 


Korea,108 New Zealand,25 73 Canada,135 USA,82 98 131 149 and internationally.88  


The evidence on the difference between men and women is somewhat mixed however.  In England 


and Wales, the ONS analyses of routine mortality registrations (ONS 2011,30 and ONS 2012,41 both 


rated +/+) indicate women have higher levels of risk of excess winter death than men, as does a 


2001 analysis by Wilkinson et al (+/+) of winter mortality patterns in England: unadjusted relative 


risk for women compared with men of 1.03 (1.02-1.05).124  However, a higher proportion of the 


female population of England and Wales are aged 75 and over (9.2 per cent compared with 6.4 per 


cent of males in 2011) and 85 years and over (where women outnumber men two to one). Given the 


strong effect of age on winter death, this difference may wholly, or partially, explain the higher 


number of excess winter deaths in women.30  Time-series analyses by Hajat et al 2007,74 rating 


++/++, of mortality patterns in England and Wales, found very little difference between men and 


women in the shape of the mortality function with cold. 
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Donaldson and Keatinge’s (2003) analysis of cold-related mortality in England and Wales106 (rating 


+/+) provided results stratified by age and sex, which show lower cold mortality risk in men than 


women in social class 5 (unskilled) in the 50-59 year age-group.  This risk difference was less 


pronounced and not statistically signficant in the 65-74 (retired population) age-group.  These 


authors interpret this pattern as indicating a possible protective effect of work-related factors in 


men in social class 5, which was not observed in social class 1 (professional). Ecological analyses of 


excess winter mortality and emergency hospital admissions in the South Yorkshire Coalfields Health 


Action Zone by Maheswaran and colleagues (2004,102 rating +/+) found that the winter excess ratios 


were lower in men than in women for both respiratory mortality P<0.05 and respiratory hospital 


admissions P<0.0001.  A Scottish study found greater seasonal variation in women than men for 


heart failure,117 especially at older ages.  


One of the few studies to have examined gender differences with confounder adjustment at 


individual level was an analysis of data from a cohort of elderly people from UK general practices 


(Wilkinson et al 2004,104 rating ++/++). This study found a small excess of risk in women (RR of 1.08 


(0.99 to 1.19) after adjustment for region and age), which was slightly stronger (1.11 (1.01 to 1.23)) 


after additional adjustment for medications, symptoms, whether living alone and deprivation group.  


The international study of coronary events based on WHO MONICA data from a 21 country registry 


with the UK represented by Belfast, (Barnett et al 2005,88 rating +/+) reported an age-adjusted cold-


related excess risk for women relative to men of 1.07 (1.03, 1.11). All populations showed a higher 


risk for women, and the differences in risk between men and women had a linear relation with mean 


daily temperature.88 


Most other studies have not included detailed confounder adjustment, but have reported generally 


small excess risks for women compared with men, including an Italian (Sicilian) study by Abrignani et 


al 2009,55 rating -/- ; a New Zealand study by Davie et al 2007,73 rating +/+; a Spanish study by Diaz et 


al 2006,79 rating ++/+; a US study by Schwartz 2005,98 rating ++/++; a study by Panagiotakos 2004,103 


rating +/+, of daily admisisons for non-fatal acute coronary syndromes (ACS) to emergency units of 


hospitals in the greater Athens area, January 2001 to August 2002; a study by Hong et al 2003,108 


rating +/+, of ischemic stroke onset and decrease in temperature over a 3-year period in Incheon, 


Korea; a Swedish study by Bjornstig et al 1997,137 rating +/+, of slipping on snow and ice.  Several 


other studies have reported no clear difference: a study by Gomez-Acebo et al 2013,15 rating ++/+, of 


the relationship between low winter temperatures and mortality due to cancer, cardiovascular 


diseases and respiratory diseases in Cantabria (northern Spain); a study by Hales and colleagues 


2012,25 rating +/+,  of seasonal mortality in New Zealand; a study by Gallerani et al 2011, rating -/-, 


of seasonal variation in  heart failure hospitalization in Ferrara; a US study by Medina-Ramon et al 


2006,82 rating ++/+, involving a case-only analysis of daily mortality and weather data from 50 U.S. 


cities for 1989-2000; an ecological study in rural Greece by Misailidou et al 2006,83 rating +/+, of the 


effect of ambient temperature on morbidity from acute coronary syndromes (ACS).  


Exceptions among the studies included in this review were studies by Levy et al 2006 of hip fracture 


in relation to weather in Montreal,135 rating ++/+, and a study by Macey and Schneider 1993,149 


rating +/+, of temperature-related deaths in people aged 60 years or more, who found a male bias 


for deaths from cold. A Czech study reported that cold spells were associated with positive mean 


excess cardiovascular mortality in all age groups in both men and women, but that the relative 







40 


 


mortality effects were most pronounced and most direct in middle-aged men (25–59 years).61. A 


Danish case-crossover study of acute myocardial infarction hospital admissions in Copenhagen, 


found that greatest relative susceptibility to cold was observed in men in the 19-65 year old group.34 


 


ES1.4 Summary evidence statement – gender 


Twenty five included studies consider the role of gender: 7 are from the UK (2 + from England102 124, 


three + from England & Wales30 74 106, one + from Scotland117 and 1 ++ from the UK104) 4 from the 


USA (2 ++82 98 and 2 + 131 149), 2 each from New Zealand (1 + 25 73), Greece (1 +/- 83, one +103), Italy (1 


+/-36, 1 -55), Spain (both ++ 15 79), 1 + each from Czech Republic,61 Sweden,137 South Korea,108 


internationally88 and 1 ++ each from Denmark34  and Canada.135 


 Of these, one study found an increase in hip fractures in men compared to women (135, ++) and one a 


male bias for deaths from cold in those aged 60+ (149, +), while two others reported greater relative 


risks in men compared to women: one of cardiovascular mortality in the Czech Rebublic (+)61  and 


one of acute myocardial infarction in Denmark (++)34.  The other studies found small excess risks for 


women (30 102 73 124 13 55 137 108 98 79) or no clear difference (74 83 36 15 25 106). Two studies have adjusted 


for potential confounders, including age. These found a small excess of risk in women (1.11, 1.01 to 


1.23 in a study from UK general practice 104,++  and 1.07 (1.03, 1.11) in an international study of 


coronary events 88,+ .  


 


Ethnicity 


There have been few studies of winter-/cold-related mortality/morbidity in relation to ethnic group, 


and the evidence is too limited to draw firm conclusions, especially given no direct evidnce for 


England. A factor in this paucity of evidence is likely to be the limited data and power for testing 


variations in seasonal or cold-related risk by ethnic group.   


Two studies from New Zealand of uncertain relevance to England, by Davie et al 2007 (+),73  and by 


Hales et al 2012 (+),25 found no evidence that patterns of EWM differed by ethnicity, specifically no 


clear variation in relation to Maori, Pacific or Asian populations compared with ethnic Europeans.25  


In the United States, Medina-Ramon et al 2006, (++/+), reported evidence that the black population 


was more at risk of heat-related risk but not of cold,82 while Anderson and Bell 2009, in an analysis of 


data from 107 cities, rating ++/++, reported higher susceptibility to cold for communities with a 


higher percentage of African Americans.56  Schwartz 2005,98, rating ++/++, also reported greater 


vulnerability among the non-white (US) population to cold based on a case-only analysis (OR 1.25; 


1.12-1.40).  Macey and Schneider 1993,149 reported slightly greater risk among non-white 


populations for heat-related mortality, but not for cold, in an elderly US population based on a 


limited correlation analysis.  
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ES1.5 Summary evidence statement – ethnicity 


6 studies have considered the effect of ethnic group on cold or winter mortality or morbidity, 


providing inconsistent results. 2 studies are from New Zealand (1 + 73 25 ) and 4 from the US (3 ++ 56 82  
98  and 1 +149  ). 2 studies from New Zealand (+),73 25 found no evidence that patterns of EWM 


differed by ethnicity, specifically no clear variation in relation to Maori, Pacific or Asian populations 


compared with ethnic Europeans.  


In the United States, Medina-Ramon82 reported evidence that the black population was more at risk 


of heat-related risk but not of cold while Anderson and Bell,56 in an analysis of data from 107 cities, 


reported higher susceptibility to cold for communities with a higher percentage of African 


Americans.  Schwartz,98 also reported greater vulnerability among the non-white (US) population to 


cold based on a case-only analysis (OR 1.25; 1.12-1.40).  Macey and Schneider149 reported some 


evidence of excess cold risk in an elderly US population based on a limited correlation analysis. 


 


(4) Cause-of-death/morbidity 


 


The literature review presented in this report was not designed to capture all studies which provide 


evidence of any seasonal fluctuation or temperature relationship in mortality or morbidity for 


specific causes.  That would be an overwhelming literature (we estimate thousands of studies) 


whose collective evidence would reinforce the broad point that many specific conditions, including 


many infectious diseases, various forms of injury/fall risk, and many categories of chronic disease 


occurrence have been found in some settings at least to exhibit some form of temporal parttern 


across the year, sometimes with a temperature relationship.  Not only would a comprehensive 


review be impractical because of the volume of potential studies, but it would be difficult 


meaningfully to synthesize the very heterogenous literature based on a wide range of study types, 


definitions and analytical approaches. 


Here we have a much more limited objective, therefore, namely to give a broad overview of the 


patterns of seasonality or temperature-related disease risk, excluding infectious disease categories, 


observed in the very selective literature gathered for this review of vulnerability by person or place – 


which specifically did not include studies that only reported patterns of seasonality or temperature 


dependence without reference to modifying factors.  The literature is therefore extremely selective 


with regard to the potential pool of studies of seasonality and temperature influence on illness, and 


cannot therefore be viewed as comprehensive or even as fully representative of the wider 


litereature.  The reported studies should rather be interpreted as indicative examples. Nonetheless, 


even from this very limited literature, it is possible to make observations about the categories of 


illness which, quantitatively make the largest overall contribution to winter- and cold-related 


mortality/morbidity, including the categories of most relevance to winter death and morbidity in 


England. 


Most studies of winter- or cold-related mortality/morbidity that have examined cause-of-


death/morbidity groups, have usually done so using fairly large disease groupings, in part because of 
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the power requirements to examine effect variation for more specific causes.  The evidence suggests 


that in most settings the major disease groupings show association with low temperature, including 


cardiovascular disease and major subgroups, respiratory disease (especially chronic obstructive 


pulmonary disease, COPD), external causes (injuries), and other causes including malignancy.  


Among the reviewed studies which provide evidence for specific causes are the following: 


 


Cardio-respiratory and other chronic disease 


All papers in this review to some degree address the issue of seasonal variations in health or 


temperature dependence.  The most commonly studied outcomes, especially in time series studies 


(necessary for temperature attribution) are cardio-respiratory outcomes.  The principal relevant 


studies from this review are summarized in the table below, together with their validity ratings.  


All of those listed under the heading of cardiovascular disease showed some evidence of association 


with cold temperature and/or the winter season.  The findings are nearly as universally positive for 


respiratory outcomes. However, Rocklov et al 2011,43 showed no clear evidence for association with 


respiratory mortality, and the study by Medina-Ramon et al 200682 found little evidence that COPD 


as a presenting condition, or of pneumonia as the primary cause of death, were modifiers of the 


effect of extreme temperature on mortality (though cardiovascular mortality and cardiac arrest as 


the primary cause of death were associated with higher risk to extreme cold). 


Almost by definition, studies negative for an overall temperature or season effect would be unlikely 


to be included in the review as there would not be an effect with which to investigate effect 


modification (vulnerability).  Hence the very positive (seasonal or cold effect) balance of evidence of 


these studies does not properly reflect the true balance of findings of main effects in the literature 


at large. Nonetheless, the range of studies in terms of design and geography does capture the fact 


that there is a large body of evidence to suggest that cold temperatures, and the winter season in 


particular, is associated with risk of cardio-respiratory mortality and morbidity.  That is fairly evident 


in that tabulations of routine statistics, such as those produced annually by the Office for National 


Statistics, repeatedly demonstrate the large winter (December to March) excess in mortality, most 


of which is made up of cardio-respiratory causes30,41. 


Causes other than the cardio-respiratory group and its subcategories are also often tabulated, 


though typically as ‘other’ (i.e. non-cardiuorespiratory) causes, and usually report positive 


associations with winter/cold.  Studies in England,16 78 England and Wales,30 Scotland,91 Ireland,12 100 


Finland,79 The Netherlands,148 Spain,15 79 136 Japan (hyperglycaemia as effect modifier for 


cardiovascular outcome),11 and The United States56 fall in this category among reviewed studies. 


 


 


 


 


 







43 


 


Table 2. Summary of the main studies within the reviewed papers that have addressed cardiovascular and 
respiratory outcomes. 
 


 Validity  


Int Ext 


Cardiovascular disease     


England Hajat et al 201316 Mortality and hospital admissions 
(epidemiological analyses for the 2013 
CWP evaluation) 


Time series ++ ++ 


McGuinn et al 201318 Activation of implanatable cardiac 
defibrillators (a marker of severe or 
life-threatening cardiac arrhythmia), 
SE England 


Time series ++ + 


Carson et al 200678 Changing patterns of weather-
sensitive disease over the 20th 
century, London 


Time series + ++ 


Maheswaran et al 2004102 Excess winter mortality and 
emergency hospital admissions in the 
South Yorkshire Coalfields Health 
Action Zone for cardiovascular (as well 
as respiratory and other causes) 


Excess 
winter 


mortality/ad
mission 


+ + 


Wilkinson et al 2001124 Excess winter death for cardiovascular 
(as well as respiratory and other) 
causes 


EWDI + + 


Donaldson and Keatinge 
1997139 


Mortality from ischaemic heart and 
cerebrovascular disease (as well as 
respiratory disease) 


Poisson 
analysis of 


low 
temperature 


days 


+ + 


England 
and 
Wales 


Office for National 
Statistics 201230 


Analyses of routine mortality 
registration data by region 


Seasonal 
(EWDI 


+ + 


Office for National 
Statistics 201141 


Analyses of routine mortality 
registration data by region 


Seasonal 
(EWDI 


+ + 


Bhaskaran et al 201048 
Myocardial infarction in England and 
Wales 


Time series ++ ++ 


Hajat et al 200774 
Temperature-relatd mortality from 
cardiovascular (as well as from 
respiratory and external causes) 


Time series ++ ++ 


Langford and Bentham 
1995145 


Death rates from all causes and 
ischaemic heart disease and 
cerebrovascular disease (as well as 
from chronic bronchitis, pneumonia). 


Time series + + 


Northern 
Ireland 


Morris et al 200776 
Circulatory (and respiratory) death Monthly 


analyses 
+ ++ 


Ireland Callaly et al 201312   + + 


Czech 
Republic 


Kysely et a2009l61 
Cardiovascular mortality Analysis of 


cold spells 
+ + 


Denmark 
Wichmann et al 2012 


Acute myocardial infarction admission Case cross 
over 


++ ++ 


Italy de Donato et al 201313 Mortality and emergency room Cold spells ++ + 
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attendance: cardiovascular disease 
and various subcategories (as well as 
all natural causes, respiratory causes 
and injuries) 


Gallerani et al 201136 Heart failure Seasonal + - 


Abrignani et al 200955 
Acute myocardial infarction 
admissions 


Daily 
correlation  


- - 


Spain 
Gomez-Acebo et al 201315 


Mortality from cardiovascular disease 
(as well as respiratory diseases and 
cancer) 


Case 
crossover 


++ + 


Iniguez et al 201052 cardio-respiratory mortality Time series + + 


Sweden 
Rocklov et al 201143 


Cardiovascular (and respiratory and 
noncardio-respiratory) mortality, 
Stockholm 


Time series 
(by season) 


++ + 


Rocklov and Forsberg 
200871 


Cardiovascular and respiratory 
mortality, Stockholm 


Time series ++ ++ 


Europe 
Analitis et al 200865 


Cardiovascular, cerebrovascular (and 
respiratory) deaths 


Time series ++ ++ 


Japan 
Atsumi et al 201311 


Cardiovascular mortality Case cross-
over of 
cohort 


++ + 


Taiwan 
Wu et al 201145 


Cardiovascular mortality Spatial 
regression 


+ + 


Chen et al 201049 
Cardiovascular mortality Spatial 


regression 
+ - 


Yang et al 200964 Cardiovascular mortality Spatial - - 


New 
Zealand 


Davie et al 200773   


Mortality by cause (diseases of the 
circulatory system accounted for 47% 
of all 
excess winter deaths from 1996–2000 
with mortality from diseases of the 
respiratory system 
accounting for 31%) 


Seasonal 
(monthly) 
analysis 


+ + 


Australia  
Turner et al 201232 


Ambulance attendance for 
cardiovascular (and respiratory) 
conditions 


Time series ++ ++ 


Canada  
Bayentin et al 201047 


Hospital admission for ischaemic heart 
disease 


Time series 
(+spatial) 


+ + 


USA 
 Madrigano et al 201319  


Acute myocardial infarction 
occurrence (in Worcester (MA) 
metropolitan area) 


Case 
crossover 


++ + 


Barnett et al 201224  
Cardiovascular (as well as rewpiratory) 
mortality 


Time series + 
Bayes model 


++ ++ 


Anderson and Bell 200956  
Cardiovascular (as well as respiratory ) 
mortality. 
107 US communities 


Time series ++ ++ 


Medina-Ramon et al 2007 
Mortality from myocardial infarction 
and cardiac arrest. 
50 US cities 


Case 
crossover 


++ ++ 


Respiratory disease     
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England Hajat et al 201316 Mortality and hospital admissions 
(epidemiological analyses for the 2013 
CWP evaluation) 


Time series ++ ++ 


Bryden et al 200957 Hospital admissions for exacerbations 
of chronic obstructive pulmonary 
disease (COPD)  


Analysis of 
high risk 
weeks 


+ + 


Jordan et al 200869 
Winter hospital admission for 
respiratory disease 


Case control ++ ++ 


Carson et al 200678 Respiratory mortality: changing 
patterns of weather-sensitive disease 
over the 20th century, London 


Time series + ++ 


Rudge and Gilchrist 
200597 


Emergency hospital episodes for all 
respiratory diagnosis codes, London 
borough of Newham 


Small area 
analysis of 


winter 
excess 


++ ++ 


Maheswaran et al 2004102 Excess winter mortality and 
emergency hospital admissions in the 
South Yorkshire Coalfields Health 
Action Zone for respiratory (as well as 
cardiovascular and other causes) 


Excess 
winter 


mortality/ad
mission 


+ + 


Wilkinson et al 2001124 Excess winter death for cardiovascular 
(as well as respiratory and other) 
causes 


EWDI + + 


Donaldson et al 1999130 Lung function and symptoms in 
chronic obstructive pulmonary disease 
(in relation to low temperature) 
 


Survey 
analysed in 
relation to 


daily  
characteristi


cs 


+ + 


Donaldson and Keatinge 
1997 


Mortality from respiratory disease (as 
well as ischaemic heart and 
cerebrovascular disease) 


Poisson 
analysis of 


low 
temperature 


effects 


+ + 


England 
and 
Wales 


Office for National 
Statistics 201230 


Analyses of routine mortality 
registration data by region 


Seasonal 
(EWDI) 


+ + 


Langford and Bentham 
1995145 


Death rates from all causes and from 
chronic bronchitis, pneumonia (as well 
as ischaemic heart disease and 
cerebrovascular disease). 


Time series + + 


Hajat et al 200774 
Temperature-relatd mortality from 
respiratory (as well as from 
cardiovascular and external causes) 


Time series ++ ++ 


UK Hajat et al 2004101 GP consultations for respiratory 
conditions by elderly people 


Time series + ++ 


Wilkinson et al 2004104 Excess winter death in relation to pre-
existing illness for respiratory 
conditions 


EWDI ++ ++ 


Scotland 
McAllister et al 201317 


Winter hospital admissions with COPD Season 
differences 


+ ++ 


Carder et al 200591  Cardiorespiratory mortality Time series ++ ++ 
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Gemmell et al 2000127 
Mortality from respiratory disorders 
(as well as cardiovascular and 
ischaemic heart disease) 


Weekly time 
series 


+ + 


Northern 
Ireland 


Morris et al 200776 
Respiratory (and circulatory) death Monthly 


analyses 
+ ++ 


Ireland 


Callaly et al 201312 


30-day hospital mortality and hospital 
presentation for chronic obstructive 
disease, pneumonia (as well as 
epilepsy/seizures and congestive heart 
failure) 


Seasonal and 
cold-related 


variation 


+ + 


Goodman et al 2004100 
Cardiovascular (as well as respiratory 
and other) mortality 


Time series ++ + 


Clinch and Healy 2000126 


Mortality from respiratory disease 
(and cardiovascular disease) 


Proportionat
e and 


relative 
winter 
excess 


- + 


Finland 
Makinen et al 200962  


Respiratory infections in relation to 
low temperature 


Time series + + 


Reinikainen et al 200685 
Intensive care mortality: respiratory 
failure was increased in winter 


Seasonal 
comparison 


++ + 


Italy 


de Donato et al 201313 


Mortality and emergency room 
attendance: respiratory causes (as 
well as cardiovascular disease and all 
natural causes and injuries) 


Cold spells ++ + 


Netherla
nds 


Huynen et al 2001120  
Mortality: respiratory (as well as 
cardiovascular and from cancer) 


Time series ++ ++ 


Kunst et al 1993148 
Mortality from respiratory (as well as 
cardiovascular, cancer, external and 
other) causes 


Time series + + 


Norway 
Nafstad et al 2001121 


Mortality from respiratory (as well as 
cardiovascular, gastrointestinal and 
all) causes 


Time series + + 


Spain 
Gomez-Acebo et al 201315 


Mortality from respiratory diseases (as 
well as cardiovascular disease and 
cancer) 


Case 
crossover 


++ + 


Iniguez et al 201052 cardio-respiratory mortality Time series + + 


Diaz et al 200592 
Mortality from respiratory (as well as 
circulatory and all) causes 


Time series + + 


Ballester et al 1997136 


Mortality from respiratory diseases (as 
well as circulatory, malignant tumours 
and all causes except external ones) in 
relation to cold 


Time series + + 


Sweden 


Rocklov et al 201143 


Respiratory (as well as cardiovascular 
and noncardio-respiratory) mortality, 
Stockholm – negative for respiratory 
association 


Time series 
(by season) 


++ + 


Rocklov and Forsberg 
200871 


Respiratory and cardiovascular 
mortality, Stockholm 


Time series ++ ++ 


Europe 
Analitis et al 200865 


Respiratory (as well as cardiovascular, 
and cerebrovascular deaths) 


Time series ++ ++ 
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Japan 
Atsumi et al 201311 


Cardiovascular mortality Case cross-
over of 
cohort 


++ + 


Taiwan 
Tseng et al 201322 


Exacerbation of COPD Case 
crossover 


+ + 


New 
Zealand 


Davie et al 200773   


Mortality by cause (diseases of the 
circulatory system accounted for 47% 
of all 
excess winter deaths from 1996–2000 
with mortality from diseases of the 
respiratory system accounting for 
31%) 


Seasonal 
(monthly) 
analysis 


+ + 


Australia  
Turner et al 201232 


Ambulance attendance for respiratory 
and cardiovascular) conditions 


Time series ++ ++ 


USA 
Barnett et al 201224  


Respiratory (as well as cardiovascular 
mortality) 


Time series + 
Bayes model 


++ ++ 


Anderson and Bell 200956  
Respiratory (as well as cardiovascular) 
mortality. 
107 US communities 


Time series ++ ++ 


Medina-Ramon et al 
200682 


Mortality from pneumonia (as well as 
stroke, cardiovascular disease, 
myuocardial infarction and cardiac 
arrest) 


Case only 
analysis 


++ + 


Schwartz 200598 


Mortality during  extreme 
temperature (low and high): COPD 
predictive of vulnerability (but 
diabetes, myocardial infarction, 
pneumonia and congestive heart 
failure not statistically associated) 


Case only 
analysis  


++ ++ 


Braga et al 2002112 


Deaths from pneumonia, COPD (not 
clearly associated with cold) – as well 
as myocardial infarction and 
cardiovascular disease mortality 


Time series ++ ++ 


Gorjanc et al 1999131 


Deaths and deaths due respiratory 
disease (as well as ischemic heart 
disease, cerebrovascular diseases) in 
relation to low temperature and 
snowfall.   


Time series + + 


 


Where various disease outcomes have been analysed using the same methods for the same 


population, the picture is usually that the steepest exposure-response relationship is seen for 


respiratory outcomes, cardiovascular outcomes are intermediate, and non-cardio-respiratory 


outcomes show the least steep (but generally still statistically significant) exposure-response 


relationships  -- see for example16 74 65  56 91 100  Further details of these individual studies are 


recorded in appendix 5, but the European study by Analitis and colleagues is typical.  His study 


showed that a 1 degrees C decrease in temperature was associated with the following mortality risks 


All natural deaths : 1.35% (95% CI: 1.16, 1.53) 
Cardiovascular death: 1.72% (95% CI: 1.44, 2.01) 
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Respiratory death: 3.30% (95% CI: 2.61, 3.99) 
Cerebrovascular death: 1.25% (95% CI: 0.77, 1.73) 


Similarly, the study by Goodman and colleagues 100 found the following estimates for the percent 


increase in cumulative 40-day mortality for  each 1°C decrease in mean temperature: cardiovascular 


death 2.5% (95% CI 2.0–3.0%), respiratory 6.7% (95%CI 5.8–7.6%) and other 1.5% (95% CI 0.90–


2.0%). 


Although cardio-vascular outcomes typically have a less steep association with low temperature 


than respiratory disease, it may nonetheless account for a larger burden of cold-attributable 


mortality because of the greater underlying frequency of cardiovascular death. 


ES1.6 Summary evidence statement – (non-infectious disease) mortality and morbidity cause 


The search strategy for this review was not aimed at identification of all studies examining seasonal 


or low temperature-related impact on health by cause.  Summary of the highly selected subsample 


used to examine vulnerability questions is therefore inappropriate.  However, within that 


subsample, there are sufficient numbers of highly quality positive studies to conclude very good 


evidence for seasonal and cold impacts on cardio-respiratory outcomes and other non-infectious 


disease causes.  Such studies include many directly relevant to England, including six studies in 


England (including three time series studies) (++ or +/++) 16 18 78 and three other designs (+)102 124 139, 


as well as three further time series for England and Wales (++) (myocardial infarction) 48  (mortality) 
74 145 and national analyses of routine data for seasonal excess (+) by the Office for National 


Statistics, and one further study (+) for Northern Ireland. 


Very similar findings apply to respiratory outcomes, and include the same time series as for 


cardiovascular disease with the exception of Bhaskaran et al 2010  and McGuinn 2013, together with  


studies focued on COPD, 57(+)  a primary care study of respiratory disease (++)69 and a small area  


ecological study of respiratory hospital admission.97 and a study of lung function130 (+). 


Six ++ included studies (2 from England ++16 74, 1 each from US ,56 Europe65, Scotland91, and Ireland100) 


look at various disease outcomes using the same methods for the same population. These show that 


the steepest exposure-response relationship is for respiratory outcomes, followed by cardiovascular 


outcomes and then non-cardio-respiratory outcomes. Although this association is the least steep it is 


generally still statistically significant. However, due to the larger number of cardiovascular deaths, 


the cold attributable mortality is likely to be greatest for cardiovascular outcomes. 


 


Injuries and falls: season, temperature, snow and ice 


Regional analyses of cold-related mortality and hospital admission in England,16 show evidence of an 


increase of risk of falls in association with low outdoor temperatures, but not of injuries overall or of 


injuries to the hip and thigh (odds ratio close to 1.0).  More detailed analyses examined the effect of 


periods of heavy snowfall during the winters of 2009/10 and 2010/11, as measured by depth of 


resting snow. The two periods analysed were associated with an increase in A&E visits of 23.9% (95% 


CI: 17.4, 30.7) and 5.5% (95% CI 2.3, 8.7) for the diagnosis category ‘dislocation/fracture/joint injury 


or amputation’ compared with expected levels at those times of the year.  Increases were observed 
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during similar snowfall periods in other regions also (table 3).  In all cases, the 2nd snow period was 


associated with a lower impact than the 1st snow period, even when average snow depth 


measurement was higher during the 2nd event.  When further examined in more detail for the North 


East region, by age-groups, the increases among the elderly were modest, as well as among children 


(for which numbers peaked in the summer months for this diagnosis category), but were substantial 


among those of working age (16-64 years) where the highest relative increases were observed: with 


increases of 33.7% (95% CI 25.0, 42.8) and 11.3% (95% CI 7.1, 15.7) for the two snow periods 


respectively. Increases were not observed for A&E visits due to cardiovascular or respiratory causes 


or for all-cause visits during the snow periods.      


Beynon and colleagues,35 examined the relationship between temperature and emergency hospital 


admissions for falls on snow and ice in England, using regional emergency admission Hospital 


Episode Statistics for the winters of 2005/06 to 2009/10.  They found overall, a (log-linear) increase 


in the rate of emergency hospital admissions for falls on snow and ice as temperature falls, with the 


highest rate of admissions among the elderly and particularly men aged 80 and over (rising to 


around 1 per thousand resident population). The total inpatient cost of falls on snow and ice in the 


2009/10 winter was estimated at £42 million.   


In a study of patients presenting with fractures to two adult and one paediatric accident and 


emergency departments and a minor injuries unit covering a combined population of 778,367 in 


Edinburgh, UK, Murray and colleagues,39 investigated the relationship between severe weather 


warnings, the frequency of fractures, and fracture related workload. They found evidence of 


statistically significant increases in fractures with cold and inclement weather, mostly low-energy 


fractures treated with day-case surgery or in fracture clinics. However, the number of patients 


treated as inpatients for fractures showed a less clear pattern. Hip fractures were not associated 


with weather. Correlations with maximum daily outdoor temperature in 2008/09 and 2009/10 were: 


for attendances -0.05 and +0.03; for fractures overall -0.29 and -0.52 (both statistically significant); 


for fracture admissions -0.24 and -0.46 (the latter statistically significant); and for hip fractures -0.04 


and -0.21. Severe weather warnings for icy roads were associated with a 40% (95% confidence limits 


20-52%) increase in fractures. 


Parsons,42  undertook a cross-sectional study of the relationship between daily trauma admissions 


and observed weather variables, using data from the Trauma Audit and Research Network of 


England and Wales covering 21 accident and emergency departments (ED) located across England, 


linked to data from the UK Met Office. The study included all patients arriving at one of the selected 


ED, with a subsequent death, inpatient stay of greater than 3 days, inter-hospital transfer or 


requiring critical care between 1 January 1996 and 31 December 2006. There were strong seasonal 


trends in both paediatric and adult trauma admissions (higher in summer). Each 1 degree Celsius rise 


in maximum daily temperature was associated with a relative risk for admission of 1.003 (1.000 to 


1.007) in adults and 1.019 (1.014 to 1.025) for children. The relative risk for a change in minimum 


daily temperature was 0.994 (0.990 to 0.998) – equivalent to a 3.2% increase in adult admissions for 


a five degree Celsius fall in temperature, e.g. due to a severe night time frost. Also the presence of 


snow increased adult trauma admissions by 7.9%.  


Crawford and Parker,105 analysed a prospective series of 3034 consecutive hip fracture patients 


admitted to a single unit in the United Kingdom over a 12-year period.  More hip fractures occurred 
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during the winter 867 (55.3%) than summer 693 (41.7%) (p=0.002). There was an increase in the 


number of extracapsular fractures (p=0.006) and tendency to a higher mortality for those patients 


admitted in the winter months, but no statistically significant difference in patient characteristics 


between the winter and summer seasons (including age, mean mental test score, mean mobility 


score, mean total hospital stay). 


Chesser et al113 examined the relationship between the incidence of fractures and daily temperature, 


months of the year and season in a consecutive series of 818 patients 65+ years of age, who 


presented to one district general hospital with a fracture of the proximal femur. Somewhat limited 


in size and not based on formal time-series methods, the results suggested  no significant association 


of fractures with temperatures, changes of temperature, season or month of the year, and no 


statistically significant difference in the characteristics of patients (age, sex, pre-injury mobility, 


residence, functional and mental scores) presenting in different seasons or temperature ranges. 


However, patients presenting in winter months had a significantly longer inpatient stay. 


Negative findings in relation to seasonal and weather-related variation were also reported by a small 


study of 429 patients with a hip fracture that showed that, that other than for ground frost, there 


was no significant association between the prevailing weather conditions or seasonality in hip 


fracture.147 


Elsewhere, Tenias and colleagues have presented a case crossover analysis of the short-term 


relationship between meteorological variables and hip fractures in people over 45 years of age for a 


health area of the Autonomous Region of Valencia, Spain, 1996–2005.63  There were more cases in 


the autumn and winter months. The case-crossover analysis showed a significant relationship 


between the daily duration of wind and the incidence of hip fractures (OR 1.32 CI 95% 1.10-1.58 for 


the windiest quartile of days vs the least windy), but no other statistically significant associations for 


other meteorological variables, including temperature. The results were comparable across different 


subgroups classified by age, sex, and type of fracture. 


A Swedish study in the Umea health district137 examined slipping on ice or snow during winter which 


occurred at a rate of 3.5 injuries per 1000 inhabitants per year, with the highest age-specific rate 


among the elderly. Most injured were elderly women. Half of all injuries were fractures; two thirds 


for women 50 years and over, mostly of an upper extremity. The authors concluded that “injury 


reducing measures, such as more effective snow clearing, sand and salt spreading in strategic areas, 


better slip preventive aids on shoes, and 'padding' of older women, would reduce the injuries and 


their consequences.” 


From Australia, an observational study by Turner and colleagues44 examined the relationship 


between mean daily air temperature and fall-related hip fracture hospitalisations for the period 1 


July 1998 to 31 December 2004, in the Sydney region of New South Wales, Australia. After 


adjustment for season, day-of-week effects, long-term trend and autocorrelation, hip fracture rates 


were found to be higher in both males and females aged 75+ years when there is a lower air 


temperature: rate ratios for a 1 degree Celsius increase in temperature of  0.98 (95%  CI 0.96, 0.99) 


in men aged 75-84 years, 0.98 (0.96, 1.00) in men 85+ years; 0.99 (0.98, 1.00) in women 75-84, and 


0.98 (0.97, 0.99) 85+ years.  These results are broadly consistent with, but extend, the results of an 


earlier analysis of hip fracture rates in New South Wales (data for 1981, 1983, 1986, 1988, 1989 and 
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1990), which showed a seasonal pattern in hip fracture rates, with a trough in the summer and a 


peak in the winter.146  The investigators found that mean daily minimum temperature was 


independently and consistently associated with the monthly rates of hip fracture in both younger 


and older people. 


In the US, Bischoff-Ferrari and colleagues,72 investigated seasonal variation in the incidence of four 


common fractures, and their association with weather variables in a population-based analysis of 


individuals age 65 and older, from 5% sample of the US Medicare population, residing in 50 US states 


1 July 1986 to 30 June 1990.  The study examined fractures of the hip, the distal forearm, the 


proximal humerus and the ankle. All fractures were most frequent in winter and lowest in summer 


(p < 0.05 at all sites). Winter peaks were more pronounced in warm climate states, in men, and in 


those younger than 80 years old. In winter, total snowfall was associated with a reduced risk of hip 


fracture (-5% per 20 inches) but an increased risk of non-hip fractures (6-12%; p < 0.05 at all sites).  


A study by Mirchandani et al95 examined the effect of weather and seasonality on hipfracture 


(femoral neck or intertrochanteric region) incidence in adults >=65 years in New York City, 1985 to 


1996.  They found hip fractures were more likely to occur in the winter than in any of the other 


seasons (p<.001), and were correlated with minimum daily temperature (r=.167, p<.001), daily wind 


speed (r=.166, p<.001), maximum daily temperature (r=.155, P<.001), minutes of sunshine (r=.067, 


P<.01), and average relative humidity (r=.033, P=.03). A greater number of hip fractures occurred in 


colder months, with ambient temperature rather than any adverse circumstances related to rain or 


snowfall associated most closely to injury.  


Jacobsen et al examined the contribution of weather to the seasonality of distal forearm fractures in 


a population-based study in Rochester, Minnesota, 1952-89.132 Such fractures were more frequent in 


the winter among men and women 35 years of age or older, which was partially explained by a 


greater relative risk of distal forearm fractures on days with freezing rain (1.65; 95% CI 1.28-2.13) or 


snow (1.42; 95% CI 1.17-1.74) among women under 65 years of age and on days with freezing rain 


(1.63; 95% CI 1.23-2.17) among older women.   The authors concluded that the greater seasonality 


of forearm compared with hip fractures is explained by the fact that more of them occur out-of-


doors, though factors additional to weather also play a role in the seasonal variation. 


The same group also studied the association of weather factors with seasonality in hip fracture 


among women aged 45 years and older in Rochester, Minnesota, 1952 to 1989.143 The risk of hip 


fracture was increased on days with snow (relative risk 1.41, 95% CI 1.10, 1.81) or freezing rain (RR 


1.82, 95% CI 1.27, 2.62), and the elevated risk of hip fracture in winter, compared with summer (RR = 


1.44, 95% CI 1.0, 2.09) was reduced after controlling for weather (RR = 1.16, 95% CI 0.81, 1.65). 


Among women aged 75 years and older, ice and snow were not strongly related to fracture 


occurrence. 


In Canada, a study by Morency et al 29  based on ambulance records, reported that 72% of the 


outdoor falls were explicitly attributed to ice and/or snow and/or slipping.  Three episodes of excess 


falls, representing 47% of all outdoor falls, were preceded by rain and followed by falling 


temperatures, or were concomitant with freezing rain.   
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Also in Canada a time series study by Modarres and colleagues 20 examined the association of 


climate variables and hip fracture (n=22855 cases of hip fracture, 75.8% female) in patients, 40-74 


and 75+ years, with hip fracture in Montreal, Quebec, 1993-2004.  Their models describe 50-56 % of 


daily variation in hip fracture rate and identify snow depth, air temperature, day length and air 


pressure as principal influencing variables on the time-varying mean and variance of the hip fracture 


rate; find that the effect of climate variables on hip fracture rate is most acute when rates are high 


and climate conditions at their ‘worst’; and observe that the association of climate variables and hip 


fracture does not seem to change linearly, but to increase exponentially under harsh climate 


conditions. The climatic/meteorological conditions for Montreal are appreciably different from those 


of the UK, and the sophisticated analysis make clear interpretation difficult. 


In a further Canadian study, Levy et al135 investigated the relationship between inclement weather 


and the risk of hip fracture using hospitalization data on all hip fractures (n=18,455) in Montreal, 


1982 to 1992, linked to weather data on the amount of snow, rain, and freezing rain and outdoor 


temperature.  They observed a cyclical pattern, with the peak of hip fractures in mid-December 


among women and the first week of January among men. The pattern was less pronounced among 


women than men, with peak-to-trough ratios of 1.2 and 1.4, respectively. Days with lower 


temperatures, snow, and freezing rain were associated with increased rates of hip fracture.   The 


relative risk (relative to days > 5 Celsius without precipitation) of days with any freezing precipitation 


was 1.14 (1.04, 1.24).  The association between inclement weather and hip fractures was stronger 


among younger persons in both women and men.  The authors speculate about the possible 


additional influence of slower reaction times in winter and winter bone loss as contributory 


mechanisms, or other (low) temperature effects. 


Although snow and ice contribute to the risk of falls and injuries, the relationship is more complex 


when stratified by age and type of injury risk, and may vary by geographical setting/climate 


conditions.  Overall, there is a steep increase in the rate of emergency hospital admissions for falls 


on snow and ice as temperature falls,35 though in the UK seasonal fluctuation is generally modest.  


Hip fractures, at least among elderly groups, appear to have a comparatively weak relationship with 


cold/icy weather in the UK,39   105 113  147 and the large majority of falls resulting in fractured hip occur 


indoors. Fractures of other bones (especially distal forearm) are more strongly linked to cold/icy 


weather,132 but the greater increase is in younger, working-age adults than the elderly.  Some effect 


occurs on risks in children, but children have greater overall levels of fracture risk in summer, 


probably because of outdoor activities. International evidence, especially from North America, 


suggests greater increase in risk in more extreme icy weather.135   


 


ES1.7 Summary evidence statements – falls and injuries 


18 studies looked at seasonal variations in falls and injuries (7 from the UK (3 ++ 16 105 113, 4 + 35 39 42 


147), 4 from the US (3 ++  72  143 132, one + 95), 3 from Canada (2 + 29 20 , one ++ 135) 2 from Australia (1 + 
44, 1 ++ 146) and one each from Spain63 and Sweden137 (both +)). Although snow and ice contribute to 


the risk of falls and injuries, the relationship is more complex when stratified by age and type of 


injury risk, and may vary by geographical setting/climate conditions.  Overall, there is a steep 


increase in the rate of emergency hospital admissions for falls on snow and ice as temperature 
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falls,35 though in the UK seasonal fluctuation is generally modest.  Hip fractures, at least among 


elderly groups, appear to have a comparatively weak relationship with cold/icy weather in the UK39 
105 113 147 and the large majority of falls resulting in fractured hip occur indoors. Fractures of other 


bones (especially distal forearm) are more strongly linked to cold/icy weather, 132 but the greater 


increase is in younger, working-age adults rather than the elderly.  Some effect occurs on risks in 


children, but children have greater overall levels of fracture risk in summer, probably because of 


outdoor activities. International evidence, especially from North America, suggests greater increase 


in risk in more extreme icy weather.135 


(5) Socio-demographic factors 


 


Rurality 


Despite a common assumption that rural populations are more likely to be at risk of cold exposure 


and hence of cold-related mortality and morbidity, the evidence for the UK and England in particular 


suggests no material difference in the vulnerability to cold by urban-rural status.  That was the 


conclusion of a 2002 study by Lawlor and colleagues,115 rating +/+, who examined the pattern of 


winter mortality in the South West Region of England, using data aggregated over a five year period 


1994–1998: there was no clear evidence of trend across quintile of population density (persons.km-2) 


in terms of the ‘seasonality ratio’ – the ratios being 116.32, 117.02,  117.10, 115.90, and 116.42 for 


each of the five quintiles of increasing population density (p-value for trend =0.3). 


More recent and statistically powerful time-series analyses using national (English) data linked to 


small-area markers of urban-rural status have also shown no clear evidence of association between 


rurality and cold-related mortality (Hajat et al 2013,16 rating ++/++, Hajat et al 2007,74, rating ++/++) 


or morbidity (hospital admission) (Hajat et al 201316). 


Morris and colleagues (2007), rating +/++, have provided indirect evidence of potential vulnerability 


for winter death in some rural areas of Northern Ireland, but the empirical evidence for this is 


weak.76 


Elsewhere, in a study in New Zealand, Hales and colleagues (2012), rating ++/+, using data of record 


linkage from five censuses, provide evidence that urban dwellers are at greater risk of excess winter 


death than those of rural areas,25 though it is unclear how those results would translate to England. 


However, in an ecological spatial analysis of data from Taiwan, Wu and colleagues (2011), rating +/+, 


found evidence that elevated cardiovascular mortalities after cold events were inversely associated 


with ‘medical resources availability and the degree of urbanisation’45 while in the US, Macey 


reported that “elders living in nonmetropolitan areas were disproportionately likely to suffer deaths 


from temperature-related causes”, though the analytical basis and interpretation of this result are 


somewhat unclear (rating +/+).149  


Overall, the evidence appears to be against greater vulnerability to winter- or cold-related 


mortality/morbidity in rural areas, especially in England which has some of the better empirical 


research, though the evidence base remains thin. 
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ES1.8 Summary evidence statement – rurality 


Seven studies consider issues of rurality, including 3 UK studies (2 from England, 1 ++ 16, 1 + 115 and 


1+ from Northern Ireland76). 4 others (all +) come from New Zealand,25 Taiwan45 49 and the US.149 


Overall, the evidence appears to be against greater vulnerability to winter- or cold-related 


mortality/morbidity in rural areas, especially in England which has some of the better empirical 


research, though the evidence base remains thin. 


 


Socio-economic status 


Evidence on the effect of socio-economic status in relation to excess winter mortality/morbidity is 


also mixed. 


Studies that provide the most robust and pertinent evidence for England suggest overall no greater 


risk among more deprived populations.  The recent time-series analysis of regional emergency 


hospital admissions data for England by Hajat and colleagues (2013), rating ++/++, found no  


evidence of effect modification of the cold-risk by area-level measures of deprivation.16  Indeed, in 


this analysis the most deprived quintile was associated with the lowest point estimate of cold-


related relative risk.   


This finding is broadly consistent with an earlier similar analysis by Hajat and colleagues,74, rating 


++/++,  of post-coded mortality data for England and Wales, 1993 and 2003, in which vulnerability to 


cold was found not to be modified by deprivation, except in rural populations where cold effects 


were slightly stronger in more deprived areas. 


Lack of gradient in cold risk with socio-economic deprivation was found also in earlier studies by 


Lawlor and colleagues.  In their 2000 analysis of data for Bradford,129 rating +/+, no clear pattern of 


trend was observed in age-standardized excess winter mortality in relation to enumeration district 


markers of socio-economic deprivation based on 1991 census-derived ‘Super Profile groups’.  In a 


subsequent analysis based on the data for a larger regional population of South West England 


(Lawlor et al 2002,115 rating +/+ ) no trend was observed in relation to the Townsend index of socio-


economic status, with the seasonality ratio having almost identical point estimates in the first and 


last quintile of deprivation (115.28 and 115.87 respectively, p-value for trend across quintiles = 0.6). 


115 115 An earlier study by Shah and Peacock (1999),133 rating +/+, of deaths of Croydon residents, 


1990-1995, also showed no evidence of a relation between age- and sex-standardised seasonality 


ratios and Townsend scores for all deaths, cardiovascular deaths or respiratory deaths, and no 


interaction between Townsend score and temperature in the model of ward mortality rates.  


These findings are in line with those of other analyses of data in England, including of a case-control 


study of social factors on winter hospital admission for respiratory disease based on data from 79 


general practices in central England (Jordan et al 2008,69 rating ++/++) and an analysis of mortality, 


1981 to 1999, and emergency hospital admissions, 1990 to 1999, in the South Yorkshire Coalfields 


Health Action Zone (Maheswaran et al 2004,102 rating +/+) where deprivation was again classified 


using the enumeration district Townsend index.  In a national (Great Britain) small-area analysis at 


electoral ward level of mortality in men and women aged 65 and over, between 1986 and 1996, 


Aylin and colleagues 2001,118 rating +/++, identified little association between winter mortality and 







55 


 


socio-economic deprivation.  A similar conclusion was reached by Watkins and colleagues 2001,123 


rating -/+, who  studied patterns of hospital admissions data for the Metropolitan Borough of 


Stockport, analysing winter and summer differences in ACORN-specific, age- and sex-standardized 


hospital admissions for ischaemic heart disease. In the latter study, the authors hypothesized that 


the lack of scoio-economic gradient may in part reflect the relatively high admission rates in the 


summer months for more deprived populations. 


Strong evidence for lack of socio-economic gradient in excess winter death comes from a population 


cohort study (119,389 person years of follow up) based on 106 general practices from the Medical 


Research Council trial of assessment and management of older people in Britain (Wilkinson et al 


2004,104 rating ++/++).  With control for individual level risk factors, there was no evidence that the 


winter:non-winter ratio of mortality varied in relation to socio-economic factors.  Similarly, a 2001 


report based on analysis of mortality data, 1986-1996, linked at postcode level  to the English House 


Conditions Survey (Wilkinson et al 2001,124 rating +/+), showed no evidence that the winter:non-


winter mortality ratio was related to socio-economic group.  Indeed, the point estimates of winter 


excess mortality were marginally greater in households where the head of household was from 


professional or managerial groups than they were in households where the head was a semi- or 


unskilled labourer, though this may in part reflect confounding by age (higher socio-economic 


groups have somewhat older populations).104 


Donaldson and Keatinge 2003,106 rating +/+, offered a more nuanced interpretation of socio-


economic patterns based on their analysis of cold related mortality, 1998–2000, in England and 


Wales at ages 65–74 and 50–59. These authors found that in men of working age (50–59), cold 


related mortality was low in social class V compared with that in any other social class, but that it 


was high in social class V in men of the retired age group (65–74). Moreover, in social class V, but not 


class I, cold mortality in men of working age was also low compared with women or housewives of 


the same class and age group. Their interpretation of these findings is that (working) manual 


labourers are in part protected against the effect of daytime cold stress by their physical activity, 


independently of the home environment and income. 


In Scotland, a tentative and limited correlation analysis based on the Scottish Index of Multiple 


Deprivation (SIMD), 94 rating -/-, has been used to suggest an association between excess winter 


death and deprivation, while a more sophisticated time-series regression analysis of seasonal 


variation in mortality in Scotland,  1981 and 1993 (Gemmell et al 2000,127 rating +/+), found little 


evidence of link to socio-economic status. In Ireland, Callaly et al,12 rating +/+, in an analysis of all 


emergency medical admissions to St James' Hospital, Dublin, 2002-2011,  found that although 


deprivation was a univariate and multivariate predictor of overall mortality, it was not related to 


seasonal variation. 


On the other hand, in a month by month analysis of all COPD admissions (ICD10 codes J40-J44 and 


J47) for 2001-2010 for all Scottish residents, McAllister and colleagues found evidence of stronger 


associations between low outdoor temperature and admission in the more deprived quintiles.17  In 


Canada, Bayentin and colleagues found evidence that the effects of meteorological variables on the 


daily admissions rate for ischaemic heart disease (IHD) were more pronounced in regions with high 


deprivation index.47 In the US, Curriero found that two indicators of socioeconomic status 


(percentage of persons without a high school education and percentage of those living in poverty) 
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were associated with increased mortality effects of high temperature, but not cold.114 Similarly, 


Madrigano and co-workers showed that persons living in areas with greater poverty were more 


susceptible to heat but (by implication, though not explicitly reported) not to cold,19 while Anderson 


and Bell, observed no variation in risk of cold mortality in relation to community level markers of 


income or unemployment.56 In a novel analysis of US individual death records, 1989 to 2006,  Rau 


and colleagues could not detect any noteworthy differences in the seasonality of  deaths from heart 


and respiratory disease in relation to socioeconomic group.54 


In New Zealand, Davie et al reported no evidence to suggest that patterns of EWM differed by 


ethnicity, region or local-area based deprivation level,73 though Hales and colleagues in their analysis 


of mortality data linked to records from five censuses, showed that after adjusting for age, sex, 


census year, ethnicity and tenure, those in the lowest tertile of income were at increased risk of 


winter death compared to those in the highest tertile (odds ratio 1.13 (95% CI 1.08 to 1.19)).25  In a 


spatial analysis of data for Taiwan, Chen provided evidence that the effects of meteorological 


variables on the daily IHD admissions rate were more pronounced in regions with high smoking 


prevalence and high deprivation index.49 


In contrast, the case crossover analysis by Wichmann and colleagues of hospital admissions for acute 


myocardial infarction in Copenhagen found that the highest SES group seemed to be more 


susceptible in the cold period.34 


As reported briefly above, in a cross-country analysis of excess winter death in 14 European 


countries, Healy showed an ecological association between country-level parameters of socio-


economic development (as well as of housing thermal efficiency) and (lower) risk of winter 


mortality.107 


Overall, notwithstanding some reports of links to socio-economic status, the most direct and secure 


evidence relevant for England suggests no appreciable socio-economic gradient in winter- or cold-


related risk. 


 


ES1.9 Summary evidence statement – socio-economic status 


26 studies look at socio-economic status. Of these, 15 are from the UK (12 from England/England 


and Wales (4 ++ 74 16 69, 7 + 128 102 124 118 115 129 133, 1 +/-123), 3+ from Scotland (127 17 94)). A further 4 are 


from the US (3++ 114 56 19, 1 + 47), 2 from New Zealand (1 + 25 73) and 1 each from Ireland,12 + Canada,47 


+ Taiwan,49 ++ Denmark,34 ++ and Europe.107+). 


4 studies provide evidence to suggest that deprived groups suffered greater effects of cold (25 49 47 
17),. 2 studies suggest a higher rate of admission for MI61 and risk of winter mortality107 in groups 


with higher measures of higher socioeconomic status or development. 1 study from England and 


Wales found a lower rate of mortality in working age men in social class V compared to other social 


classes.128 


Overall, notwithstanding some reports of links to socio-economic status, the most direct and secure 


evidence relevant for England 74 16 102 124 104 118  69 129 115 133 123 suggests no appreciable socio-


economic gradient in winter- or cold-related risk. 
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(6) Housing factors including fuel poverty 


 
There is limited robust evidence on the relationship between housing factors and winter- or cold-


related mortality and morbidity in large part because of the large sample size needed to test housing 


as a an effect modifier of the winter/non-winter ratio in mortality or morbidity.  


 


(i) Central heating 


Among UK research, an early ecological study of seasonal mortality, 1986-1996, in men and women 


aged 65 and over by Aylin and colleagues118 was based on ward-level data for Great Britain.  Their 


analyses suggested that lack of central heating was associated with a higher risk of dying in winter 


(odds ratio = 1.016 (1.009, 1.022). These authors noted that selected housing variables derived from 


the English House Condition Survey showed little agreement with census-derived variables at 


electoral ward level.  Subsequently, Wilkinson and colleagues,124 linked data from the English House 


Conditions Survey to mortality statistics and observed a modest but not statistically significant 


difference in excess winter death in those without central heating. 


In the US, Curriero et al114  undertook time-series analyses of the association between temperature 


and mortality for 11 large eastern US cities, 1973–1994, and explored city-level (ecological) 


characteristics associated with variations in this temperature-mortality relation.  Although not 


statistically significant, the percentage of homes with heating was associated with a reduction in the 


steepness of the cold slope, but this (interaction) effect was more substantially attenuated after 


additional controlled for latitude (since heating is strongly correlated with latitude).  


ES1.10 Summary evidence statement – central heating 


Three studies (1 + UK,118 124  1 ++ US17) looked at the association of heating or central heating with 


health. Using ward level data Aylin118 found a higher risk of dying in winter with lack of central 


heating (OR 1.016, 1.009, 1.022). A small excess was also obsewrved in a study by Wilkinson et al 


2001,124 (+). Curriero17 found a non-significant reduction in the steepness of the slope relating 


temperature and mortality across 11 eastern US cities. This interaction was reduced when latitude 


was controlled for. 


 


(ii) House conditions, including thermal efficiency, temperature and fuel poverty 


The 2001 study by Wilkinson and colleagues124 provides relatively detailed evidence relating excess 


winter death to housing conditions.  It examined seasonal mortality in England, 1986-1996, with 


death records linked by postcode of residence (14 households per postcode) to data from the 1991 


English House Conditions Survey. Among its chief findings were that: 


 The ratio of winter:non-winter mortality was slightly higher in properties with poorer energy 


efficiency as measured by the Standard Assessment Procedure (SAP) rating 


 There was evidence of a clear gradient of risk of excess winter death with age of property, 


with people living in dwellings with a more recent build date having lower risk than those 
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living in older dwellings.  Age of property has a strong correlation with standards of energy 


efficiency.  A key result of the multivariable analyses is given below: 


Multi-variable analyses of the risk of Excess Winter Death in relation to property age (adjusted 


for age, sex, socio-economic group and presence of central heating): 


Property age   Relative risk for EWD 


Pre 1850   1 


1850-99   0.97 (0.83 – 1.12) 
1900-18   0.93 (0.80 – 1.09) 
1919-44   0.96 (0.83 – 1.11) 
1945-64   0.96 (0.83 – 1.11) 
1965-80   0.87 (0.75 – 1.01) 
Post 1980   0.82 (0.68 – 0.98) 


       (p=0.001 for trend) 
 
Table 3.  Extract of data from Wilkinson et al 2001.124  Multivariable adjusted risks of excess 
winter death in relation to property age. 
 


 There was evidence of a trend in the ratio of winter:non-winter mortality in relation to 


indoor temperature.  Indoor temperature estimates (usually for only one dwelling per 


postcode) were based on a ‘standardization’ procedure of simultaneous spot indoor and 


outdoor measurements in which an adjusted indoor temperature was estimated through a 


regression approach: the mid-afternoon temperature on a day with maximum outdoor 


temperature of 5 degrees Celsius – referred to as the Standardized Indoor Temperature 


(SIT). In unadjusted analyses, the seasonal increase in mortality in homes in the quartile with 


lowest SITs was 1.20 (1.09, 1.32) times that of in homes in the warmest quartile of SITs 


(p=0.002 for trend). 


In further analyses, daily time series methods were used to characterize the steepness of the (low) 


temperature-mortality relationship in relation to the Standardized Indoor Temperature. This showed 


that the relationship between outdoor temperature and mortality was steeper among residents of 


homes with low SITs than among those living in warmer homers, i.e. for each degree Celsius fall in 


outdoor temperature, the percentage rise in mortality was greater in those living in cold homes (low 


SITs) compared with those living in warm homes (high SITs). 


Other evidence from this study (Tables 4, 5 & especially 6 from Wilkinson et al 2001124) showed that 


multi-variable adjusted determinants of (standardized) low indoor temperatures included: size of 


household (warmer in larger families, 0.5 deg C range of temperature differences between warmest 


and coolest in relation to household size); property age (strong effect, older properties colder: range 


of temperature difference 1.2 deg C); absence of central heating (strong effect: temperature 


difference 1.1 deg C); dissatisfaction with heating system (very strong effect: range of temperature 


difference 1.8 deg C (most vs least satisfied)); and minimum standardized heating costs (strong 


effect: range of temperature difference 1.1 deg C).  Variation of temperatures in relation to 


household income was fairly modest – only 0.25 degree Celsius difference between the lowest and 


highest quartile of income. 
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People in social or local authority housing tend to have low standardized heating costs124 compared 


with owner occupiers or those in privately rented accommodation, and comparatively high 


estimated Standardized Indoor Temperatures, probably because of newer more energy efficient 


stock and the higher frequncy of flats and dwellings sharing communal heating systems.  But those 


in social or local authority housing (and those with low household income) showed greater decline in 


SITs as standardized heating costs rose. 


The same group subsequently published a study based on an analysis of data from a cohort of 


elderly people from 106 general practices in the Medical Research Council trial of assessment and 


management of older people in Britain.104  There was little evidence that the ratio of winter:non-


winter mortality varied by geographical region, age, or any of the personal, socioeconomic, or 


clinical factors examined except for gender and self-reported history of respiratory illness (see 


above).  More specifically, in relation to housing/indoor environment, there was no evidence that 


the winter:non-winter ratio of mortality was higher in those who lived alone (OR 0.94 (0.88 to 1.02)), 


or who reported difficulty making ends meet (OR 0.96 (0.88, 1.06)) or difficulty keeping the house 


warm (‘sometimes:’ OR 0.98 (0.87 to 1.11), ‘often:’  OR 1.14 (0.89 to 1.46)). 


In 2002, Mitchell and colleagues presented an analysis of data from cross-sectional observational 


studies from 5663 participants of the Health and Lifestyle Survey (HALS) to examine the relationship 


between exposure to colder climate and housing quality, and second the relationship of colder 


climate and housing quality with risk of hypertension.116  They reported that people in colder areas 


are more likely to live in poor quality housing and that the combination of colder climate plus 


residence in worse quality housing raises significantly the risk of diastolic hypertension (OR 1.45, 


95% CI 1.18, 1.77) and, more weakly, systolic hypertension (1.25, 95% CI 1.01, 1.53). 


A similar more recent study by De Vries and Blane14 examined the inter-relationship between 


climate, fuel poverty and health, using individual data (n = 7160) on respiratory health, 


hypertension, depressive symptoms and self-rated health derived from the 2008/09 wave of the 


English Longitudinal Study of Ageing.  These data were linked to weather data for 89 English counties 


and unitary authorities. In multilevel regression models they report that variation in individual risk of 


fuel poverty was not explained by variations in average temperature (climate), but that fuel poverty 


was significantly related to worse health for two of the four health outcomes  studied (respiratory 


health and depressive symptoms).  In models without terms for climate interaction, the coefficient 


for the difference in peak expiratory flow in people living in fuel poverty was -9.22 (-16.8, -1.61) 


l/min; and the odds ratio for depression 1.37 (1.17, 1.61). 


In a relatred analysis, Webb et al.23 also report a study on housing conditions and respiratory health 


using data from the second wave of the English Longitudinal Study of Ageing. The measure of fuel 


poverty was based on the proportion of the total annual net household income respondents 


reported spending on fuel (including electricity, gas, solid fuel and all other fuels).  Multivariate 


regression methods were used to test the associations of housing factors with respiratory health 


while accounting for the potential effect of other factors, including social class, previous life-course 


housing conditions and childhood respiratory health. The authors found that older people who were 


in fuel poverty had significantly worse respiratory health as measured by peak expiratory flow rates: 


difference in peak expiratory flow (PEF) in the fully adjusted model −8.79* (−16.46, −1.11) l/min. But 
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after accounting for the same covariates, fuel poverty had no association with other measures of 


respiratory health (forced expiratory volume in 1 second, forced vital capacity and presence of 


obstructive defect). 


Rudge and Gilchrist reported a small area ecological study of the variation in the winter excess of 


emergency hospital episodes for all respiratory diagnosis codes in the London Borough of 


Newham.97 This was a population-based study of 25,000 residents aged >or=65 years using on 


Hospital Episode Statistics data, 1993-1997, anonymized at enumeration district (ED) level (average 


of 220 households, or 460 persons per ED).  The excess winter morbidity ratio (for emergency 


hospital admission) was examined in relation to an ED-level composite marker of Fuel Poverty Risk 


(FPR) based on the following factors: 


• low income: households receiving Council Tax Benefit (LBN data), this benefit being 


available to householders of all tenures; 


• age: households including pensioners (1991 Census*);  


• poor housing: extent of homes with energy efficiency ratings below the 1991 national 


average; 


• under-occupation (where small households occupy relatively large homes for their needs): 


from combined Census variables: households of one or two persons only and households 


with ≥5 rooms. 


Using FPR as a two-level factor (high and non-high), their analysis provides odds ratios for higher 


winter/summer ratios in relation to the FPR binary variable for two of four years studied: 1993 OR 


1.7 (1.1, 2.7) and 1996, OR 1.6 (0.9, 2.8).  In a regression with grouped EDs, having allowed for FPR, 


no other variables contribute to the difference between winter and summer morbidity counts.  This 


analysis did not adjust for possibly confounding modifiers, in particular age, but given the analysis is 


based on those aged 65+, the FPR results are probably still largely robust. 


A study based on two questionnaire surveys of residents in social housing in Torbay, Devon, 2000 


and 2001, investigated relationships between home characteristics and respondent health.111 The 


questionnaire elicited information on both the physical conditions in the house or flat and the 


physical and mental health of its occupants.  Although univariate associations were observed 


between housing characteristics reflecting aspects of energy inefficiency (cold home, dampness, 


mould) and selected illnesses, in multivariable analyses, none of these housing conditions were 


clearly associated with any of the major physical conditions or minor illnesses analysed, with the 


exception of the General Health Questionnaire (GHQ) score in relation to mould (but not cold).  


In a study of relatively deprived households in North East England based on a survey in 2000 and a 


follow-up in 2001, respondent-assessed health and health behaviours and administered SF36 health 


questionnaire score were analysed in relation to measures of energy efficiency (SAP rating) and 


satisfaction with home heating among other parameters.93 Respondent health was significantly and 


independently associated with lower satisfaction with home heating and worse SAP rating.  In the 


full logistic regression model, a unit decrease (worsening) in SAP score was associated with a 1.03 


(1.01-1.05) odds of having poorer respondent-assessed health. 


Other research, based on the Family and Children Study, entailed the annual follow-up of a sample 


of English children (n=6431 followed up annually), 2001 to 2005, using caregiver interviews for 
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children under 11-years and self-completed questionnaires for adolescents. 66  The study focused on 


the relationship between poor housing including ‘inadequate heating,’ and child health. This study 


found that the longer children live in ‘bad housing,’ the greater the frequency of a range of adverse 


outcomes.  In relation to inadequate heating, two notable findings were: that the percentage of 


children with chest, breathing, asthma or bronchitis problems increased with the number of years 


they had lived in an inadequately heated home (3-5 years 15%, 1-2 years 11%, 0 years 7%), as did 


the percentage of children with four or more negative “Every Child Matters” (ECM) outcomes (3-5 


years: 28%, 1-2 years: 9%, 0 years: 4%).  These associations may reflect broader socio-economic 


associations.  


A non-intervention observational study which examined mental health in relation to measures of 


fuel poverty was based on secondary analysis of data from the Adult Psychiatric Morbidity Survey 


2006/7 (APMS).51  A key outcome was that of common mental disorder (CMD), classified on the basis 


of the Clinical Interview Schedule - Revised (CIS-R), which was related to measures of fuel poverty as 


indicated by whether the respondent reported being thermally comfortable and of having fuel-


related financial strain. Among those who said worry about cost meant that they had used less fuel 


than was necessary to heat the home in the past year there was increased prevalence of CMD (OR 


1.77 (1.46, 2.16)); and likewise among those who reported a cold home (or unable keep their home 


warm enough in winter) (OR 1.85 (1.33, 2.58).  (Presence of mould, though not directly a fuel 


poverty measure, was also associated with CMD and with physical health condition in last year.) 


A cross-sectional observational study by Osman and colleagues70 concentrated on patients with 


chronic obstructive pulmonary disease (COPD) living in their own homes. Living room (LR) and 


bedroom (BR) temperatures were measured at 30 min intervals over 1 week using electronic 


dataloggers, and patients’ health status measured with the St George's Respiratory Questionnaire 


(SGRQ) and EuroQol: EQ VAS. Of the 148 patients who consented to temperature monitoring, poorer 


respiratory health status was significantly associated (P = 0.01) with fewer days with 9 h of warmth 


at 21 degrees Celsius in the living room (independently of age, lung function, smoking and outdoor 


temperatures).  Bedroom temperatures with at least 9 h at 18C and living room total hours of 


warmth at 21C showed a trend to association but were not significant at the required 0.01 level. 


There was no clear evidence of association with measures of indoor temperature for activity 


limitation scores, impact score or EQ visual analogue scores.  


Studies of winter death that have made multi-country comparisons within Europe have included the 


previously mentioned studies of the Eurowinter Group. 128 142 Their evidence in relation to housing 


suggests that, especially for the oldest groups studied (those aged 65-74), high levels of protection 


against indoor and outdoor cold at given outdoor temperatures were found mainly in countries with 


cold winters, and were associated with low levels of excess mortality at a given level of outdoor cold. 


Regions such as London that had poor protection against cold and/or high baseline mortalities had 


higher levels of winter excess mortality than expected for the coldness of their winters.128  Although 


indirect associations, their findings suggest various cold-exposure markers (standardized to 


conditions of 7 degrees Celsius mean daily temperature) are related to cold-related mortality from 


all causes, ischaemic heart disease, respiratory disease and, to lesser extent, cardiovascular disease. 


In relation to the indoor environment, bedroom heating of >= 4 hours/d and living room 
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temperature were both associated with (lower risk of) cold-related all-cause mortality (coefficients 


of -0.8 (p=0.002) and -0.3 (p<0.001) respectively). 


These data broadly fit with the ecological analyses of the coefficient of seasonal variation in 


mortality (CSVM) in 14 European countries undertaken by Healy.107  This study reports moderate 


associations (in inter-country comparisons) between the CSVM and measures of thermal efficiency, 


including significant associations for cavity wall insulation, double glazing, and floor insulation 


(regression model results for CSVM on country level markers of: cavity wall β=-2.56, p=0.02; double 


glazing β=-0.31, p=0.02, but floor insulation β=1.01, p=0.03). 


Other European comparative data come from the LARES Survey (Large analysis and Review of 


European Housing and Health Status) coordinated by the World Health Organization European Office 


for Environment and Health. This surveyed the condition of 3373 dwellings and the health status of 


their 8519 inhabitants in eight European cities: Angers (F), Bonn (D), Bratislava (SK), Budapest (HU), 


Ferreira do Alentejo (POR), Forli (IT), Geneva (CH), Vilnius (LT) (approximately 400 dwellings, 1000 


inhabitants per city).  Analyses by Croxford58 focused on the association of cold homes with selected 


outcomes, with four variables used as indicators of poor hygrothermal conditions: reported cold in 


winter; dissatisfaction with insulation; dissatisfaction with heating system; dissatisfaction with 


draughts. The analyses were based on prevalence data rather than on seasonal variations in health, 


and the nature of confounder adjustment was not clear. However in multivariable logistic regression 


models associations were reported as follows: respiratory symptoms in children were 2.1 ( 1.0, 4.38) 


times more prevalent if dissatisfied with heating system and 4 times less prevalent (OR=0.25 (CI 


0.13-0.49) if dissatisfied with draughts; and in seniors respiratory symptoms were 1.97 times more 


prevalent if house cold in winter (OR:1.97, CI:1.03-3.76) and 2.39 times more prevalent if dissatisfied 


with insulation (OR:2.39, CI:1.07-5.36). Arthirtis symptoms (in seniors) were 1.92 times more 


prevalent if the house was cold in winter (OR:1.92, CI:1.16-3.16).  And belief that mental health 


problems are related to dwelling was less prevalent in children if dissatisfied with insulation 


(OR:0.13, CI:0.02-0.99), and more prevalent in adults if the house cold in winter  (OR:1.79, CI:1.07-


2.98), they were dissatisfied with insulation (OR:1.67, CI:1-2.81); or dissatisfied with heating system 


(OR:1.82, CI:1.14-2.91).  There were no reported associations for cardiovascular problems. 


ES1.11 Summary evidence statement – housing conditions including thermal efficiency 


6 UK studies (1 + Great Britain-wide,116 5 England (1 ++ 104 2+ 124 66, 2- 111 93) and 2 comparative 


studies across Europe107 (+) 58(+/-) looked at various aspects of housing conditions. Wilkinson124 


found a slightly higher ratio of winter:non-winter deaths in houses with poorer SAP ratings and a 


study in North East England93 found a significant and independent association with respondent-


assessed health and poorer SAP ratings and lower satisfaction with home heating. Wilkinson also 


found a clear gradient of risk of EWD in relation to property age (p=0.001 for trend). The 


combination of colder climate and residence in worse quality housing significantly raised the risk of 


diastolic (OR 1.45; 1.18, 1.77) and systolic (1.25; 1.01,1.53) hypertension.116 In children,66 the longer 


a child lives in ‘bad housing’ the greater the frequency of a range of adverse outcomes, notably 


chest, breathing, asthma or bronchitis (3-5yrs 15%, 1-2 yrs 11%, 0 years 7%) and 4 or more negative 


‘Every Child Matters’ outcomes (3-5 yrs 28%, 1-2 yrs 9%, 0 yrs 4%). The authors note these 


associations may reflect broader socio-economic associations. A study in Torbay111 found univariate 
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associations between housing characteristics reflecting energy inefficiency and selected illnesses but 


no clear associations between housing conditions and major physical conditions or minor illnesses in 


multivariate analyses (with the exception of GHQ in relation to mould). A study of older people in 


Britain104 (++) found no evidence of higher winter:non-winter mortality in those who lived alone (OR 


0.96; 0.88, 1.06), who reported difficulty in making ends meet (OR 0.98; 0.97, 1.11) or difficulty in 


keeping the house warm (‘sometimes’: OR 0.98; 0.87, 1.11; ‘often’: 1.14; 0.89, 1.46). 


An ecological analysis of the coefficient of seasonal variation in mortality in 14 European countries107 


(+) found moderate associations with measures of thermal efficiency, including significant 


associations for cavity wall insulation (β=-2.56, p=0.02), double glazing (β=-0.31, p=0.02) and floor 


insulation (β=1.01, p=0.03). An analysis of prevalence of selected outcomes with 4 variables used as 


indicators of poor hygrothermal conditions58 found respiratory symptoms 2.1 times (1.0, 4.38) more 


prevalent in children if dissatisfied with heating systems and 4 times (0.13, 0.49) less prevalent if 


dissatisfied with draughts; in seniors respiratory symptoms were 1.97 (1.03, 3.76) times more 


prevalent if the house was cold in winter and 2.39 (1.07, 5.36) if dissatisfied with insulation. Arthritis 


symptoms in seniors were 1.92 (1.16, 3.16) times more prevalent if the house was cold in winter. 


Belief that mental health problems were less prevalent in children if dissatisfied with insulation (OR 


0.13; 0.02, 0.99) but more prevalent in adults if the house was cold in winter (1.79; 1.07, 2.98), if 


they were dissatisfied with insulation (1.67; 1.0, 2.81) or dissatisfied with the heating system (1.82; 


1.14, 2.91). 


ES1.12 Summary evidence statement – fuel poverty 


4 English studies examine aspects of fuel poverty (2 ++51 97 and 2+ 23 14) which consider respiratory 


and mental health conditions. A study of emergency hospital episodes for respiratory diagnoses 


from Newham97 found an association with a composite fuel poverty risk measure for 2 of 4 years 


studied: 1993 (OR 1.7; 1.1, 2.7) and 1996 (OR 1.6; 0.9, 2.8). Two other studies found significant 


differences in peak expiratory flow with measures of fuel poverty. One study, from the English 


Longitudinal Study of Ageing,14 found a difference of -9.22 (-16.8, -1.61)l/min. The other, also from 


the English Longitudinal Study of Ageing, found that older people in fuel poverty had significantly 


worse peak expiratory flow (-8.79; -16.46, -1.11)l/min.23 


For mental health outcomes, De Vries and Blane14 found an odds ratio for depression of 1.37 (1.17, 


1.61). A study using the Adult Psychiatric Morbidity Survey 2006/751 found increased prevalence of 


common mental disorder of 1.77 (1.46, 2.16) in those who said worry had meant they used less fuel 


than necessary to heat the home and 1.85 (1.33, 2.58) in those who reported a cold home (or unable 


to keep their home warm enough in winter). 


ES1.13 Summary evidence statement – temperature 


Four + studies (2 from England124 70 2 European comparisons128 142) provide information on home 


temperature and health outcomes. Indirect associations from the Eurowinter Group128 142 suggest 


various cold-exposure markers (standardized to conditions of 7o C mean daily temperature) are 


related to cold-related mortality from all causes, ischaemic heart disease, respiratory disease and, to 


lesser extent, cardiovascular disease. In relation to the indoor environment, bedroom heating of >= 


4 hours/d and living room temperature were both associated with (lower risk of) cold-related all-
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cause mortality (coefficients of -0.8 (p=0.002) and -0.3 (p<0.001) respectively). Studies from England 


found, in unadjusted analyses, the seasonal increase in mortality in homes in the quartile with 


lowest SITs was 1.20 (1.09, 1.32) times that of in homes in the warmest quartile of SITs (p=0.002 for 


trend) and that the relationship between outdoor temperature and mortality was steeper among 


residents of homes with low SITs than among those living in warmer homers, i.e. for each degree 


Celsius fall in outdoor temperature, the percentage rise in mortality was greater in those living in 


cold homes (low SITs) compared with those living in warm homes (high SITs).124 A cross sectional 


study of patients with COPD patients in Scotland found poor respiratory health status was 


significantly associated (P = 0.01) with fewer days with 9 h of warmth at 210C in the living room 


(independently of age, lung function, smoking and outdoor temperatures).70  Bedroom temperatures 


with at least 9 h at 180C and living room total hours of warmth at 210C showed a trend to association 


but were not significant at the required 0.01 level. There was no clear evidence of association with 


measures of indoor temperature for activity limitation scores, impact score or EQ visual analogue 


scores. Patients who were continuing smokers were more vulnerable to reduction in warmth. 


 


(iii) Housing tenure 


Various studies have reported variations in risk in relation to housing tenure (as distinct from 


housing quality).  The evidence has been reported above (Wilkinson et al 2001124 (+)) about the 


comparison of home heating and standardized heating costs which tend to be lower in the more 


recent build dwellings in the social/local authority sector. 


Studies from New Zealand reported greater risk of winter death in renter vs owner occupier 


households OR 1.05 (95% CI 1.01, 1.10),25 a another from the UK reports poorer respiratory function 


in non-owner households,23 and greater risk of common mental disorder in social renting 


households.23  A study from France31 points to higher risk of excess winter death among residents of 


nursing homes.  In England and Wales the risk among nursing home residents for cold death appears 


not to be higher than among the general elderly population, though it is relatively high for heat 


risk.74 


ES1.14 Summary evidence statement -- housing tenure 


5 studies consider some aspect of housing tenure (3 from England, 1 ++74 23, 1 +124 , from New 


Zealand25 (+) and from France (+).  Studies from England124 suggest that people in social or local 


authority housing tend to have lower standardised heating costs (and higher standardised indoor 


temperatures) compared to owner occupiers or those in private rented accommodation, and 


another suggest poorer respiratory function.23 They also show a greater decline in SIT as 


standardised heating costs rise. 2 studies provide mixed evidence on risk among residents of nursing 


homes. An English study74 found no greater risk of cold related death among nursing home residents 


compared to other elderly populations (but a relatively high heat risk) while a study from France31 


found a higher risk among residents of nursing homes. A New Zealand study suggests greater risk of 


winter death (OR 1.05; 1.01, 1.1),25 poorer respiratory function in non-owner households and 


greater risk of common mental disorders in social renting households.89  
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(iv) Expenditure trade-off 


A further insight from the US relates to the issue of the trade-off between expenditure on heating 


and on food.80  In the Children’s Sentinel Nutrition Assessment Project from June 1998 to December 


2004, caregivers with children 3 years of age in 2 emergency departments and 3 primary care clinics 


in 5 urban sites participated in cross-sectional surveys regarding household demographics, child’s 


lifetime history of hospitalizations, and, for the past 12 months, household public assistance 


program participation and household food insecurity, measured by the US Food Security Scale. It 


examined the influence of the Low Income Home Energy Assistance Program (LIHEAP) which is 


aimed at providing financial support for home heating, medically necessary home cooling, and 


weather-related supply shortage emergencies (targeted at “vulnerable households with the highest 


home energy needs” defined as those including an individual with disabilities, a frail elder, or one 


member who is a young child). It served nearly 5 million US households in 2004 with average 


household income less than $8000 a year. After control for potential confounding variables, 


including receipt of other means-tested programs, children in households not receiving the Low 


Income Home Energy Assistance Program had greater adjusted odds of being at aggregate 


nutritional risk for growth problems, defined as children with weight-for-age below the 5th 


percentile or weight-for-height below the 10th percentile.   


ES1.15 Summary evidence statement – expenditure trade-offs 


One US study80 (+) considered the issue of trade-off between expenditure on heating and on food. 


After control for potential confounding variables, including receipt of other means-tested programs, 


children in households not receiving the Low Income Home Energy Assistance Program had greater 


adjusted odds of being at aggregate nutritional risk for growth problems, defined as children with 


weight-for-age below the 5th percentile or weight-for-height below the 10th percentile.   


 


 


Summary 


 Which subpopulations are more vulnerable to cold temperatures and poorly heated or 
expensive-to-heat homes? 


 


The evidence above shows that those vulnerable to the adverse health effects of cold temperatures 


are quite widely distributed in the population, but are predominantly the elderly population, with 


small additional risks in women (versus men).  Anyone vulnerable to almost any underlying medical 


condition is at risk, but especially those with (or at risk of) respiratory and cardiovascular diseases.  


The risk of falls during periods of low temperature or inclement weather (especially freezing 


conditions) appears to increase, especially for working age groups. There is little evidence on which 


to base the assessment of risk in relation to ethnicity. Rural populations appear to be a little more at 


risk than urban populations, and socio-economic gradients appear to be shallow. There is some 


evidence that people living in energy inefficient and thus hard to heat homes are at greater 
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vulnerability to cold-related impacts, including (cardiovascular) mortality, respiratory illness and 


common mental disorder.  


People living in poorly heated or expensive to heat homes include those living in less energy-efficient 


older properties, commonly in the owner occupier or privately rented sector. Although there are 


appreciable numbers of hard to heat homes in social and local authority housing, in general such 


housing has better than average energy efficiency characteristics. 


 


 What factors contribute to vulnerability and how do these factors interact with each other? 


The factors contributing to vulnerability to winter- and cold-related mortality/morbidity are 


indicated above.  There is insufficient evidence to make a clear quantitative assessment of the 


relative contributions of different personal and housing-related risk factors, but it would be 


reasonable to assume broadly multiplicative risks i.e. that, for example, the relative risk associated 


with inefficient housing would multiply the relative risks associated with individual personal 


characteristics such as age and sex. Where individual factors combine, therefore, a starting 


assumption would be that the joint risk could be represented by the product of the relative risks 


associated with each individual factor. Some individual factors will tend to cluster (e.g. age, sex and 


pre-existing illness), but there appears to be relatively weak association between personal factors 


and housing quality. 


 


 


Quality of quantitative studies 
 


The studies included in this review were quite varied in terms of their design, specific research focus 


and settings, and also in their quality. Many of the studies included were not specifically designed to 


test questions of vulnerability to excess winter mortality/morbidity, which adds to the difficulty of 


interpreting their evidence. 


The nature of the question itself (vulnerability to winter-/cold-related mortality/morbidity) poses 


particular epidemiological challenges as it requires study of effect modification in the seasonal 


variation in outcomes or in cold-attributable outcomes. This places additional demands on 


epidemiological designs and statistical power, and it is for this reason that in many areas there is a 


paucity of high-quality research studies, particularly in areas with ’hard’ outcomes such as mortality 


and hospital admission. Thus, while there are many very good quality time-series studies based on 


state-of-the-art methods that provide fairly robust evidence about temperature-response 


relationships for a range of disease outcomes, their evidence is often more limited in relation to 


effect modifiers that may be tested using simple ecological parameters (e.g. the use of city 


characteristics to test variation in the slope of temperature-mortality functions). 


In relation to housing and fuel poverty, a common difficulty is the wide range of correlated potential 


explanatory factors and the complexity of ensuring adequate control of confounding. There are 


usually strong correlations between housing quality, socio-economic circumstances and a wide 
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range of social variables all of which have potential bearing on health outcomes. Moreover, in 


relation to housing studies, it is seldom that studies are designed specifically to look at winter-


related problems rather than the relationship between housing quality and health in general. For 


this review, our primary interest is in the energy efficiency of housing and the degree to which the 


indoor environment during cold winter months influences health, rather than the broader issue of 


how health may be influenced by dampness and mould for example (even though mould may in part 


be a function of low indoor temperatures). Few studies have the requisite data or the very specific 


analytical focus to answer such questions directly.  


For this reason, much of the evidence base is somewhat indirect and its quality more limited than 


desirable. 


 


Findings into context 
 
The findings of this review provide evidence on the role of individual and other characteristics in 


determining vulnerability to winter-/cold-related mortality and morbidity. The evidence is fairly 


robust and clear in relation to such factors as age and sex, but rather less clear and somewhat 


counterintuitive (or at least against common assumption) in relation to such factors as rurality and 


low socio-economic status (for which the evidence is equivocal or broadly negative that they 


contribute to vulnerability). In other areas, the evidence is too limited or contradictory to draw firm 


conclusions (e.g. in relation to selected child health outcomes). 


Nonetheless, the findings do support the widely held notion that England has a substantial burden of 


mortality and morbidity attributable to seasonal factors and/or the specific effects of low 


temperature. This is a burden that appears to be higher than it need be given comparisons with 


some other European countries and the evidence of its decline over time which presumably reflects 


the effect of a range of social, economic and health-related improvements.    


The review’s evidence therefore lends support to the wide array of initiatives at local and national 


level that attempt to reduce excess winter death and morbidity through different forms of 


intervention. However, the findings suggest that the risk of excess winter deaths and morbidity is 


quite widely distributed in the population and not very heavily concentrated in a relatively small 


population subgroup in fuel poverty or only in people with specific forms of underlying illness.  


 


Implications of findings 
 
The review has identified a number of demographic and other characteristics to be associated with 


risk of winter-/cold-related mortality and morbidity. They include age (risk is generally highest at 


older ages, with less clear but suggestive evidence for selected child outcomes), female gender, and 


risks in relation to a wide range of disease outcomes, especially cardiorespiratory illnesses 


(presumably reflecting the fact that vulnerability arises in relation to a wide range of underlying 


medical conditions). 
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The fact that the evidence is unclear in relation to socio-economic deprivation and to some extent 


even fuel poverty, means that intervention strategies that are aimed only at low income and fuel 


poor households will not address a substantial part of the population burden of winter- and cold-


related mortality/morbidity.  An absent or shallow socio-economic gradient implies that the burden 


of winter-/cold-related mortality morbidity is relatively widely distributed across social strata and 


hence is unlikely to be mainly a function of (fuel) poverty, even if fuel poverty is an important factor.  


The limited evidence about any greater risk in rural areas has evident bearing on the gepgraphical 


targeting of prevention strategies, given the appreciable burdens in in urban settings. 


The importance of the energy efficiency of housing -- a physical determinant of average indoor 


temperatures during cold weather -- is a somewhat different factor from that of fuel poverty.  There 


is limited direct and indirect evidence that it is an important determinant of vulnerability to the 


adverse health consequences of cold, which fits with broader understanding of likely patho-


physiological pathways.  Comparisons with populations elsewhere in Europe, especially Scandinavia, 


suggests that vulnerability to the effects of outdoor cold would likely be reduced by improvement in 


the thermal properties of housing.  Although not a focus of this review, it is relevant to note that 


interventions in home energy efficiency are targets for action in pursuit of climate change mitigation 


(by helping to reduce energy use in dwellings) and energy security objectives. 


 


Limitations of the evidence and gaps 
 
As mentioned below, this review considered evidence only from quantitative studies and has 


excluded interventions. It therefore has not included all forms of evidence relevant to the question 


of vulnerability to excess winter mortality/morbidity. 


In nearly all areas it would be desirable to have more and higher quality research evidence, which 


remains limited for most questions. In particular it would be desirable to have additional evidence 


on: 


• the effect of housing quality as determinants of cold-related adverse health outcomes 


• the interaction of socio—economic deprivation and fuel poverty with other potential 


determinants of vulnerability 


• evidence in relation to child health 


• impacts of fuel poverty/poor housing on mental well-being 


 
 


Limitations of the review and potential impact on findings 
 
This review was limited to quantitative non-intervention related observational studies. Evidence 


from intervention studies, including qualitative research, will be considered in a subsequent review. 


Such evidence from intervention studies may provide further insight into issues of vulnerability to 


seasonal and cold-related mortality/morbidity, in particular in relation to housing factors and their 


influence on disease symptoms and mental health status. 
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A limitation of the review was the need to apply a very restrictive interpretation of the inclusion 


criteria, specifically limiting the selection of papers to studies that had a very direct and specific 


focus on variations in risk (effect modification) of seasonal or temperature-related 


mortality/morbidity. A great many more studies than were included report research on seasonal 


variations in health and their relation to weather variables, and it could be argued that all such 


studies contribute in some measure to our understanding of vulnerability to seasonal- and cold-


related outcomes.  However, we applied a narrow interpretation for reasons of practicality and to 


help achieve relatively clear focus.  It is likely that other reviewers would identify a somewhat 


different set of studies for inclusion from among the relatively large potential pool identified 


through the search strategy – because of the sometimes subtle distinction between a study which 


merely reports seasonal or temperature effects (which alone was not sufficient for inclusion) from 


ones which consider the issue of vulnerability directly.  Of particular note we did not include studies 


of a specific cause-of-death if they did not also address an issue of vulnerability – implying variation 


with regard to personal characteristics etc.  The two independent reviewers identified appreciably 


larger lists of abstracts for further consideration for inclusion but then applied a relatively narrow 


definition. 


Limiting the review to papers from OECD countries is unlikely to have excluded much literature 


relevant to England given that vulnerability factors are likely to be somewhat specific to the level of 


economic development and climatic pattern. Factors such as housing are likely to be quite location 


specific, for which English or at least UK data are therefore much more important. However, data 


from other countries, and especially international comparison data, are likely to be informative with 


regard to general patterns of association (e.g. between energy efficeiincy and temperature-related 


impacts).  


Limiting the review to publication from 1993 onwards has excluded some relevant past literature. 


However, the importance of particular determinants of seasonal and cold-related 


mortality/morbidity, for example housing quality, is almost certain to be changing over time, and it is 


appropriate to concentrate on literature from more recent years. 


It is a limitation that the research question was itself very broad and thus the relevant literature very 


heterogeneous, which precluded formal meta-analysis. 


 


4 Conclusions 
 


 There is consistent evidence from multiple studies of substantial seasonality of mortality and 


morbidity in England.  Time series studies provide strong consistent evidence that exposure to 


low ambient temperature is one of the key factors driving such seasonality, with clear low 


temperature-response functions for many disease outcomes, especially cardio-respiratory 


mortality/morbidity. 


 The degree of seasonal fluctuation in mortality/morbidity and the strength of association with 


low outdoor temperature, appears to be greater in England than it is in Scandinavia and selected 


countries of the northern continental Europe. Correlation studies suggest that the seasonal and 
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cold-related excess of mortality/morbidity is lower in settings that have greater protection 


against low outdoor temperatures because of better thermal efficiency standards of housing 


and the thermal quality of clothing worn by the population. 


 There has been a progressive reduction in vulnerability to seasonal- and cold-related mortality in 


England over many decades.  Although the evidence is insufficient quantitatively to apportion 


those improvements to specific factors, they are likely to relate to a broad range of socio-


economic and other improvements, including improvements in health care. The trend of decline 


adds evidence that seasonality in health and vulnerability to cold can be diminished, and that 


the level of seasonality and strength of the low temperature-mortality/morbidity relationships 


are markers of sub-optimal health protection. 


 Age is probably the single most important determinant of vulnerability to winter- and cold-


related mortality/morbidity. This is true not only in relative terms but especially in absolute 


terms, as the underlying death rates from most causes rise progressively with age. Thus the 


population burden of winter- and cold-related mortality/morbidity is dominantly a problem that 


affects the elderly population. Although there are some outcomes that may affect children in 


particular, such as respiratory symptoms and adverse effects of housing on mental well-being, 


younger population groups, including children, generally have lower risk of adverse mortality 


and morbidity outcomes than older population groups. 


 There is reasonably consistent evidence from a number of studies that women have slightly 


greater vulnerability to winter- and cold-related mortality/morbidity than men. However, this 


may in part be explained by their older age (women have a longer life expectancy than men and 


are overrepresented among the oldest age groups in the population), though there is some 


evidence that they have slightly greater vulnerability even when age and other confounding 


factors are taken into account. However the difference in vulnerability is relatively small 


(properly no more than a few percent). 


 There is insufficient evidence to draw conclusions about variations in vulnerability to winter- and 


cold-related mortality/morbidity by ethnic group in England. 


 Although there are relatively few studies, the published research does not provide clear and 


consistent evidence that the risk of winter- and cold-related mortality/morbidity is greater in 


rural than in urban areas. Some rural populations may nonetheless be at particular risk because 


of their isolation, limited access to fuel sources or other reasons, but there is insufficient 


evidence to conclude that urban populations are in general any less vulnerable than rural 


populations. 


 Many disease outcomes show seasonal increases during winter and have clear exposure-


response relationships with low outdoor temperatures. Cardiorespiratory outcomes appear to 


have relatively strong associations with cold, but even mortality from malignancies and external 


causes also show association with cold. This suggests that many forms of illness and many 


pathophysiological pathways can be adversely affected by cold and other winter-related factors. 


Respiratory conditions, especially chronic obstructive pulmonary disease, appear to have a 


comparatively steep temperature-response functions, but because of their greater underlying 


prevalence, the attributable burdens of mortality and morbidity are greatest for cardiovascular 


outcomes despite their somewhat shallower relationships with low ambient temperature. 
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 Evidence in relation to the risk of falls is somewhat mixed. At younger ages the risk of injuries 


and fractures appears to be greatest in summer rather than winter months. However cold 


weather, and periods of snow and ice in particular, generally appear to be associated with an 


increase in risk of falls and fractures. However the increase in risk seems to be relatively modest 


in the elderly population (perhaps because they choose not to go outdoors in inclement 


conditions) and relatively greater in the working age population, presumably because they have 


less possibility to avoid exposure. Periods of low temperature and inclement weather appear in 


general to be associated with a greater increase in fractures and injuries to the forearm, and 


relatively modest change in the risk of hip fractures, most of which occur indoors. 


 Several studies from England and elsewhere have shown surprisingly weak relationship between 


socio-economic status and risk of winter/cold-related mortality/morbidity. The evidence is not 


entirely consistent, and some apparently negative studies had relatively limited statistical 


power. Nonetheless the majority of studies, including some fairly large studies, suggest that 


there is at most only a weak or indeed a slightly negative relationship between socio-economic 


status and risk of winter- and cold-related mortality/morbidity (i.e. higher risks in less deprived 


groups). There may be various reasons for this counterintuitive observation. It is noteworthy 


however that a comparatively high proportion of people from lower income groups or in social 


or local authority housing live in dwellings that are relatively energy-efficient (more of them are 


flats and/or were built relatively recently to higher energy efficiency standards) and their 


predicted winter indoor temperatures are on average higher than those of the owner occupier 


population or those in privately rented accommodation. It is also worth noting that even if lower 


socio-economic groups do not have a greater winter-or cold-related excess of 


mortality/morbidity than high socio-economic groups, their higher underlying age specific death 


rates mean that a similar seasonal increase in risk gives rise to a greater excess number of 


deaths/cases of morbidity. Thus, the burden of excess winter mortality/morbidity is not heavily 


concentrated in socio-economically deprived populations, but is rather quite widely distributed.  


But targeting action on socio-economically disadvantaged populations would nonetheless 


contribute to reducing inequalities in health. 


 Evidence about housing quality as a determinant of vulnerability to winter- and cold-related 


mortality/morbidity is limited and somewhat heterogeneous. Nonetheless, evidence particularly 


from record linkage studies in the UK suggest that energy efficiency of housing is an important 


determinant of vulnerability to cold-related health risks, and this is consistent with evidence 


from inter-country ecological comparisons that suggest lower seasonal variation and cold-


related mortality in settings with high degrees of protection against cold in the indoor 


environment and through behavioural and other factors. This would also seem consistent with 


the observation that the groups most vulnerable to cold namely the elderly spend a high 


proportion of their time indoors at home. Evidence from cross-sectional surveys of the 


relationship between fuel poverty and selected health outcomes is difficult to interpret but 


provides useful suggest evidence that fuel poverty and cold homes have adverse impact on a 


range of morbidity health outcomes including mental well-being. 


 The evidence of this review will need to be interpreted alongside the evidence of subsequent 


reviews that include evidence on intervention studies and qualitative data.  Its evidence about 


the determinants of vulnerability to winter- and cold-related mortality/morbidity should provide 


useful background but the development of intervention strategies requires consideration of a 
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much wider range of evidence and criteria than have been considered in this part of the overall 


review. 


 It is apparent that the scientific literature on winter- and cold-related mortality/morbidity 


remains limited in many areas and is quite heterogeneous. There would be considerable value in 


further research that helps to clarify the evidence in relation to the determinants and effect 


modifiers of the risk of winter- and cold-related mortality/morbidity. Prominent gaps remain on 


the role of thermal efficiency in housing, on fuel poverty, and on selected morbidity outcomes 


including mental well-being, especially in children. 
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Appendices 
 


Appendix 1: Review team 
 
The review team and their expertise are summarized in the table below.  
 


Person 
(institution) 


Experience and expertise 


LSHTM 


Paul Wilkinson  
(Professor of 
Environmental 
Epidemiology) 


Researcher in environmental epidemiology with long-standing interest in excess winter 
deaths, with multiple contributions in this area particularly for the UK.  
 
Expertise: topic expertise (excess winter death), study design and methods for 
quantifying the effect of seasonal/cold-related risks and modification by social, 
environmental and other factors. 
 


Ben Armstrong 
(Professor in 
Epidemiological 
Statistics) 


Epidemiological statistician with thirty years experience in environmental and 
occupational health research, including multiple publications on weather, climate and 
health, several of which are methodological contributions. Previously member of the 
Committee on the Medical Effects of Air Pollution (2000-2010).  
 
Expertise:  statistical aspects, especially with regard to the methods and interpretation 
of time-series studies and methods used to quantify and attribute health effects to cold 
and seasonal influences, and their modification by social, environmental and other 
factors. 


John Cairns 
(Professor of 
Health 
Economics) 


Economist with more than 35 years research experience, more than 25 years 
specialising in health economics.  Previously led a team of health economists 
undertaking economic modelling for cancer guidelines.  
 
Expertise: economic assessment: cost-benefit analysis 


Zaid Chalabi 
(Senior 
Lecturer in in 
Health Impact 
Analysis and 
Modelling) 


Mathematical modeller with wide expertise in environmental health risk assessment, 
health impact analysis, cost-effectiveness analysis, value of information and uncertainty 
analyses, and decision analysis.   
 
Expertise: evidence regarding cost-effectiveness (CE) of methods to identify at risk 
populations; CE  of interventions to prevent excess mortality & morbidity; CE of systems 
for delivery and implementation of approaches to prevent excess mortality & morbidity 


Shakoor Hajat 
(Senior 
Lecturer in 
Epidemiology 
and Medical 
Statistics) 


Medical statistician with long-standing interest in temperature (heat- and cold-)related 
impacts on health.  Expertise in time series and related analyses in this field and has 
undertaken reviews of published evidence for European research projects. 
Currently involved in an evaluation of the Department of Health Cold Weather Plan for 
England. 
 
Expertise: epidemiological evidence review, especially with regard to studies of 
temperature and seasonal variations in risk and the effect of interventions 


Lorelei Jones 
(Research 
fellow) 


A health services researcher with long-standing interests in UK health policy and health 
services, especially the sociology of health service organisation.  Previously a research 
fellow on the NICE clinical guideline for diabetes in pregnancy she has extensive 
experience of systematic reviews and guideline development.  Currently has a core role 
in the on-going Evaluation of the National Cold Weather Plan for England.  
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Expertise: literature review especially with regard to behavioural responses and 
interventions 


James Milner 
(Research 
Fellow) 


Research interests involving modelling the interactions between the urban environment 
and health, including the effects on health of air pollutants, and indoor air quality and 
housing. Has also developed techniques to assess the health impacts of changes in 
environmental exposures due to climate change mitigation policies in different sectors 
of society, including the housing sector.  
 
Expertise: modelling of health impacts, especially with regard to housing related health 
risks 


Mark Petticrew 
(Professor of 
Public Health 
Evaluation) 


Researcher with long-standing interests in evidence-based policymaking, systematic 
reviews, and the evaluation of the health effects of social policies. He is an editor of the 
new Cochrane Public Health Review Group, and is closely involved in the 
Cochrane/Campbell Health Equity Field. He has co-authored Petticrew M, Roberts H 
(2006) Systematic Reviews in the Social Sciences: A practical guide. Oxford: Blackwell 
Publishing)  
 
Expertise: methods for systematic review and assessment of evidence for policy. 


Noah 
Scovronick 
(doctoral 
student)  


Researcher with expertise in environmental epidemiology, and specifically health 
impacts modelling and the ancillary effects of climate mitigation strategies. 
 
Expertise: health impact and climate health studies 


Health Protection Agency (Public Health England) 


Sotiris 
Vardoulakis 
 


Senior researcher at Public Health England where he leads the Air Pollution and Climate 
Change Group at the Centre for Radiation, Chemical and Environmental Hazards (CRCE). 
He was the lead author of the Health Effects of Climate Change in the UK (2012) report 
commissioned by the Department of Health.  Expertise in indoor and outdoor air 
pollution and temperature effects on health. 
 
Expertise: health impact and vulnerability assessment methods 


Bernd Eggen 
 


Principal Climate Change Scientist in the Air Pollution and Climate Change Group of the 
CRCE, at Public Health England. He has extensive experience in environmental 
modelling, including of climate change and climate change adaptation, in both public 
(Met Office Hadley Centre) and private sector (Halcrow, Schlumberger).  
 
Expertise: methods for health impact assessment and vulnerability to the consequences 
of adverse weather, including cold 


UCL 


Mike Davies 
(Professor of 
Building Physics 
and the 
Environment) 


Mike Davies extensive research experience in the monitoring and modelling of building 
performance and seeks to understand how buildings can optimally minimise their 
production of CO2 whilst maintaining healthy and comfortable conditions. He leads the 
team which are the UK representatives for the International Energy Agency Annex 55 
work which aims to address the uncertainties associated with attempted improvements 
to the energy efficiency of national housing stocks. 
 
Expertise: indoor environment and the impact of interventions affecting exposures 
relevant to human health 


Ian Hamilton 
(Research 
Associate) 


Ian Hamilton is a Researcher at the UCL Energy Institute, with research focused on 
energy use in the urban environment, including the impact of energy efficiency 
interventions in the domestic stock.  He is a principal researcher on the EPSRC 'New 
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Empirically-Based Models of Energy Use in the Building Stock' and he is working with 
the London School of Hygiene and Tropical Medicine to develop a model for DECC that 
quantifies the health impact of introducing energy efficiency measures within the UK’s 
housing stock. 
 
Expertise: modelling of housing-related indoor exposures, health impacts and costs of 
interventions 


Payel Das 
(Research 
Associate) 


Payel Das is a research associate in the Bartlett School of Graduate Studies at UCL.  Her 
research focuses on determining optimal energy efficient solutions for residential 
dwellings through a combination of building physics models examining indoor 
environmental quality, assessment of health impacts resulting from stock 
decarbonization, and techniques to understand uncertainty in model inputs. 
 
Expertise: modelling of housing-related indoor exposures, health impacts and costs of 
interventions 
 


Jonathan 
Taylor 
(Research 
Associate)  


Jonathan Taylor is a post-doctoral research associate in the Complex Built Environment 
Systems Group, at the Bartlett School of Graduate Studies, UCL.  His research focuses 
the indoor environment and impacts on health. 


York 


Steve Duffy 
(Information 
Analyst) 


Information analyst with extensive experience of the development and implementation 
of search methods for literature review. 
 
Expertise: database searches/literature review  
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Appendix 2: Search strategies 
 


Literature searches were undertaken to identify studies primarily about excess winter deaths. The 


searches were also designed to identify studies about seasonal morbidity, fuel poverty, cold housing, 


energy efficient housing, winter related accidents, and health forecasting. 


 


The search strategies were devised using a combination of indexed subject heading terms and free 


text search terms appearing in the title and/or abstracts of database records. Search terms were 


identified through discussion between the research team, by scanning background literature and 


‘key articles’ already known to the project team, and by browsing database thesauri.  


 


The searches were limited by date range to the last 20 years (1993 to the present), and to English 


language publications only. The final MEDLINE search strategy was peer reviewed for accuracy by 


another Information Specialist based at CRD (Melissa Harden).  


 


The literature searches involved searching a wide range of databases covering health, social care, 


mental health, economics, environmental issues, and architecture. The following databases and 


resources were searched:  


 


 MEDLINE and MEDLINE In-Process 


 EMBASE 


 Social Policy & Practice 


 Science Citation Index (SCI) 


 Social Sciences Citation Index (SSCI) 


 Conference Proceedings Citation Index-Science (CPCI-S) 


 Conference Proceedings Citation Index-Social Science & Humanities (CPCI-SSH) 


 Health Management Information Consortium (HMIC) 


 PsycINFO 


 Cochrane Database of Systematic Reviews (CDSR) 


 Database of Abstracts of Reviews of Effects (DARE) 


 Cochrane Central Register of Controlled Trials (CENTRAL) 


 Health Technology Assessment (HTA) database 


 NHS Economic Evaluation Database (NHS EED) 


 EconLit 


 CEA (Cost-Effectiveness Analysis) Registry 


 RePEc: Research Papers in Economics 


 Campbell Library 


 Trials Register of Promoting Health Interventions (TRoPHI) 


 Database of Promoting Health Effectiveness Reviews (DoPHER) 


 Scopus 


 Avery Index to Architectural Periodicals  


 ICONDA International 


 PsycEXTRA 
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 NICE Evidence 


 OpenGrey 


 RIBA Catalogue (Royal Institute of British Architects) 


 NYAM Grey Literature Report (New York Academy of Medicine) 


 


As a number of databases were searched, some degree of duplication resulted.  In order to manage 


this issue, the titles and abstracts of bibliographic records were downloaded and imported into 


EndNote bibliographic management software and duplicate records removed. 







78 


 


Databases and resources searched 


 


Resource Interface/url Date range Search 


date 


Results 


MEDLINE and MEDLINE In-


Process 


OvidSP 1946-2013/Sep 


week 2 


23 Sep 


2013 


8451 


EMBASE OvidSP 1974-2013/week 


38 


24 Sep 


2013 


5445 


Social Policy & Practice OvidSP 1890s-201307 30 Sep 


2013 


1357 


Science Citation Index (SCI) Web of Science 1900–2013/09/27 2 Oct 


2013 


4433 


Social Sciences Citation 


Index (SSCI) 


Web of Science 1956–2013/09/27 2 Oct 


2013 


1291 


Conference Proceedings 


Citation Index-Science 


(CPCI-S) 


Web of Science 1990–2013/09/27 2 Oct 


2013 


238 


Conference Proceedings 


Citation Index-Social 


Science & Humanities 


(CPCI-SSH) 


Web of Science 1990–2013/09/27 2 Oct 


2013 


112 


Health Management 


Information Consortium 


(HMIC) 


OvidSP 1979-2013/Mar 30 Sep 


2013 


352 


PsycINFO OvidSP 1806-2013/Sep 


week 4 


30 Sep 


2013 


829 


Cochrane Database of 


Systematic Reviews (CDSR) 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 9/12 1 Oct 


2013 


22 


Database of Abstracts of 


Reviews of Effects (DARE) 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 3/4 1 Oct 


2013 


7 


Cochrane Central Register 


of Controlled Trials 


(CENTRAL) 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 9/12 1 Oct 


2013 


554 


Health Technology 


Assessment (HTA) database 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 3/4 1 Oct 


2013 


1 


NHS Economic Evaluation 


Database (NHS EED) 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 3/4 1 Oct 


2013 


8 


EconLit OvidSP 1961-2013/Aug 30 Sep 


2013 


745 


CEA Registry www.cearegistry.org 3 Oct 2013 3 Oct 


2013 


0 


RePEc http://repec.org/  


 


3 Oct 2013 3 Oct 


2013 


119 


Campbell Library http://www.campbellcollabo 3 Oct 2013 3 Oct 1 
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ration.org/library.php 2013 


TRoPHI EPPI-Centre 3 Oct 2013 3 Oct 


2013 


8 


DoPHER EPPI-Centre 3 Oct 2013 3 Oct 


2013 


5 


OpenGrey http://www.opengrey.eu/ 3 Oct 2013 3 Oct 


2013 


45 


NHS Evidence https://www.evidence.nhs.u


k/  


18 Oct 2013 18 Oct 


2013 


67 


RIBA Catalogue http://riba.sirsidynix.net.uk/


uhtbin/webcat 


18 Oct 2013 18 Oct 


2013 


26 


NYAM Grey Literature 


Report 


http://www.greylit.org/ 


 


18 Oct 2013 18 Oct 


2013 


0 


Scopus Elsevier 1823-2013/Oct 21 Oct 


2013 


1696 


Avery Index ProQuest 1934-2013/Oct 24 Oct 


2013 


244 


ICONDA International Ovid 1976-2013/Oct 25 Oct 


2013 


492 


PsycEXTRA Ovid 1908-2013/Oct 25 Oct 


2013 


93 


TOTAL 26,641 


TOTAL after deduplication 16,143 
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Search strategies 


 


MEDLINE and MEDLINE In-Process (OvidSP). 1946-2013/Sep week 2. Searched 23 September 2013. 


 


1     exp Cold Temperature/ (60709) 


2     Snow/ or Ice/ (4363) 


3     1 or 2 (64253) 


4     exp Death/ (114941) 


5     exp Mortality/ or mo.fs. (576727) 


6     exp Morbidity/ (373172) 


7     Risk Factors/ (567327) 


8     or/4-7 (1396264) 


9     3 and 8 (1725) 


10     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (788) 


11     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (239) 


12     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 


(1273) 


13     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. (6057) 


14     (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. (3171249) 


15     13 and 14 (1243) 


16     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. (472) 


17     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (177) 


18     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (343) 


19     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (75) 


20     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (194) 


21     Seasons/ and (Death/ or Mortality/ or Morbidity/ or Risk Factors/) (5119) 


22     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. (1222) 


23     or/9-12,15-22 (11237) 


24     ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. (455) 


25     (winter adj3 fuel).ti,ab. (14) 


26     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (19) 


27     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (44) 


28     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. (177) 


29     or/24-28 (705) 


30     exp Housing/ (25422) 


31     exp Cold Temperature/ (60709) 


32     Heating/ (4100) 


33     30 and (31 or 32) (433) 


34     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. (129) 
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35     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab. (682) 


36     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. (505) 


37     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. (17) 


38     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. (39) 


39     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab. (48) 


40     ((energy adj3 efficien$) and (home or homes or house or houses or household$ or 


housing)).ti,ab. (117) 


41     ((energy adj3 efficien$) and (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$ or domestic$)).ti,ab. (53) 


42     (home energy adj3 (program$ or assist$)).ti,ab. (3) 


43     (insulat$ adj4 (home or homes or house or houses or household$ or housing)).ti,ab. (86) 


44     (insulat$ adj4 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. (8) 


45     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company Obligation).ti,ab. 


(21) 


46     thermal comfort.ti,ab. (558) 


47     or/33-46 (2481) 


48     exp Accidents/ (138538) 


49     exp *"Wounds and Injuries"/ (547370) 


50     Snow/ or Ice/ (4363) 


51     *Seasons/ (14654) 


52     (48 or 49) and (50 or 51) (607) 


53     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab. (1558) 


54     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab. (881) 


55     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab. (5) 


56     or/52-55 (2913) 


57     Forecasting/ and Weather/ (174) 


58     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. (224) 


59     health forecast$.ti,ab. (18) 


60     or/57-59 (392) 


61     23 or 29 or 47 or 56 or 60 (17234) 


62     exp Animals/ not Humans/ (4031668) 


63     (exp Plants/ or exp Plant Structures/ or exp Plant Physiological Phenomena/) not humans/ 


(447136) 


64     (comment or editorial or letter).pt. (1234425) 


65     61 not (62 or 63 or 64) (13264) 
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66     limit 65 to (english language and yr="1993 -Current") (9279) 


 


NB. After removal of duplicate records the final results total was 8451 


 


Key: 


/         subject heading (MeSH) 


exp     explode subject heading (MeSH) 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


Embase (OvidSP). 1974-2013/week 38. Searched 24 September 2013. 


 


1     *winter/ (4511) 


2     *cold/ (9790) 


3     *snow/ or *ice/ (2997) 


4     or/1-3 (17247) 


5     exp *death/ (100114) 


6     exp *mortality/ (81918) 


7     exp *morbidity/ (17192) 


8     *risk factor/ (25240) 


9     or/5-8 (211937) 


10     4 and 9 (236) 


11     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (926) 


12     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (291) 


13     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 


(1478) 


14     ((cold or colder) adj3 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. (6539) 


15     (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. (4143060) 


16     14 and 15 (1398) 


17     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. (556) 


18     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (217) 


19     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (397) 


20     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (93) 


21     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (232) 


22     *season/ and (exp *death/ or exp *mortality/ or exp *morbidity/ or *risk factor/) (487) 


23     (season$ adj2 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. (759) 


24     or/10-13,16-23 (6277) 


25     ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. (632) 
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26     (winter adj3 fuel).ti,ab. (20) 


27     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (22) 


28     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (64) 


29     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. (246) 


30     or/25-29 (979) 


31     *housing/ (7070) 


32     *cold/ (9790) 


33     *heating/ (3074) 


34     31 and (32 or 33) (117) 


35     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. (155) 


36     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab. (887) 


37     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. (604) 


38     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. (20) 


39     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. (63) 


40     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab. (70) 


41     ((energy adj3 efficien$) and (home or homes or house or houses or household$ or 


housing)).ti,ab. (163) 


42     ((energy adj3 efficien$) and (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$ or domestic$)).ti,ab. (85) 


43     (home energy adj3 (program$ or assist$)).ti,ab. (3) 


44     (insulat$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab. (94) 


45     (insulat$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. (16) 


46     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company Obligation).ti,ab. 


(31) 


47     thermal comfort.ti,ab. (694) 


48     or/34-47 (2838) 


49     exp *accident/ (74718) 


50     exp *injury/ or exp *fracture/ (841006) 


51     *snow/ or *ice/ (2997) 


52     *season/ (10421) 


53     (49 or 50) and (51 or 52) (481) 


54     ((fall or falls or falling or slip or slips or slipping) adj2 (winter or snow or ice or weather or 


season$)).ti,ab. (1748) 


55     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj2 (winter or snow or ice 


or weather or season$)).ti,ab. (702) 


56     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab. (9) 
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57     or/53-56 (2878) 


58     *forecasting/ and *weather/ (52) 


59     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. (396) 


60     health forecast$.ti,ab. (22) 


61     or/58-60 (442) 


62     24 or 30 or 48 or 57 or 61 (13179) 


63     (editorial or letter or note).pt. (1872994) 


64     62 not 63 (12925) 


65     limit 64 to human (7380) 


66     limit 65 to (english language and yr="1993 -Current") (5445) 


 


Key: 


/         subject heading (EMTREE) 


exp     explode subject heading (EMTREE) 


* focus subject heading (EMTREE) 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


Social Policy & Practice (OvidSP). 1890s-201307. Searched 30 September 2013. 


 


1     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab,de. (64) 


2     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab,de. (12) 


3     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or 


disease$)).ti,ab,de. (28) 


4     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab,de. (46) 


5     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab,de. (48) 


6     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab,de. (13) 


7     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,de. (5) 


8     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,de. (14) 


9     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,de. (9) 


10     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab,de. (23) 


11     or/1-10 (160) 


12     (fuel adj3 (poverty or poor or afford or affordable or affordability or tariff$)).ti,ab,de. (469) 


13     (winter adj3 fuel).ti,ab,de. (42) 


14     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab,de. (43) 


15     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab,de. 


(26) 
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16     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab,de. (57) 


17     or/12-16 (556) 


18     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab,de. (64) 


19     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab,de. (528) 


20     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or households or housing)).ti,ab,de. (162) 


21     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab,de. (3) 


22     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab,de. (24) 


23     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab,de. (4) 


24     (energy efficienc$ adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab,de. (343) 


25     (energy efficienc$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$ or domestic$)).ti,ab,de. (75) 


26     (home energy adj3 (program$ or assist$)).ti,ab,de. (6) 


27     (insulat$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab,de. (265) 


28     (insulat$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab,de. (16) 


29     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company 


Obligation).ti,ab,de. (122) 


30     thermal comfort.ti,ab,de. (32) 


31     or/18-30 (1146) 


32     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab,de. (2) 


33     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab,de. (6) 


34     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab,de. (2) 


35     or/32-34 (10) 


36     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab,de. (13) 


37     health forecast$.ti,ab,de. (1) 


38     36 or 37 (14) 


39     11 or 17 or 31 or 35 or 38 (1590) 


40     limit 39 to yr="1993 -Current" (1357) 


 


Key: 


.ti,ab,de.   searches are restricted to the title, abstract and descriptor fields 


adj       searches for adjacent terms 


adj3  searches for terms within three words of each other 
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$  truncation symbol 


$1  truncation restricted to one character 


or/1-4  combine sets 1 to 4 using OR 


 


Science Citation Index (SCI) (Web of Science). 1900 – 2013-09-27. Searched 2 October 2013. 


 


# 34 4,433 (#33) AND Document Types=(Article OR Book OR Book Chapter OR 


Meeting Abstract OR Proceedings Paper OR Review)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 33 4,743 #27 NOT #32  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 32 14,445,591 #28 or #29 or #30 or #31  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 31 7,053,047 SU=(Agriculture or "Astronomy & Astrophysics" or "Biochemistry & 


Molecular Biology" or "Biodiversity & Conservation" or Chemistry or 


Crystallography or Electrochemistry or "Energy & Fuels" or 


Entomology or "Evolutionary Biology" or Fisheries or "Food Science & 


Technology" or Forestry or "Geochemistry & Geophysics" or Geology 


or "Marine & Freshwater Biology" or "Medical Laboratory Technology" 


or Oceanography or Parasitology or"Plant Sciences" or Spectroscopy 


or "Veterinary Sciences" or Zoology)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 30 11,740,697 WC=(Agricultural or Agriculture or Agronomy or Astronomy or 


Astrophysics or Biochemistry or "Biodiversity Conservation" or 


"Molecular Biology" or Chemistry or "Computer Science" or Ecology or 


"Energy & Fuels" or Engineering or Entomology or "Evolutionary 


Biology" or Fisheries or "Food Science & Technology" or Forestry or 


Genetics or Heredity or Geology or Geosciences or Horticulture or 


"Marine & Freshwater Biology" or "Materials Science" or 


"Meteorology & Atmospheric Sciences" or Mineralogy or "Mining & 


Mineral Processing" or Oceanography or Parasitology or Physics or 


"Plant Sciences" or "Soil Science" or Spectroscopy or "Veterinary 


Sciences" or "Water Resources" or Zoology)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 29 1,751,630 TS=(tree or trees or woodland or forest or forests or plant or plants or 


leaf or leaves or soil or agriculture or agricultural or agronomy or crop 


or crops or grass or grasses)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 28 3,144,056 TS=(rat or rats or mouse or mice or murine or hamster or hamsters or 


animal or animals or dogs or dog or canine or pig or pigs or cats or 


bovine or cow or cattle or sheep or ovine or porcine or monkey or 


monkeys or hen or hens or chicken or chickens or poultry or rabbit or 


rabbits or fish or fishes or salmon or bird or birds or insect or insects)  


Databases=SCI-EXPANDED Timespan=1993-2013 
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# 27 18,313 #8 or #12 or #20 or #26  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 26 3,464 #21 or #22 or #23 or #24 or #25  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 25 24 TS=("health forecast*")  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 24 1,788 TS=(("forecast" or "alert" or "alerts" or "warning" or "warnings" or 


"alarm" or "alarms") NEAR/3 ("cold" or "colder" or "weather" or 


"winter" or "met office" or "meteorological office"))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 23 15 TS=((grit or gritted or gritting or gritter*) NEAR/3 (road* or pavement* 


or sidewalk* or driveway* or pathway* or path*1))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 22 1,217 TS=(("accident" or "accidents" or "injury" or "injuries" or "injured" or 


fracture*) NEAR/3 ("winter" or "snow" or "ice" or "weather"))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 21 443 TS=(("falls" or "falling" or "slip" or "slips" or "slipping") NEAR/3 


("winter" or "snow" or "ice" or "weather"))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 20 2,873 #13 or #14 or #15 or #16 or #17 or #18 or #19  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 19 193 TS=( "Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" 


or "Energy Company Obligation")  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 18 272 TS=(insulat* NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented 


or tenancy or tenancies or dwelling*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 17 13 TS=( "home energy " NEAR/3 (program* or assist*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 16 332 TS=("energy efficien*" NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented 


or tenancy or tenancies or dwelling* or domestic*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 15 119 TS=(damp NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy 


or tenancies or dwelling*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 14 1,758 TS=((warm* or heat* or underheat* or temperature*) NEAR/2 (home 


or homes or house or houses or household* or housing or 


accommodation* or rent or rents or rented or tenancy or tenancies or 


dwelling*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 13 365 TS=((cold or freez* or frozen) NEAR/3 (home or homes or house or 
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houses or household* or housing or accommodation* or rent or rents 


or rented or tenancy or tenancies or dwelling*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 12 1,073 #9 or #10 or #11  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 11 500 TS=(("heating" or gas or electricity) NEAR/2 (payment* or allowance* 


or benefit* or grant* or voucher*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 10 246 TS=((winter or cold or weaher) NEAR/3 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 9 334 TS=("fuel" NEAR/3 (winter or poverty or poor or afford or affordable 


or affordability or tariff*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 8 11,193 #1 or #4 or #5 or #6 or #7  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 7 1,678 TS=(season* NEAR/2 (death* or fatalit* or mortalit* or morbidit* or 


"risk" or "risks" or vulnerabl* or suceptib*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 6 1,552 TS=((winter or weather or temperature* or cold or colder) NEAR/2 


(vulnerab* or "risk" or "risks" or suceptib*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 5 1,719 TS=((excess or excessive or severe or severity or exposure) NEAR/3 


winter)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 4 1,365 #2 and #3  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 3 2,799,726 TS=(death* or fatalit* or mortalit* or morbidit* or illness* or 


disease*)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 2 13,498 TS=((cold or colder) NEAR/2 (spell* or season* or month* or period* 


or condition* or event or related or excess or excessive or severe or 


severity or extreme))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 1 5,890 TS=((winter or weather or temperature*) NEAR/3 (death* or fatalit* 


or mortalit* or morbidit* or illness* or disease*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


 


 


Key: 


TS Topic (searches terms in Title, Abstract, Author Keywords and Keywords Plus fields) 


SU Research Area (specific fields of study) 


WC Web of Science Category (specific fields of study) 


NEAR   searches for adjacent terms 
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NEAR/3 searches for terms within three words of each other 


* truncation symbol 


"  " phrase search 


 


Social Sciences Citation Index (SSCI) (Web of Science). 1956 – 2013-09-27. Searched 2 October 


2013. 


 


# 34 1,291  (#33) AND Document Types=(Article OR Book OR Book Chapter OR 


Meeting Abstract OR Proceedings Paper OR Review)  


Databases=SSCI Timespan=1993-2013 


# 33 1,399  #27 NOT #32  


Databases=SSCI Timespan=1993-2013 


# 32 364,512  #28 or #29 or #30 or #31  


Databases=SSCI Timespan=1993-2013 


# 31 80,352  SU=(Agriculture or "Astronomy & Astrophysics" or "Biochemistry & 


Molecular Biology" or "Biodiversity & Conservation" or Chemistry or 


Crystallography or Electrochemistry or "Energy & Fuels" or Entomology or 


"Evolutionary Biology" or Fisheries or "Food Science & Technology" or 


Forestry or "Geochemistry & Geophysics" or Geology or "Marine & 


Freshwater Biology" or "Medical Laboratory Technology" or 


Oceanography or Parasitology or"Plant Sciences" or Spectroscopy or 


"Veterinary Sciences" or Zoology)  


Databases=SSCI Timespan=1993-2013 


# 30 212,424  WC=(Agricultural or Agriculture or Agronomy or Astronomy or 


Astrophysics or Biochemistry or "Biodiversity Conservation" or 


"Molecular Biology" or Chemistry or "Computer Science" or Ecology or 


"Energy & Fuels" or Engineering or Entomology or "Evolutionary Biology" 


or Fisheries or "Food Science & Technology" or Forestry or Genetics or 


Heredity or Geology or Geosciences or Horticulture or "Marine & 


Freshwater Biology" or "Materials Science" or "Meteorology & 


Atmospheric Sciences" or Mineralogy or "Mining & Mineral Processing" 


or Oceanography or Parasitology or Physics or "Plant Sciences" or "Soil 


Science" or Spectroscopy or "Veterinary Sciences" or "Water Resources" 


or Zoology)  


Databases=SSCI Timespan=1993-2013 


# 29 115,582  TS=(tree or trees or woodland or forest or forests or plant or plants or 


leaf or leaves or soil or agriculture or agricultural or agronomy or crop or 


crops or grass or grasses)  


Databases=SSCI Timespan=1993-2013 


# 28 83,105  TS=(rat or rats or mouse or mice or murine or hamster or hamsters or 


animal or animals or dogs or dog or canine or pig or pigs or cats or bovine 


or cow or cattle or sheep or ovine or porcine or monkey or monkeys or 


hen or hens or chicken or chickens or poultry or rabbit or rabbits or fish 


or fishes or salmon or bird or birds or insect or insects)  
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Databases=SSCI Timespan=1993-2013 


# 27 2,123  #8 or #12 or #20 or #26  


Databases=SSCI Timespan=1993-2013 


# 26 259  #21 or #22 or #23 or #24 or #25  


Databases=SSCI Timespan=1993-2013 


# 25 16  TS=("health forecast*")  


Databases=SSCI Timespan=1993-2013 


# 24 92  TS=(("forecast" or "alert" or "alerts" or "warning" or "warnings" or 


"alarm" or "alarms") NEAR/3 ("cold" or "colder" or "weather" or "winter" 


or "met office" or "meteorological office"))  


Databases=SSCI Timespan=1993-2013 


# 23 4  TS=((grit or gritted or gritting or gritter*) NEAR/3 (road* or pavement* or 


sidewalk* or driveway* or pathway* or path*1))  


Databases=SSCI Timespan=1993-2013 


# 22 127  TS=(("accident" or "accidents" or "injury" or "injuries" or "injured" or 


fracture*) NEAR/3 ("winter" or "snow" or "ice" or "weather"))  


Databases=SSCI Timespan=1993-2013 


# 21 29  TS=(("falls" or "falling" or "slip" or "slips" or "slipping") NEAR/3 ("winter" 


or "snow" or "ice" or "weather"))  


Databases=SSCI Timespan=1993-2013 


# 20 557  #13 or #14 or #15 or #16 or #17 or #18 or #19  


Databases=SSCI Timespan=1993-2013 


# 19 11  TS=( "Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" or 


"Energy Company Obligation")  


Databases=SSCI Timespan=1993-2013 


# 18 44  TS=(insulat* NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=SSCI Timespan=1993-2013 


# 17 8  TS=( "home energy " NEAR/3 (program* or assist*))  


Databases=SSCI Timespan=1993-2013 


# 16 210  TS=("energy efficien*" NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented or 


tenancy or tenancies or dwelling* or domestic*))  


Databases=SSCI Timespan=1993-2013 


# 15 17  TS=(damp NEAR/3 (home or homes or house or houses or household* or 


housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=SSCI Timespan=1993-2013 


# 14 239  TS=((warm* or heat* or underheat* or temperature*) NEAR/2 (home or 


homes or house or houses or household* or housing or accommodation* 


or rent or rents or rented or tenancy or tenancies or dwelling*))  


Databases=SSCI Timespan=1993-2013 


# 13 92  TS=((cold or freez* or frozen) NEAR/3 (home or homes or house or 
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houses or household* or housing or accommodation* or rent or rents or 


rented or tenancy or tenancies or dwelling*))  


Databases=SSCI Timespan=1993-2013 


# 12 287  #9 or #10 or #11  


Databases=SSCI Timespan=1993-2013 


# 11 150  TS=(("heating" or gas or electricity) NEAR/2 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=SSCI Timespan=1993-2013 


# 10 19  TS=((winter or cold or weaher) NEAR/3 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=SSCI Timespan=1993-2013 


# 9 122  TS=("fuel" NEAR/3 (winter or poverty or poor or afford or affordable or 


affordability or tariff*))  


Databases=SSCI Timespan=1993-2013 


# 8 1,150  #1 or #4 or #5 or #6 or #7  


Databases=SSCI Timespan=1993-2013 


# 7 277  TS=(season* NEAR/2 (death* or fatalit* or mortalit* or morbidit* or 


"risk" or "risks" or vulnerabl* or suceptib*))  


Databases=SSCI Timespan=1993-2013 


# 6 319  TS=((winter or weather or temperature* or cold or colder) NEAR/2 


(vulnerab* or "risk" or "risks" or suceptib*))  


Databases=SSCI Timespan=1993-2013 


# 5 166  TS=((excess or excessive or severe or severity or exposure) NEAR/3 


winter)  


Databases=SSCI Timespan=1993-2013 


# 4 135  #2 and #3  


Databases=SSCI Timespan=1993-2013 


# 3 284,868  TS=(death* or fatalit* or mortalit* or morbidit* or illness* or disease*)  


Databases=SSCI Timespan=1993-2013 


# 2 693  TS=((cold or colder) NEAR/2 (spell* or season* or month* or period* or 


condition* or event or related or excess or excessive or severe or severity 


or extreme))  


Databases=SSCI Timespan=1993-2013 


# 1 439  TS=((winter or weather or temperature*) NEAR/3 (death* or fatalit* or 


mortalit* or morbidit* or illness* or disease*))  


Databases=SSCI Timespan=1993-2013 


 


Key: 


TS Topic (searches terms in Title, Abstract, Author Keywords and Keywords Plus fields) 


SU Research Area (specific fields of study) 


WC Web of Science Category (specific fields of study) 


NEAR   searches for adjacent terms 


NEAR/3 searches for terms within three words of each other 


* truncation symbol 
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"  " phrase search 


 


Conference Proceedings Citation Index-Science (CPCI-S) (Web of Science). 1990 – 2013-09-27. 


Searched 2 October 2013. 


 


# 33 238  #27 NOT #32  


Databases=CPCI-S Timespan=1993-2013 


# 32 4,622,783  #28 or #29 or #30 or #31  


Databases=CPCI-S Timespan=1993-2013 


# 31 1,199,928  SU=(Agriculture or "Astronomy & Astrophysics" or "Biochemistry & 


Molecular Biology" or "Biodiversity & Conservation" or Chemistry or 


Crystallography or Electrochemistry or "Energy & Fuels" or Entomology 


or "Evolutionary Biology" or Fisheries or "Food Science & Technology" 


or Forestry or "Geochemistry & Geophysics" or Geology or "Marine & 


Freshwater Biology" or "Medical Laboratory Technology" or 


Oceanography or Parasitology or"Plant Sciences" or Spectroscopy or 


"Veterinary Sciences" or Zoology)  


Databases=CPCI-S Timespan=1993-2013 


# 30 4,304,050  WC=(Agricultural or Agriculture or Agronomy or Astronomy or 


Astrophysics or Biochemistry or "Biodiversity Conservation" or 


"Molecular Biology" or Chemistry or "Computer Science" or Ecology or 


"Energy & Fuels" or Engineering or Entomology or "Evolutionary 


Biology" or Fisheries or "Food Science & Technology" or Forestry or 


Genetics or Heredity or Geology or Geosciences or Horticulture or 


"Marine & Freshwater Biology" or "Materials Science" or "Meteorology 


& Atmospheric Sciences" or Mineralogy or "Mining & Mineral 


Processing" or Oceanography or Parasitology or Physics or "Plant 


Sciences" or "Soil Science" or Spectroscopy or "Veterinary Sciences" or 


"Water Resources" or Zoology)  


Databases=CPCI-S Timespan=1993-2013 


# 29 350,620  TS=(tree or trees or woodland or forest or forests or plant or plants or 


leaf or leaves or soil or agriculture or agricultural or agronomy or crop 


or crops or grass or grasses)  


Databases=CPCI-S Timespan=1993-2013 


# 28 353,128  TS=(rat or rats or mouse or mice or murine or hamster or hamsters or 


animal or animals or dogs or dog or canine or pig or pigs or cats or 


bovine or cow or cattle or sheep or ovine or porcine or monkey or 


monkeys or hen or hens or chicken or chickens or poultry or rabbit or 


rabbits or fish or fishes or salmon or bird or birds or insect or insects)  


Databases=CPCI-S Timespan=1993-2013 


# 27 723  #8 or #12 or #20 or #26  


Databases=CPCI-S Timespan=1993-2013 


# 26 219  #21 or #22 or #23 or #24 or #25  


Databases=CPCI-S Timespan=1993-2013 
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# 25 4  TI=("health forecast*")  


Databases=CPCI-S Timespan=1993-2013 


# 24 133  TI=(("forecast" or "alert" or "alerts" or "warning" or "warnings" or 


"alarm" or "alarms") NEAR/3 ("cold" or "colder" or "weather" or 


"winter" or "met office" or "meteorological office"))  


Databases=CPCI-S Timespan=1993-2013 


# 23 0  TI=((grit or gritted or gritting or gritter*) NEAR/3 (road* or pavement* 


or sidewalk* or driveway* or pathway* or path or paths))  


Databases=CPCI-S Timespan=1993-2013 


# 22 61  TI=(("accident" or "accidents" or "injury" or "injuries" or "injured" or 


fracture*) NEAR/3 ("winter" or "snow" or "ice" or "weather"))  


Databases=CPCI-S Timespan=1993-2013 


# 21 22  TI=(("falls" or "falling" or "slip" or "slips" or "slipping") NEAR/3 ("winter" 


or "snow" or "ice" or "weather"))  


Databases=CPCI-S Timespan=1993-2013 


# 20 198  #13 or #14 or #15 or #16 or #17 or #18 or #19  


Databases=CPCI-S Timespan=1993-2013 


# 19 3  TI=( "Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" or 


"Energy Company Obligation")  


Databases=CPCI-S Timespan=1993-2013 


# 18 34  TI=(insulat* NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=CPCI-S Timespan=1993-2013 


# 17 1  TI=( "home energy " NEAR/3 (program* or assist*))  


Databases=CPCI-S Timespan=1993-2013 


# 16 41  TI=("energy efficien*" NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented 


or tenancy or tenancies or dwelling* or domestic*))  


Databases=CPCI-S Timespan=1993-2013 


# 15 6  TI=(damp NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=CPCI-S Timespan=1993-2013 


# 14 89  TI=((warm* or heat* or underheat* or temperature*) NEAR/2 (home or 


homes or house or houses or household* or housing or 


accommodation* or rent or rents or rented or tenancy or tenancies or 


dwelling*))  


Databases=CPCI-S Timespan=1993-2013 


# 13 27  TI=((cold or freez* or frozen) NEAR/3 (home or homes or house or 


houses or household* or housing or accommodation* or rent or rents 


or rented or tenancy or tenancies or dwelling*))  


Databases=CPCI-S Timespan=1993-2013 


# 12 31  #9 or #10 or #11  
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Databases=CPCI-S Timespan=1993-2013 


# 11 23  TI=(("heating" or gas or electricity) NEAR/2 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=CPCI-S Timespan=1993-2013 


# 10 5  TI=((winter or cold or weaher) NEAR/3 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=CPCI-S Timespan=1993-2013 


# 9 3  TI=(fuel NEAR/3 (winter or poverty or poor or afford or affordable or 


affordability or tariff*))  


Databases=CPCI-S Timespan=1993-2013 


# 8 278  #1 or #4 or #5 or #6 or #7  


Databases=CPCI-S Timespan=1993-2013 


# 7 42  TI=(season* NEAR/3 (death* or fatalit* or mortalit* or morbidit* or 


"risk" or "risks" or vulnerabl* or suceptib*))  


Databases=CPCI-S Timespan=1993-2013 


# 6 70  TI=((winter or weather or temperature* or cold or colder) NEAR/3 


(vulnerab* or "risk" or "risks" or suceptib*))  


Databases=CPCI-S Timespan=1993-2013 


# 5 20  TI=((excess or excessive or severe or severity or exposure) NEAR/3 


winter)  


Databases=CPCI-S Timespan=1993-2013 


# 4 10  #2 and #3  


Databases=CPCI-S Timespan=1993-2013 


# 3 197  TI=((cold or colder) NEAR/2 (spell* or season* or month* or period* or 


condition* or event or related or excess or excessive or severe or 


severity or extreme))  


Databases=CPCI-S Timespan=1993-2013 


# 2 134,816  TI=(death* or fatalit* or mortalit* or morbidit* or illness* or disease*)  


Databases=CPCI-S Timespan=1993-2013 


# 1 147  TI=((winter or weather or temperature*) NEAR/3 (death* or fatalit* or 


mortalit* or morbidit* or illness* or disease*))  


Databases=CPCI-S Timespan=1993-2013 


 


Key: 


TS Topic (searches terms in Title, Abstract, Author Keywords and Keywords Plus fields) 


SU Research Area (specific fields of study) 


WC Web of Science Category (specific fields of study) 


NEAR   searches for adjacent terms 


NEAR/3 searches for terms within three words of each other 


* truncation symbol 


"  " phrase search 


 


Conference Proceedings Citation Index-Social Science & Humanities (CPCI-SSH) (Web of Science). 


1990 – 2013-09-27. Searched 2 October 2013. 
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# 33 112 #27 NOT #32  


Databases=CPCI-SSH Timespan=1993-2013 


# 32 120,196 #28 or #29 or #30 or #31  


Databases=CPCI-SSH Timespan=1993-2013 


# 31 11,270 SU=(Agriculture or "Astronomy & Astrophysics" or "Biochemistry & 


Molecular Biology" or "Biodiversity & Conservation" or Chemistry or 


Crystallography or Electrochemistry or "Energy & Fuels" or Entomology or 


"Evolutionary Biology" or Fisheries or "Food Science & Technology" or 


Forestry or "Geochemistry & Geophysics" or Geology or "Marine & 


Freshwater Biology" or "Medical Laboratory Technology" or 


Oceanography or Parasitology or"Plant Sciences" or Spectroscopy or 


"Veterinary Sciences" or Zoology)  


Databases=CPCI-SSH Timespan=1993-2013 


# 30 105,727 WC=(Agricultural or Agriculture or Agronomy or Astronomy or 


Astrophysics or Biochemistry or "Biodiversity Conservation" or 


"Molecular Biology" or Chemistry or "Computer Science" or Ecology or 


"Energy & Fuels" or Engineering or Entomology or "Evolutionary Biology" 


or Fisheries or "Food Science & Technology" or Forestry or Genetics or 


Heredity or Geology or Geosciences or Horticulture or "Marine & 


Freshwater Biology" or "Materials Science" or "Meteorology & 


Atmospheric Sciences" or Mineralogy or "Mining & Mineral Processing" 


or Oceanography or Parasitology or Physics or "Plant Sciences" or "Soil 


Science" or Spectroscopy or "Veterinary Sciences" or "Water Resources" 


or Zoology)  


Databases=CPCI-SSH Timespan=1993-2013 


# 29 17,347 TS=(tree or trees or woodland or forest or forests or plant or plants or 


leaf or leaves or soil or agriculture or agricultural or agronomy or crop or 


crops or grass or grasses)  


Databases=CPCI-SSH Timespan=1993-2013 


# 28 6,472 TS=(rat or rats or mouse or mice or murine or hamster or hamsters or 


animal or animals or dogs or dog or canine or pig or pigs or cats or bovine 


or cow or cattle or sheep or ovine or porcine or monkey or monkeys or 


hen or hens or chicken or chickens or poultry or rabbit or rabbits or fish 


or fishes or salmon or bird or birds or insect or insects)  


Databases=CPCI-SSH Timespan=1993-2013 


# 27 226 #8 or #12 or #20 or #26  


Databases=CPCI-SSH Timespan=1993-2013 


# 26 39 #21 or #22 or #23 or #24 or #25  


Databases=CPCI-SSH Timespan=1993-2013 


# 25 1 TS=("health forecast*")  


Databases=CPCI-SSH Timespan=1993-2013 


# 24 22 TS=(("forecast" or "alert" or "alerts" or "warning" or "warnings" or 


"alarm" or "alarms") NEAR/3 ("cold" or "colder" or "weather" or "winter" 
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or "met office" or "meteorological office"))  


Databases=CPCI-SSH Timespan=1993-2013 


# 23 1 TS=((grit or gritted or gritting or gritter*) NEAR/3 (road* or pavement* or 


sidewalk* or driveway* or pathway* or path*1))  


Databases=CPCI-SSH Timespan=1993-2013 


# 22 11 TS=(("accident" or "accidents" or "injury" or "injuries" or "injured" or 


fracture*) NEAR/3 ("winter" or "snow" or "ice" or "weather"))  


Databases=CPCI-SSH Timespan=1993-2013 


# 21 5 TS=(("falls" or "falling" or "slip" or "slips" or "slipping") NEAR/3 ("winter" 


or "snow" or "ice" or "weather"))  


Databases=CPCI-SSH Timespan=1993-2013 


# 20 78 #13 or #14 or #15 or #16 or #17 or #18 or #19  


Databases=CPCI-SSH Timespan=1993-2013 


# 19 0  TS=( "Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" or 


"Energy Company Obligation")  


Databases=CPCI-SSH Timespan=1993-2013 


# 18 12 TS=(insulat* NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 17 2 TS=( "home energy " NEAR/3 (program* or assist*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 16 31 TS=("energy efficien*" NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented or 


tenancy or tenancies or dwelling* or domestic*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 15 0  TS=(damp NEAR/3 (home or homes or house or houses or household* or 


housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 14 26 TS=((warm* or heat* or underheat* or temperature*) NEAR/2 (home or 


homes or house or houses or household* or housing or accommodation* 


or rent or rents or rented or tenancy or tenancies or dwelling*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 13 13 TS=((cold or freez* or frozen) NEAR/3 (home or homes or house or 


houses or household* or housing or accommodation* or rent or rents or 


rented or tenancy or tenancies or dwelling*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 12 27 #9 or #10 or #11  


Databases=CPCI-SSH Timespan=1993-2013 


# 11 17 TS=(("heating" or gas or electricity) NEAR/2 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 10 1 TS=((winter or cold or weaher) NEAR/3 (payment* or allowance* or 
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benefit* or grant* or voucher*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 9 9 TS=("fuel" NEAR/3 (winter or poverty or poor or afford or affordable or 


affordability or tariff*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 8 87 #1 or #4 or #5 or #6 or #7  


Databases=CPCI-SSH Timespan=1993-2013 


# 7 12 TS=(season* NEAR/2 (death* or fatalit* or mortalit* or morbidit* or 


"risk" or "risks" or vulnerabl* or suceptib*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 6 34 TS=((winter or weather or temperature* or cold or colder) NEAR/2 


(vulnerab* or "risk" or "risks" or suceptib*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 5 20 TS=((excess or excessive or severe or severity or exposure) NEAR/3 


winter)  


Databases=CPCI-SSH Timespan=1993-2013 


# 4 7 #2 and #3  


Databases=CPCI-SSH Timespan=1993-2013 


# 3 12,795 TS=(death* or fatalit* or mortalit* or morbidit* or illness* or disease*)  


Databases=CPCI-SSH Timespan=1993-2013 


# 2 88 TS=((cold or colder) NEAR/2 (spell* or season* or month* or period* or 


condition* or event or related or excess or excessive or severe or severity 


or extreme))  


Databases=CPCI-SSH Timespan=1993-2013 


# 1 17 TS=((winter or weather or temperature*) NEAR/3 (death* or fatalit* or 


mortalit* or morbidit* or illness* or disease*))  


Databases=CPCI-SSH Timespan=1993-2013 


 


Key: 


TS Topic (searches terms in Title, Abstract, Author Keywords and Keywords Plus fields) 


SU Research Area (specific fields of study) 


WC Web of Science Category (specific fields of study) 


NEAR   searches for adjacent terms 


NEAR/3 searches for terms within three words of each other 


* truncation symbol 


"  " phrase search 


 


HMIC (OvidSP). 1979-2013/March. Searched 30 September 2013. 


 


1     exp Winter/ (180) 


2     Snow/ or Ice/ (4) 


3     1 or 2 (183) 


4     exp Death/ (2782) 


5     exp Mortality/ (5160) 
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http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=258&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=257&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=256&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=255&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=254&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch
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6     exp Morbidity/ (3077) 


7     exp Risk factors/ (3899) 


8     or/4-7 (12869) 


9     3 and 8 (30) 


10     exp "Cold as cause of disease"/ (48) 


11     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (58) 


12     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (6) 


13     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 


(20) 


14     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. (52) 


15     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. (49) 


16     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (11) 


17     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (17) 


18     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (2) 


19     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (6) 


20     exp Seasonal factors/ and (Death/ or Mortality/ or Morbidity/ or Risk Factors/) (20) 


21     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. (39) 


22     or/9-21 (224) 


23     exp Fuel poverty/ (40) 


24     ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. (79) 


25     (winter adj3 fuel).ti,ab. (6) 


26     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (3) 


27     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (10) 


28     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. (12) 


29     or/23-28 (118) 


30     exp Housing/ (3183) 


31     exp Winter/ or exp Seasonal Factors/ (286) 


32     exp building climatic services/ (390) 


33     warmth/ (36) 


34     30 and (31 or 32 or 33) (17) 


35     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. (26) 


36     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab. (64) 


37     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. (24) 


38     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. (2) 


39     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. (0) 
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40     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab. (0) 


41     ((energy adj3 efficien$) and (home or homes or house or houses or household$ or 


housing)).ti,ab. (38) 


42     ((energy adj3 efficien$) and (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$ or domestic$)).ti,ab. (12) 


43     (home energy adj3 (program$ or assist$)).ti,ab. (1) 


44     (insulat$ adj4 (home or homes or house or houses or household$ or housing)).ti,ab. (9) 


45     (insulat$ adj4 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. (0) 


46     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company Obligation).ti,ab. 


(4) 


47     thermal comfort.ti,ab. (10) 


48     or/34-47 (150) 


49     exp Accidents/ (2703) 


50     exp wounds & injuries/ (2186) 


51     Winter/ or Snow/ or Ice/ (183) 


52     exp seasonal factors/ (131) 


53     (49 or 50) and (51 or 52) (0) 


54     exp Weather hazards/ (51) 


55     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab. (9) 


56     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab. (5) 


57     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab. (0) 


58     or/53-57 (65) 


59     exp Weather/ and exp Forecasting/ (4) 


60     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. (18) 


61     health forecast$.ti,ab. (9) 


62     or/59-61 (26) 


63     22 or 29 or 48 or 58 or 62 (482) 


64     limit 63 to yr="1993 -Current" (352) 


 


Key: 


/         subject heading 


exp     explode subject heading 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 
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PsycINFO (OvidSP). 1806-2013/Sep week 4. Searched 30 September 2013. 


 


1     temperature effects/ or cold effects/ (3080) 


2     "death and dying"/ (21318) 


3     exp Morbidity/ (2616) 


4     risk factors/ (41469) 


5     1 and (2 or 3 or 4) (21) 


6     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (37) 


7     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (17) 


8     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 


(57) 


9     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. (531) 


10     (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. (314094) 


11     9 and 10 (55) 


12     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. (86) 


13     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (32) 


14     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (20) 


15     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (25) 


16     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (13) 


17     seasonal variations/ and ("death and dying"/ or exp Morbidity/ or risk factors/) (78) 


18     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. (110) 


19     or/5-8,11-18 (490) 


20     ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. (85) 


21     (winter adj3 fuel).ti,ab. (0) 


22     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (9) 


23     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (2) 


24     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. (20) 


25     or/20-24 (115) 


26     housing/ and (Temperature effects/ or cold effects/) (4) 


27     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. (17) 


28     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab. (93) 


29     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. (17) 


30     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. (2) 


31     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. (4) 


32     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab. (1) 
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33     ((energy adj3 efficien$) and (home or homes or house or houses or household$ or 


housing)).ti,ab. (37) 


34     ((energy adj3 efficien$) and (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$ or domestic$)).ti,ab. (9) 


35     (home energy adj3 (program$ or assist$)).ti,ab. (7) 


36     (insulat$ adj4 (home or homes or house or houses or household$ or housing)).ti,ab. (12) 


37     (insulat$ adj4 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. (0) 


38     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company Obligation).ti,ab. 


(2) 


39     or/26-38 (185) 


40     (exp accidents/ or exp Injuries/) and exp Seasonal Variations/ (22) 


41     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab. (372) 


42     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab. (78) 


43     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab. (0) 


44     or/40-43 (463) 


45     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. (87) 


46     health forecast$.ti,ab. (1) 


47     45 or 46 (88) 


48     19 or 25 or 39 or 44 or 47 (1312) 


49     limit 48 to (human and english language and yr="1993 -Current") (829) 


 


Key: 


/         subject heading 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


Cochrane Library: CDSR, DARE, CENTRAL, NHS EED and HTA (Wiley). 2013:Issue 9/12 and 3/4. 


Searched 1 October 2013. 


 


#1 MeSH descriptor: [Cold Temperature] explode all trees 1110 


#2 MeSH descriptor: [Snow] this term only 5 


#3 MeSH descriptor: [Ice] this term only 83 


#4 #1 or #2 or #3  1181 


#5 MeSH descriptor: [Death] explode all trees 1500 


#6 MeSH descriptor: [Mortality] explode all trees 10049 


#7 [mh /MO]  20804 
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#8 MeSH descriptor: [Morbidity] explode all trees 10513 


#9 MeSH descriptor: [Risk Factors] this term only 17598 


#10 #5 or #6 or #7 or #8 or #9  46439 


#11 #4 and #10  35 


#12 (winter near/4 (death* or fatalit* or mortalit* or morbidit* or illness* or disease*)):ti,ab,kw 


 26 


#13 (weather near/3 (death* or fatalit* or mortalit* or morbidit* or illness* or 


disease*)):ti,ab,kw  5 


#14 (temperature* near/3 (death* or fatalit* or mortalit* or morbidit* or illness* or 


disease*)):ti,ab,kw  131 


#15 ((cold or colder) near/4 (spell* or season* or month* or period* or condition* or event or 


events or related or excess or excessive or severe or severity or extreme)):ti,ab,kw  280 


#16 (death* or fatalit* or mortalit* or morbidit* or illness* or disease*):ti,ab,kw  173933 


#17 #15 and #16  92 


#18 ((excess or excessive or severe or severity or exposure) near/3 winter):ti,ab,kw  18 


#19 (winter near/4 (vulnerab* or risk or risks or suceptib*)):ti,ab,kw  5 


#20 (temperature* near/3 (vulnerab* or risk or risks or suceptib*)):ti,ab,kw  26 


#21 (weather near/3 (vulnerab* or risk or risks or suceptib*)):ti,ab,kw  3 


#22 ((cold or colder) near/3 (vulnerab* or risk or risks or suceptib*)):ti,ab,kw  17 


#23 MeSH descriptor: [Seasons] this term only 707 


#24 MeSH descriptor: [Death] this term only 64 


#25 MeSH descriptor: [Mortality] this term only 390 


#26 MeSH descriptor: [Morbidity] this term only 664 


#27 MeSH descriptor: [Risk Factors] this term only 17598 


#28 #24 or #25 or #26 or #27  18533 


#29 #23 and #28  43 


#30 (season* near/3 (death* or fatalit* or mortalit* or morbidit* or risk or risks or vulnerabl* or 


suceptib*)):ti,ab,kw  68 


#31 #11 or #12 or #13 or #14 or #17 or #18 or #19 or #20 or #21 or #22 or #29 or #30  411 


#32 ((fuel or energy or gas or electricity) near/3 (poverty or poor or afford or affordable or 


affordability or tariff*)):ti,ab,kw  18 


#33 (winter near/3 fuel):ti,ab,kw  0 


#34 (winter near/3 (payment* or allowance* or benefit* or grant* or voucher*)):ti,ab,kw  3 


#35 ((cold or weather) near/3 (payment* or allowance* or benefit* or grant* or 


voucher*)):ti,ab,kw  10 


#36 ((heat* or gas or electricity) near/3 (payment* or allowance* or benefit* or grant* or 


voucher*)):ti,ab,kw  21 


#37 #32 or #33 or #34 or #35 or #36  51 


#38 MeSH descriptor: [Housing] explode all trees 252 


#39 MeSH descriptor: [Cold Temperature] explode all trees 1110 


#40 MeSH descriptor: [Heating] this term only 120 


#41 #38 and (#39 or #40)  12 


#42 ((cold or freez* or frozen) near/3 (home or homes or house or houses or household* or 


housing)):ti,ab,kw  3 
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#43 ((warm* or heat* or underheat* or temperature*) near/3 (home or homes or house or 


houses or household* or housing)):ti,ab,kw  48 


#44 ((damp* or humid* or mold or moldy or mould or mouldy or condensation*) near/3 (home 


or homes or house or houses or household* or housing)):ti,ab,kw  25 


#45 ((cold or freez* or frozen) near/3 (accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*)):ti,ab,kw  0 


#46 ((warm* or heat* or underheat* or temperature*) near/3 (accommodation* or rent or rents 


or rented or tenancy or tenancies or dwelling*)):ti,ab,kw  2 


#47 ((damp or humid or mold or moldy or mould or mouldy) near/3 (accommodation* or rent or 


rents or rented or tenancy or tenancies or dwelling*)):ti,ab,kw  0 


#48 ((energy near/3 efficien*) and (home or homes or house or houses or household* or 


housing)):ti,ab,kw  6 


#49 ((energy near/3 efficien*) and (accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling* or domestic*)):ti,ab,kw  0 


#50 ("home energy" near/3 (program* or assist*)):ti,ab,kw  0 


#51 (insulat* near/4 (home or homes or house or houses or household* or housing)):ti,ab,kw 


 8 


#52 (insulat* near/4 (accommodation* or rent or rents or rented or tenancy or tenancies or 


dwelling*)):ti,ab,kw  0 


#53 ("Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" or "Energy Company 


Obligation"):ti,ab,kw  0 


#54 "thermal comfort":ti,ab,kw  60 


#55 #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or #51 or #52 or #53 or 


#54  137 


#56 MeSH descriptor: [Accidents] explode all trees 4421 


#57 MeSH descriptor: [Wounds and Injuries] explode all trees 14069 


#58 MeSH descriptor: [Snow] this term only 5 


#59 MeSH descriptor: [Ice] this term only 83 


#60 MeSH descriptor: [Seasons] this term only 707 


#61 (#56 or #57) and (#58 or #59 or #60)  55 


#62 ((fall or falls or falling or slip or slips or slipping) near/3 (winter or snow or ice or weather or 


season*)):ti,ab,kw  67 


#63 ((accident* or injury or injuries or injured or fracture* or trauma*) near/3 (winter or snow or 


ice or weather or season*)):ti,ab,kw  17 


#64 ((grit or gritted or gritting or gritter*) near/3 (road* or pavement* or sidewalk* or driveway* 


or pathway* or path or paths)):ti,ab,kw  0 


#65 #61 or #62 or #63 or #64  137 


#66 MeSH descriptor: [Forecasting] this term only 455 


#67 MeSH descriptor: [Weather] this term only 25 


#68 #66 and #67  1 


#69 ((forecast* or alert* or warning* or alarm*) near/3 (cold or colder or weather or winter or 


"met office" or "meteorological office")):ti,ab,kw  7 


#70 health next forecast*:ti,ab,kw  3 


#71 #68 or #69 or #70  10 


#72 #31 or #37 or #55 or #65 or #71  722 
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#73 #31 or #37 or #55 or #65 or #71 from 1993 598 


 


Key: 


MeSH descriptor         subject heading (MeSH) 


explode all trees explode subject heading (MeSH) 


:ti,ab,kw        searches are restricted to the title, abstract and keyword fields 


near       searches for adjacent terms 


near/3   searches for terms within three words of each other 


*   truncation symbol 


 


EconLit (OvidSP). 1961-2013/Aug. Searched 30 September 2013. 


 


1     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab,kw. (12) 


2     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab,kw. (18) 


3     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or 


disease$)).ti,ab,kw. (13) 


4     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab,kw. (115) 


5     (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab,kw. (13550) 


6     4 and 5 (12) 


7     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab,kw. (7) 


8     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab,kw. (3) 


9     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,kw. (20) 


10     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,kw. (139) 


11     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,kw. (4) 


12     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab,kw. (44) 


13     or/1-3,6-12 (253) 


14     (fuel adj3 (poverty or poor or afford or affordable or affordability or tariff$)).ti,ab,kw. (87) 


15     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab,kw. (3) 


16     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab,kw. 


(6) 


17     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab,kw. (132) 


18     or/14-17 (227) 


19     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab,kw. (15) 


20     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab,kw. (80) 


21     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or households or housing)).ti,ab,kw. (13) 


22     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab,kw. (1) 


23     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab,kw. (6) 
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24     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab,kw. (1) 


25     (energy efficienc$ adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab,kw. (88) 


26     (energy efficienc$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$ or domestic$)).ti,ab,kw. (18) 


27     (home energy adj3 (program$ or assist$)).ti,ab,kw. (2) 


28     (insulat$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab,kw. (20) 


29     (insulat$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab,kw. (0) 


30     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company 


Obligation).ti,ab,kw. (8) 


31     thermal comfort.ti,ab,kw. (21) 


32     or/19-31 (245) 


33     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab,kw. (33) 


34     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab,kw. (4) 


35     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab,kw. (0) 


36     or/33-35 (37) 


37     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab,kw. (66) 


38     health forecast$.ti,ab,kw. (1) 


39     37 or 38 (67) 


40     13 or 18 or 32 or 36 or 39 (793) 


41     limit 40 to yr="1993 -Current" (745) 


 


Key: 


.ti,ab,kw.   searches are restricted to the title, abstract and keyword fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


CEA Registry (www.cearegistry.org). Searched 3 October 2013. 


 


The Basic search option only allows one word/phrase at a time: searched each line separately and 


then browsed for potentially useful records. 


 


winter  1 (0 potentially relevant) 


snow  2 (0 potentially relevant) 


weather 1 (0 potentially relevant) 


season  33 (0 potentially relevant: mostly about influenza vaccination) 
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seasonal 16 (0 potentially relevant: mostly about influenza vaccination) 


fuel  1 (0 potentially relevant) 


housing 3 (0 potentially relevant) 


energy  15 (0 potentially relevant) 


falls  37 (0 potentially relevant: general falls prevention, not winter specific) 


forecast 19 (0 potentially relevant) 


 


RePEc (http://repec.org/). Searched 3 October 2013. 


 


IDEAS search interface 


 


(winter | weather | temperature) + (death | deaths | fatality | fatalities | mortality) 


In: Title 


Publication Date Range: 1993 to 2013 


20 records retrieved 


 


(winter | weather | temperature) + (death | deaths | fatality | fatalities | mortality) 


In: Abstract 


Publication Date Range: 1993 to 2013 


127 records retrieved 


 


(season | seasonal) + (death | deaths | fatality | fatalities | mortality) 


In: Title 


Publication Date Range: 1993 to 2013 


4 records retrieved 


 


(season | seasonal) + (death | deaths | fatality | fatalities | mortality) 


In: Abstract 


Publication Date Range: 1993 to 2013 


75 records retrieved 


 


("fuel poverty" | "winter fuel" | "winter payment" | "cold payment" | "weather payment" |  "winter 


payments" | "cold payments" | "weather payments") 


In: Title 


Publication Date Range: 1993 to 2013 


32 records retrieved 


 


("fuel poverty" | "winter fuel" | "winter payment" | "cold payment" | "weather payment" |  "winter 


payments" | "cold payments" | "weather payments") 


In: Abstract 


Publication Date Range: 1993 to 2013 


65 records retrieved 


 


"cold home" | "cold homes" | "cold house" | "cold houses" | "cold household*" | "cold housing" 


In: Title 
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Publication Date Range: 1993 to 2013 


8 records retrieved 


 


"cold home" | "cold homes" | "cold house" | "cold houses" | "cold household*" | "cold housing" 


In: Abstract 


Publication Date Range: 1993 to 2013 


3 records retrieved 


 


"warm home" | "warm homes" | "warm house" | "warm houses" | "warm households" | "warm 


housing" | "warmer home" | "warmer homes" | "warmer house" | "warmer houses" | "warmer 


households" | "warmer housing" 


In: Title 


Publication Date Range: 1993 to 2013 


2 records retrieved 


 


"warm home" | "warm homes" | "warm house" | "warm houses" | "warm households" | "warm 


housing" | "warmer home" | "warmer homes" | "warmer house" | "warmer houses" | "warmer 


households" | "warmer housing" 


In: Abstract 


Publication Date Range: 1993 to 2013 


0 records retrieved 


 


"heating home" | "heating homes" | "heating house" | "heating houses" | "heating households" | 


"heating housing" | "Warm Front" | "Warm Deal" | "Green Deal" | "Warm Zone" | "Energy 


Company Obligation" 


In: Title 


Publication Date Range: 1993 to 2013 


9 records retrieved 


 


"heating home" | "heating homes" | "heating house" | "heating houses" | "heating households" | 


"heating housing" | "Warm Front" | "Warm Deal" | "Green Deal" | "Warm Zone" | "Energy 


Company Obligation" 


In: Abstract 


Publication Date Range: 1993 to 2013 


12 records retrieved 


 


"damp home" | "damp homes" | "damp house" | "damp houses" | "damp household*" | "damp 


housing" 


In: Title 


Publication Date Range: 1993 to 2013 


0 records retrieved 


 


"damp home" | "damp homes" | "damp house" | "damp houses" | "damp household*" | "damp 


housing" 


In: Abstract 
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Publication Date Range: 1993 to 2013 


1 record retrieved 


 


"energy efficient home" | "energy efficiency home" | "energy efficient homes" | "energy efficiency 


homes" | "energy efficient house" | "energy efficiency house" | "energy efficient houses" | "energy 


efficiency houses" | "energy efficient households" | "energy efficiency households" | "energy 


efficient housing" | "energy efficiency housing" 


In: Title 


Publication Date Range: 1993 to 2013 


6 records retrieved 


 


"energy efficient home" | "energy efficiency home" | "energy efficient homes" | "energy efficiency 


homes" | "energy efficient house" | "energy efficiency house" | "energy efficient houses" | "energy 


efficiency houses" | "energy efficient households" | "energy efficiency households" | "energy 


efficient housing" | "energy efficiency housing" 


In: Abstract 


Publication Date Range: 1993 to 2013 


15 records retrieved 


 


("energy efficient" | "energy efficiency") + cost 


In: Title 


Publication Date Range: 1993 to 2013 


34 records retrieved 


[NB almost 600 records when searched in Abstract] 


 


"winter falls" | "winter accidents" | "winter injuries" | "seasonal falls" | " seasonal accidents" | " 


seasonal injuries"  


In: Title 


Publication Date Range: 1993 to 2013 


0 records retrieved 


 


"winter falls" | "winter accidents" | "winter injuries" | "seasonal falls" | " seasonal accidents" | " 


seasonal injuries"  


In: Abstract 


Publication Date Range: 1993 to 2013 


0 records retrieved 


 


"health forecast" | "health forecasts" | "health forecasting" 


In: Title 


Publication Date Range: 1993 to 2013 


1 record retrieved 


 


"health forecast" | "health forecasts" | "health forecasting" 


In: Abstract 


Publication Date Range: 1993 to 2013 
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1 record retrieved 


 


Key: 


| OR 


+ AND 


"   " phrase search  


 


Campbel Library (http://www.campbellcollaboration.org/library.php). Searched 3 October 2013. 


 


0 title is winter OR weather OR season* OR temperature OR cold OR colder 0 


1 keywords is winter OR weather OR season* OR temperature OR cold OR colder 0 


2 title is fuel 0 


3 keywords is fuel 0 


4 title is house OR houses OR housing 2 


5 keywords is house OR houses OR housing 1 


6 title is damp* OR mold* OR mould* 0 


7 keywords is damp* OR mold* OR mould* 0 


8 title is "energy efficient" OR "energy efficiency" 0 


9 keywords is "energy efficient" OR "energy efficiency" 0 


10 title is falls OR falling OR slip OR slips OR slipping 0 


11 keywords is falls OR falling OR slip OR slips OR slipping 0 


12 title is accident* OR injury OR injuries OR injured OR fracture* 3 


13 keywords is accident* OR injury OR injuries OR injured OR fracture* 2 


14 title is forecast* 0 


15 keywords is forecast* 0 


16 title is winter OR weather OR season* OR temperature OR cold OR colder or 


keywords is winter OR weather OR season* OR temperature OR cold OR colder or 


title is fuel or keywords is fuel or title is house OR houses OR housing or keywords 


is house OR houses OR housing or title is damp* OR mold* OR mould* or 


keywords is damp* OR mold* OR mould* or title is "energy efficient" OR "energy 


efficiency" or keywords is "energy efficient" OR "energy efficiency" or title is falls 


OR falling OR slip OR slips OR slipping or keywords is falls OR falling OR slip OR 


slips OR slipping or title is accident* OR injury OR injuries OR injured OR fracture* 


or keywords is accident* OR injury OR injuries OR injured OR fracture* or title is 


forecast* or keywords is forecast* 


6 


NB. Only 1 record was retrieved; the other 5 records were irrelevant 


 


Key: 


title  searches are restricted to the title field 


keywords searches are restricted to the keywords field 


*  truncation symbol 


"   "  phrase search  
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Trials Register of Promoting Health Interventions (TRoPHI) (EPPI-Centre database interface). 


Searched 3 October 2013. 


 


Freetext: "winter death*" OR "winter fatalit*" OR "winter mortalit*" OR "winter morbidit*" OR 


"winter illness*" OR "winter disease*" 0 


Freetext: "weather death*" OR "weather fatalit*" OR "weather mortalit*" OR "weather morbidit*" 


OR "weather illness*" OR "weather disease*" 0 


Freetext: "temperature* death*" OR "temperature* fatalit*" OR "temperature* mortalit*" OR 


"temperature* morbidit*" OR "temperature* illness*" OR "temperature* disease*"  0 


Freetext: "cold* death*" OR "cold* fatalit*" OR "cold* mortalit*" OR "cold* morbidit*" OR "cold* 


illness*" OR "cold* disease*"  0 


Freetext: (excess OR excessive OR severe OR severity OR exposure) AND (winter OR weather OR 


"temperature*" OR cold OR colder)  9 


Freetext: ("vulnerab*" or risk OR risks OR "suceptib*") AND (winter OR weather OR "temperature*" 


OR cold OR colder)  8 


Freetext: "season*" AND ("death*" OR "fatalit*" OR "mortalit*" OR "morbidit*" OR "risk*" OR 


"vulnerabl*" OR "suceptib*")  17 


Freetext: "fuel poverty" OR "winter fuel" OR "winter payment*" OR "cold payment*" OR "weather 


payment*"  0 


Freetext: (cold OR "freez*" OR frozen) AND (home OR homes OR house OR houses OR "household*" 


OR housing)  1 


Freetext: ("warm*" OR "heat*" OR "underheat*" OR "temperature*" OR "insulat*") AND (home OR 


homes OR house OR houses OR "household*" OR housing)  8 


Freetext: ("damp*" OR "mold*" OR "mould*") AND (home OR homes OR house OR houses OR 


"household*" OR housing)  2 


Freetext: "energy efficien*" OR "home energy" OR "Warm Front" OR "Warm Deal" OR "Green Deal" 


OR "Warm Zone" OR "Energy Company Obligation" OR "thermal comfort"  0 


Freetext: (falls OR falling OR slip OR slips OR slipping) AND (winter OR snow OR ice OR weather OR 


"season*")  2 


Freetext: ("accident*" OR injury OR injuries OR injured OR "fracture*" OR "trauma*") AND (winter 


OR snow OR ice OR weather OR "season*")  9 


Freetext: ("forecast*" OR "alert*" OR "warning*" OR "alarm*") AND (cold OR colder OR weather OR 


winter OR "met office" OR "meteorological office")  1 


Freetext: "health forecast*"  0 


1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16  44 


 


NB. Only 8 records were retrieved; the other 36 records were irrelevant 


 


Key: 


Freetext searches are restricted to the text fields (title, author and abstract) 


*  truncation symbol 


"   "  phrase search  


"  *"  ensures truncation search works 
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Database of Promoting Health Effectiveness Reviews (DoPHER) (EPPI-Centre database interface). 


Searched 3 October 2013. 


 


Freetext: "winter death*" OR "winter fatalit*" OR "winter mortalit*" OR "winter morbidit*" OR 


"winter illness*" OR "winter disease*"  0 


Freetext: "weather death*" OR "weather fatalit*" OR "weather mortalit*" OR "weather morbidit*" 


OR "weather illness*" OR "weather disease*" 0 


Freetext: "temperature* death*" OR "temperature* fatalit*" OR "temperature* mortalit*" OR 


"temperature* morbidit*" OR "temperature* illness*" OR "temperature* disease*"  0 


Freetext: "cold* death*" OR "cold* fatalit*" OR "cold* mortalit*" OR "cold* morbidit*" OR "cold* 


illness*" OR "cold* disease*"  0 


Freetext: (excess OR excessive OR severe OR severity OR exposure) AND (winter OR weather OR 


"temperature*" OR cold OR colder)  2 


Freetext: ("vulnerab*" or risk OR risks OR "suceptib*") AND (winter OR weather OR "temperature*" 


OR cold OR colder)  5 


Freetext: "season*" AND ("death*" OR "fatalit*" OR "mortalit*" OR "morbidit*" OR "risk*" OR 


"vulnerabl*" OR "suceptib*")  3 


Freetext: "fuel poverty" OR "winter fuel" OR "winter payment*" OR "cold payment*" OR "weather 


payment*"  0 


Freetext: (cold OR "freez*" OR frozen) AND (home OR homes OR house OR houses OR "household*" 


OR housing)  1 


Freetext: ("warm*" OR "heat*" OR "underheat*" OR "temperature*" OR "insulat*") AND (home OR 


homes OR house OR houses OR "household*" OR housing)  6 


Freetext: ("damp*" OR "mold*" OR "mould*") AND (home OR homes OR house OR houses OR 


"household*" OR housing)  2 


Freetext: "energy efficien*" OR "home energy" OR "Warm Front" OR "Warm Deal" OR "Green Deal" 


OR "Warm Zone" OR "Energy Company Obligation" OR "thermal comfort"  3 


Freetext: (falls OR falling OR slip OR slips OR slipping) AND (winter OR snow OR ice OR weather OR 


"season*")  0 


Freetext: ("accident*" OR injury OR injuries OR injured OR "fracture*" OR "trauma*") AND (winter 


OR snow OR ice OR weather OR "season*")  2 


Freetext: ("forecast*" OR "alert*" OR "warning*" OR "alarm*") AND (cold OR colder OR weather OR 


winter OR "met office" OR "meteorological office")  0 


Freetext: "health forecast*"  0 


1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16  14 


 


NB. Only 5 records were retrieved; the other 9 records were irrelevant 


 


Key: 


Freetext searches are restricted to the text fields (title, author and abstract) 


*  truncation symbol 


"   "  phrase search  


"  *"  ensures truncation search works 


 


OpenGrey (http://www.opengrey.eu/). Searched 3 October 2013. 
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("winter death*" OR "winter fatalit*" OR "winter mortalit*" OR "winter morbidit*" OR "winter 


illness*" OR "winter disease*" OR "fuel poverty" OR "winter fuel" OR "winter payment*" OR "cold 


payment*" OR "weather payment*" OR "cold home" OR "cold homes" OR "cold house" OR "cold 


houses" OR "cold household*" OR "cold housing" OR "warm* home" OR "warm* homes" OR 


"warm* house" OR "warm* houses" OR "warm* household*" OR "warm* housing" OR "heat* 


home" OR "heat* homes" OR "heat* house" OR "heat* houses" OR "heat* household*" OR "heat* 


housing" OR "Warm Zone" OR "Energy Company Obligation") 


 


Key: 


* truncation symbol 


"   " phrase search  


 


NHS Evidence  (                             ). Searched 18 October 2013. 


 


Limited by ‘Types of information’: Drug/Medicines Management; Drug Costs; Commissioning Guides; 


Evidence Summaries; Grey literature; Guidelines; Health Technology Assessments; Policy and Service 


Development; Population Needs Assessment; Primary Research; Systematic Reviews - Not 


Population Intelligence; Patient Information 


 


"winter deaths" OR "winter death" 


"winter mortality" OR "winter morbidity" 


"fuel poverty" 


"weather payments" OR "weather payment" 


"cold homes" OR "cold house" OR "cold houses" OR "cold housing" 


"energy efficient homes" OR "energy efficient house" OR "energy efficient houses" OR "energy 


efficient housing" 


"home energy" OR "home insulation" 


"Warm Front" OR "Warm Deal" OR "Green Deal" OR "Warm Zone" OR "Energy Company Obligation" 


"winter fall" OR "winter falls" OR "winter accident" OR "winter accidents" 


"weather forecast" OR "weather forecasts" OR "weather forecasting" OR "weather alert" OR 


"weather alerts" 


"health forecast" OR "health forecasts" OR "health forecasting" 


 


Key: 


"   " phrase search  


 


RIBA Catalogue  (http://riba.sirsidynix.net.uk/uhtbin/webcat). Searched 15 October 2013. 


 


Advanced Search 


Keyword(s) 


 


winter ADJ death$ 


(winter OR temperature$ OR cold OR colder) AND mortalit$ 


(winter OR temperature$ OR cold OR colder) AND morbidit$ 
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(winter OR weather OR temperature$ OR cold OR colder) AND (vulnerab$ OR risk OR risks OR 


suceptib$) 


fuel ADJ poverty 


(cold OR freez$ OR frozen) ADJ (home OR homes OR house OR houses OR household$ OR housing)  


(warm$ OR heat$ OR underheat$ OR temperature$) (home OR homes OR house OR houses OR 


household$ OR housing)  


(damp$ OR humid$ OR mold$ OR mould$) ADJ (home OR homes OR house OR houses OR 


household$ OR housing) 


(energy ADJ efficien$) AND (home OR homes OR house OR houses OR household$ OR housing) 


(energy ADJ efficien$) AND (home OR homes OR house OR houses OR household$ OR housing) 


(home ADJ energy) AND (program$ OR assist$) 


 


1993 - 2013 


 


Key: 


ADJ     adjacent terms 


$ truncation symbol 


 


NYAM Grey Literature Report (http://www.greylit.org/). Searched 18 October 2013. 


 


Each line was searched separately 


 


winter death 


winter mortality 


winter morbidity 


fuel poverty 


weather payments 


weather payment 


cold homes 


cold house 


cold housing 


energy efficient home 


energy efficient house 


home energy 


home insulation 


winter falls 


winter accident 


weather forecast 


weather alert 


 


Scopus (Elsevier). 1823-2013/Oct. Searched 18 October 2013. 


 


Advanced search 
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((TITLE-ABS-KEY("Warm Front" OR "Warm Deal" OR "Green Deal" OR "Warm Zone" OR "Energy 


Company Obligation")) OR (TITLE-ABS-KEY("winter falls" OR "winter accident*" OR "winter injur*")) 


OR (TITLE-ABS-KEY("health forecast*")) OR ((TITLE-ABS-KEY("winter death" OR "winter fatalit*" OR 


"winter mortalit*" OR "winter morbidit*")) OR (TITLE-ABS-KEY(weather W/2 (death* OR fatalit* OR 


mortalit* OR morbidit*))) OR (TITLE-ABS-KEY("season* death" OR "season* fatalit*" OR "season* 


mortalit*" OR "season* morbidit*")) OR (TITLE-ABS-KEY((winter OR weather OR cold OR colder) W/2 


(vulnerab* OR risk OR risks OR suceptib*))) OR (TITLE-ABS-KEY("fuel poverty" OR "winter fuel" OR 


"winter payment*" OR "winter allowance*" OR "weather payment*" OR "weather allowance*")) OR 


(TITLE-ABS-KEY((cold OR freez* OR frozen) W/2 (home OR homes OR house OR houses OR 


household* OR housing))) OR (TITLE-ABS-KEY("energy efficien*" W/2 (home OR homes OR house OR 


houses OR household* OR housing))) OR (TITLE-ABS-KEY("home energy" W/2 (program* OR 


assist*))))) AND NOT ((ALL((rat OR rats OR mouse OR mice OR murine OR hamster OR hamsters OR 


animal OR animals OR dogs OR dog OR canine OR pig OR pigs OR cats OR bovine OR cow OR cattle 


OR sheep OR ovine OR porcine))) OR (ALL((monkey OR monkeys OR hen OR hens OR chicken OR 


chickens OR poultry OR rabbit OR rabbits OR fish OR fishes OR salmon OR bird OR birds OR insect OR 


insects))) OR (ALL((tree OR trees OR woodland OR forest OR forests OR plant OR plants OR leaf OR 


leaves OR soil OR agriculture OR agricultural OR agronomy OR crop OR crops OR grass OR grasses)))) 


AND (LIMIT-TO(PUBYEAR, 2014) OR LIMIT-TO(PUBYEAR, 2013) OR LIMIT-TO(PUBYEAR, 2012) OR 


LIMIT-TO(PUBYEAR, 2011) OR LIMIT-TO(PUBYEAR, 2010) OR LIMIT-TO(PUBYEAR, 2009) OR LIMIT-


TO(PUBYEAR, 2008) OR LIMIT-TO(PUBYEAR, 2007) OR LIMIT-TO(PUBYEAR, 2006) OR LIMIT-


TO(PUBYEAR, 2005) OR LIMIT-TO(PUBYEAR, 2004) OR LIMIT-TO(PUBYEAR, 2003) OR LIMIT-


TO(PUBYEAR, 2002) OR LIMIT-TO(PUBYEAR, 2001) OR LIMIT-TO(PUBYEAR, 2000) OR LIMIT-


TO(PUBYEAR, 1999) OR LIMIT-TO(PUBYEAR, 1998) OR LIMIT-TO(PUBYEAR, 1997) OR LIMIT-


TO(PUBYEAR, 1996) OR LIMIT-TO(PUBYEAR, 1995) OR LIMIT-TO(PUBYEAR, 1994) OR LIMIT-


TO(PUBYEAR, 1993)) AND (LIMIT-TO(LANGUAGE, "English")) AND (LIMIT-TO(SUBJAREA, "DECI") OR 


LIMIT-TO(SUBJAREA, "MEDI") OR LIMIT-TO(SUBJAREA, "ENVI") OR LIMIT-TO(SUBJAREA, "SOCI") OR 


LIMIT-TO(SUBJAREA, "BUSI") OR LIMIT-TO(SUBJAREA, "NURS") OR LIMIT-TO(SUBJAREA, "ECON") OR 


LIMIT-TO(SUBJAREA, "PSYC") OR LIMIT-TO(SUBJAREA, "HEAL") OR LIMIT-TO(SUBJAREA, "PHAR") OR 


LIMIT-TO(SUBJAREA, "DECI") OR LIMIT-TO(SUBJAREA, "MULT")) 


 


Key: 


SUBJAREA  Subject Areas 


TITLE-ABS-KEY   searches are restricted to the title, abstract and keyword fields 


W        searches for adjacent terms 


W/3   searches for terms within three words of each other 


*   truncation symbol 


"   "   phrase search 


 


Avery Index to Architectural Periodicals (ProQuest). 1934-2013/Oct. Searched 24 October 2013. 


 


TI,AB(winter NEAR/4 (death* OR fatality* OR mortality* OR morbidity* OR illness* OR disease*)) OR 


(TI,AB(winter NEAR/4 (death* OR fatality* OR mortality* OR morbidity* OR illness* OR disease*)) OR 


(TI,AB(weather NEAR/3 (death* OR fatality* OR mortality* OR morbidity* OR illness* OR disease*)) 


OR TI,AB(temperature* NEAR/3 (death* OR fatality* OR mortality* OR morbidity* OR illness* OR 


disease*)))) OR TI,AB((cold OR colder) NEAR/4 (spell* OR season* OR month* OR period* OR 
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condition* OR event*1 OR related OR excess OR excessive OR severe OR severity OR extreme)) OR 


TI,AB((excess OR excessive OR severe OR severity OR exposure) NEAR/3 winter) OR TI,AB(winter 


NEAR/4 (vulnerable* OR risk*1 OR suceptib*)) OR TI,AB(temperature* NEAR/3 (vulnerable* OR 


risk*1 OR suceptib*)) OR TI,AB(weather NEAR/3 (vulnerable* OR risk*1 OR suceptib*)) OR 


TI,AB((cold OR colder) NEAR/3 (vulnerable* OR risk*1 OR suceptib*)) OR TI,AB(season* NEAR/3 


(death* OR fatality* OR mortality* OR morbidity* OR risk*1 OR vulnerable* OR suceptib*)) OR 


TI,AB(fuel NEAR/3 (poverty OR poor OR afford OR affordable OR affordability OR tariff)) OR 


TI,AB(winter NEAR/3 fuel) OR TI,AB(winter NEAR/3 (payment* OR allowance* OR benefit* OR grant* 


OR voucher*)) OR TI,AB((cold OR weather) NEAR/3 (payment* OR allowance* OR benefit* OR grant* 


OR voucher*)) OR TI,AB((cold OR free* OR frozen) NEAR/3 (home OR homes OR house OR houses OR 


household* OR housing)) OR TI,AB((warm* OR heat* OR underseat* OR temperature*) NEAR/3 


(home OR homes OR house OR houses OR household* OR housing)) OR TI,AB((damp* OR humid* OR 


mold OR moldy OR mould OR mouldy OR condensation*) NEAR/3 (home OR homes OR house OR 


houses OR household* OR housing)) OR TI,AB((cold OR free* OR frozen) NEAR/3 (accommodation* 


OR rent OR rents OR rented OR tenancy OR tenancies OR dwelling*)) OR TI,AB((warm* OR heat* OR 


underseat* OR temperature*) NEAR/3 (accommodation* OR rent OR rents OR rented OR tenancy 


OR tenancies OR dwelling*)) OR TI,AB((damp* OR humid* OR mold OR moldy OR mould OR mouldy 


OR condensation*) NEAR/3 (accommodation* OR rent OR rents OR rented OR tenancy OR tenancies 


OR dwelling*)) OR TI,AB("energy efficien* home" OR "energy efficien* homes" OR "energy efficien* 


house" OR "energy efficien* houses" OR "energy efficien* household*" OR "energy efficien* 


housing") OR TI,AB("energy efficien* accommodation*" OR "energy efficien* rent" OR "energy 


efficien* rents" OR "energy efficien* rented" OR "energy efficien* tenancy*" OR "energy efficien* 


tenancies" OR "energy efficien* dwelling*" OR "energy efficien* domestic*") OR TI,AB("home energy 


program*" OR "home energy assist*") OR TI,AB("Warm Front" OR "Warm Deal" OR "Green Deal" OR 


"Warm Zone" OR "Energy Company Obligation") OR TI,AB("thermal comfort") OR TI,AB((falls OR 


falling) NEAR/3 (winter OR snow OR ice OR weather)) OR TI,AB((accident* OR injury OR injuries OR 


injured OR fracture* OR trauma*) NEAR/3 (winter OR snow OR ice OR weather)) OR TI,AB((grit OR 


gritted OR gritting OR gritter*) NEAR/3 (road* OR pavement* OR sidewalk* OR driveway* OR 


pathway* OR path*1)) OR TI,AB((forecast* OR alert* OR warning* OR alarm*) NEAR/3 (cold OR 


colder OR weather OR winter OR "met office" OR "meteorological office")) OR TI,AB("health 


forecast*") 


 


Key: 


TI,AB  searches are restricted to the title and abstract fields 


NEAR   searches for adjacent terms 


NEAR/3 searches for terms within three words of each other 


*  truncation symbol 


*1  truncation restricted to one character 


"  "  phrase search 


 


ICONDA International (Ovid). 1976-2013/Oct. Searched 25 October 2013. 


 


1 (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 3 


2 (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 2 
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3 (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or 


disease$)).ti,ab. 0 


4 ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. 246 


5 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. 2252 


6 4 and 5 0 


7 ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. 39 


8 (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 5 


9 (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 13 


10 (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 17 


11 ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 3 


12 (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. 7 


13 1 or 2 or 3 or 6 or 7 or 8 or 9 or 10 or 11 or 12 87 


14 ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. 116 


15 (winter adj3 fuel).ti,ab. 1 


16 (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. 4 


17 ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab.


 8 


18 ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. 46 


19 14 or 15 or 16 or 17 or 18 174 


20 ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. 36 


21 ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses 


or household$ or housing)).ti,ab. 396 


22 ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. 88 


23 ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. 2 


24 ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. 52 


25 ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or 


rents or rented or tenancy or tenancies or dwelling$)).ti,ab. 9 


26 (energy efficien$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab.


 294 


27 (energy efficien$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies 


or dwelling$ or domestic$)).ti,ab. 30 


28 (home energy adj2 (program$ or assist$)).ti,ab. 2 


29 (insulat$ adj2 (home or homes or house or houses or household$ or housing)).ti,ab. 103 


30 (insulat$ adj2 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. 35 


31 (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company 


Obligation).ti,ab. 12 
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32 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 1009 


33 ((falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather)).ti,ab. 15 


34 ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or 


ice or weather)).ti,ab. 34 


35 ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ 


or pathway$ or path$1)).ti,ab. 2 


36 33 or 34 or 35 51 


37 ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. 50 


38 health forecast$.ti,ab. 0 


39 37 or 38 50 


40 13 or 19 or 32 or 36 or 39 1353 


41 limit 40 to (english and yr="1993 -Current") 492 


 


Key: 


.ti,ab. searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


PsycEXTRA (Ovid). 1908-2013/Oct. Searched 25 October 2013. 


 


1 (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 3 


2 (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 4 


3 (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or 


disease$)).ti,ab. 2 


4 ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. 51 


5 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. 20625 


6 4 and 5 8 


7 ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. 3 


8 (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 3 


9 (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 2 


10 (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 7 


11 ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 5 


12 (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. 1 


13 or/1-3,6-12 33 


14 ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. 5 


15 (winter adj3 fuel).ti,ab. 0 


16 (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. 0 
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17 ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab.


 1 


18 ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. 3 


19 or/14-18 9 


20 ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. 0 


21 ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses 


or household$ or housing)).ti,ab. 14 


22 ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. 2 


23 ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. 0 


24 ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. 0 


25 ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or 


rents or rented or tenancy or tenancies or dwelling$)).ti,ab. 0 


26 (energy efficien$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab.


 0 


27 (energy efficien$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies 


or dwelling$ or domestic$)).ti,ab. 0 


28 (home energy adj2 (program$ or assist$)).ti,ab. 6 


29 (insulat$ adj2 (home or homes or house or houses or household$ or housing)).ti,ab. 0 


30 (insulat$ adj2 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. 0 


31 (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company 


Obligation).ti,ab. 0 


32 thermal comfort.ti,ab. 13 


33 or/20-32 34 


34 ((falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather)).ti,ab. 5 


35 ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or 


ice or weather)).ti,ab. 24 


36 ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ 


or pathway$ or path$1)).ti,ab. 0 


37 or/34-36 29 


38 ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. 28 


39 health forecast$.ti,ab. 0 


40 or/38-39 28 


41 13 or 19 or 33 or 37 or 40 126 


42 limit 41 to (english language and yr="1993 -Current") 93 


 


Key: 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 
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adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 
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Appendix 4: Excluded studies 
 
 
The following nine studies were excluded after review of the full paper – in each case because they 
were judged not to have direct evidence on the issue of vulnerability/effect modification in relation 
to cold related risks.  
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Appendix 5: Evidence tables 
 


Ref 
no. 


Study & 
citation 


Aim of study Study design Validity 
score 


Population 
and setting 


Classifying 
exposure 


Outcomes Methods of 
analysis 


Results Notes 


Int Ext 


2013           
11 Atsumi A, Ueda 


K, Irie F, 
Sairenchi T, 
Iimura K, 
Watanabe H, et 
al. Relationship 
between cold 
temperature 
and 
cardiovascular 
mortality, with 
assessment of 
effect 
modification by 
individual 
characteristics: 
Ibaraki 
Prefectural 
Health Study. 
Circ J. 2013; 
77(7): 1854-
61.


11
  


To determine 
susceptibility 
to cold 
temperature-
related 
cardiovascular 
mortality. 
 


Case cross-
over  


++ + 3,593 subjects 
from the 
Ibaraki 
Prefectural 
Health Study 
who died of 
cardiovascular 
disease (mean 
follow-up 
9.7+/-4.0 
years) 


Daily values of 
meteorologic
al variables  
(from the 
Japan 
Meteorologic
al Agency) 


Mortality and by 
subgroup: 
cardiovascular, 
stroke  


Time-stratified case 
cross-over(year-
month-d.o.w. 
strata)., adj for RH. 
“V” model a priori 
apex at 27C 
(=85%ile). Lags 
0,...,10 
“separately”. 
 
Effect modification 
examined by age 
(<80,>=80), obesity, 
smoking, alcohol, 
hypertension, 
hyperglycaemia. 


 Adjusted ORs per 1C decrease in daily 
maximum temperature over the day of 
death and the 2 days prior to this day 
were: 
 
Cardiovascular   1.018 (1.003-1.034) 
Stroke  1.025 (1.003-1.048)  
(Not cardiac disease) 
 
Sub-groups with significantly higher 
risk: 
 
age <80 CVD            1.034 (1.012-1.056) 
hyperglycemia  1.076 (1.023-1.131) 
stroke    
 
Other subgroup differences were not 
significant. 
 
Authors’ conclusion: younger age and 
hyperglycemia enhance susceptibility 
to cold temperature-related 
cardiovascular death 


 
 


12 Callaly E, Mikulich 
O, Silke B. 
Increased winter 
mortality: The 
effect of season, 
temperature and 
deprivation in the 
acutely ill medical 
patient. Eur. 
2013; 24(6): 546-


To examine 
variations in 
seasonal 
morality among 
all emergency 
medical 
admissions to St 
James' Hospital, 
Dublin, 
exploring the 


Observational 
study  


 


+ + All emergency 
medical 
admissions to St 
James' Hospital, 
Dublin, 2002-
2011 


Seasonal 
classification 


Emergency medical 
admission;  
 
30-day mortality 


Comparison of 
admission rates, 
patient characteristics, 
and 30-day hospital 
mortality 


30-day in-hospital mortality was lowest in 
autumn (7.5%) and highest in winter (9.6%).  
 
Winter admission had 17% (p=0.009) 
increased unadjusted risk of a death by day 
30 (OR 1.17: 95% CI 1.07, 1.28).  
 
A clinical classification system identified that 
chronic obstructive disease, pneumonia, 
epilepsy/seizures and congestive heart 


 
Limitations relate to linear regression 
with temperature function.  
Temperature exposures and changes 
temperature locally and air quality were 
not accounted for. 
 
Excess winter period chosen by 
arbitrary winter period. 30 day in 
hospital  deaths is somewhat arbitrary 
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51.12  effects of 
ambient 
temperature, 
deprivation 
markers, case-
mix, co-
morbidity and 
illness severity. 


 


failure had more presentations in the 
winter.  
 
Multivariate analysis found that winter was 
not an independent predictor (OR 1.08: 95% 
CI 0.97, 1.19). Predictors including illness 
severity and the Charlson Index accounted 
for the increased risk of winter admission.  
 
The minimum daily temperature 
independently predicted outcome; there 
was a 20% increased in-hospital death rate 
when it was colder (OR 1.20: 95% CI 1.09, 
1.33; p<0.001). Deprivation was a univariate 
and multivariate (OR 1.22 95%CI 1.07, 1.39; 
p=0.002) predictor of mortality, but did not 
show marked seasonal variation. 
 
Authors’ conclusion: Patients admitted in 
the winter have an approximate 17% 
increased risk of an in-hospital death by 
30days; this is related to cold along with 
increased illness severity and co-morbidity 
burden. The disease profile is different with 
winter admissions. 


 
Generalisable to hospital admissions in 
England. 


13 de'Donato FK, 
Leone M, Noce 
D, Davoli M, 
Michelozzi P. 
The impact of 
the February 
2012 cold spell 
on health in 
Italy using 
surveillance 
data. PLoS ONE. 
2013; 8(4): 
e61720.  
 


To estimate 
the impact of 
the February 
2012 cold 
spell in Italy 
(characterized 
by extremely 
low 
temperatures 
and heavy 
snowfall) on 
health in 
Italian cities  


Analysis of 
data from the 
rapid 
surveillance 
systems. 


++ + Italy: data 
from a 
national daily 
mortality 
surveillance 
system, 
operational 
since 2004 in 
34 cities. 


Days of the 
cold spell: 
defined as 
days when 
mean 
temperatures 
were below 
the 10(th) 
percentile of 
the February 
distribution 
for more than 
three days. 


Mortality 
 
For Rome, a 
cause-specific 
analysis using the 
Regional 
Mortality Registry 
and the 
emergency visits 
(ER) surveillance 
system 


Excess mortality 
was calculated as 
the difference 
between observed 
and expected daily 
values.  


An overall 1578 (+25%) excess deaths 
among the 75+ age group was 
recorded in the 14 cities that registered 
a cold spell in February 2012. A 
statistically significant excess in 
mortality was observed in several cities 
ranging from +22% in Bologna to +58% 
in Torino.  
 
Cause-specific analyses for Rome 
showed a statistically significant excess 
in mortality among the 75+ age group 
for: 
-- respiratory disease (+64%) 
-- COPD (+57%) 
-- cardiovascular disease (+20%) 
-- ischemic heart disease (14%) 
-- other heart disease (+33%). 
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Similar results were observed for ER 
visits.  
 


14 de Vries R, 
Blane D. Fuel 
poverty and the 
health of older 
people: the role 
of local climate. 
J Public Health 
(Oxf). 2013; 
35(3): 361-6.


14
  


To investigate 
the 
association 
between 
climate and 
fuel poverty 
as it relates to 
the health of 
older people. 
 


Semi-
ecological 
cohort study 


+ + Analysis of 
data from the 
2008/09 wave 
of the English 
Longitudinal 
Study of 
Ageing, a 
panel study of 
people aged 
50+. ELSA is a 
stratified 
random 
sample 
designed to 
be 
representativ
e.  Of 8643 
participants, 
1483 
excluded for 
missing data, 
leaving 
N=7160.  Final 
sample seems 
representativ
e. 


Individuals 
were 
classified for 
climate using 
UK Met Office 
data for 89 
English 
counties and 
unitary 
authorities.  
Climate 
measure 
based on 
minimum 
winter 
temperature 
and mean 
monthly 
rainfall. 
 
 Fuel poverty 
was defined 
as individuals 
with total fuel 
expenditures 
in excess of 
10% of 
household 
income. 
 
Included 
measures of 
age, gender, 
height, 
smoking 
status and net 
weekly 


Individual data 
on: 
- respiratory 
health (peak 
expiratory flow) 
- hypertension 
(blood pressure) 
- depressive 
symptoms 
(questionnaire) - 
self-rated health 


Multilevel 
regression models 
were used to test (i) 
the association 
between local 
climate and fuel 
poverty risk, and (ii) 
the association 
between local 
climate and the 
effect of fuel 
poverty on health 
(adjusted for age, 
gender, height, 
smoking status and 
household income). 
 


 Individual risk of fuel poverty varied 
across counties. However, this 
variation was not explained by 
differences in climate.  
 
Fuel poverty was significantly related 
to worse health for respiratory health, 
β = -9.22 (-16.83,-1.61) and depressive 
symptoms, OR = 1.37 (1.17,1.61), but 
not hypertension or self-rated health.  
 
No significant effect of climate on the 
association of fuel poverty with these 
outcomes. 
 
Authors’ conclusion: although there is 
regional variation in England in both 
the risk of fuel poverty and its effects 
on health, this variation is not 
explained by differences in rainfall and 
winter temperatures. 
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household 
income. 


15 Gomez-Acebo I, 
Llorca J, 
Dierssen T. 
Cold-related 
mortality due to 
cardiovascular 
diseases, 
respiratory 
diseases and 
cancer: a case-
crossover study. 
Public Health. 
2013; 127(3): 
252-8.


15
  


To investigate 
the 
relationship 
between low 
winter 
temperatures 
and mortality 
due to cancer, 
cardiovascular 
(CVD) and 
respiratory 
diseases 


Case-
crossover 
study 


++ + Deaths 
(n=3948) from  
one of the 
three causes 
in the 
population of  
Cantabria 
(northern 
Spain), 2004-
2005. Only 
included 
municipalities 
with at least 
10,000 
inhabitants 
(68% of the 
regional 
population). 
Data from 
National 
Institute of 
Statistics. 


Minimum 
temperature 
(linkage to 
local 
monitoring 
station) 


Cause-specific 
mortality: 
 
Cardiovascular 
Respiratory 
Cancer 


Conditional logistic 
regression, 
stratified by age, 
sex, and delay of 
exposure to low 
temperatures.  
Three lags explored 
(0, 0-3, 0-6). 


There was an inverse dose-response 
relationship between temperature and 
mortality in the three causes of death 
studied; this result was consistent 
across genders and age groups.  
 
For all observations, CVD had the 
highest odds ratio at lag 0-6 and cancer 
at lag 0.  Effects on respiratory disease 
were relatively similar at all lags but 
also highest at lag 0.  
 
Odds ratios by subgroup 
 (Minimum temperature <5


th
 percentile 


versus > 5
th


 percentile.  Authors 
reported associations at all three lags, 
but the below reports only the lag with 
the greatest effect and/or most 
complete sub-group analysis):   
 
Cardiovascular, lag 0-6: 
Age 15-64: 12.67 (2.6,61.62)  
Age 65-74: 7.43 (2.45-22.59) 
Age ≥75: 3.8 (2.83,5.09) 
Male: 3.9 (2.51,6.06) 
Female: 4.75 (3.25,6.92) 
 
Respiratory, lag 0-3: 
Age 15-64: Not reported 
Age 65-74:14.34 (1.57,130.89) 
Age ≥ 75: 2.84 (1.74,4.62) 
Male: 4.11 (2.13,7.91) 
Female: 5.15 (2.21,12.02) 
 
Cancer, lag 0: 
Age 15-64: 2 (0.18,22.06) 
Age 65-74: 1.5 (0.25,8.98) 
Age ≥ 75: 17.9 (2.38,134.81) 
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Male: 3.9 (1.06,14.39) 
Female: 6.38 (1.42,28.63) 
 
Authors note: “There is a striking 
association between the extreme cold 
temperatures and mortality from 
cancer, not previously reported, which 
is more remarkable in the elderly. 
These results could be explained by a 
harvesting effect in which the cold acts 
as a trigger of death in terminally ill 
patients at high risk of dying a few days 
or weeks later.” 


16 Hajat S, Chalabi 
P, Wilkinson P, 
Erens B, Jones L, 
Mays N. 
Evaluation Of 
The 
Implementation 
And Health-
Related Impacts 
Of The National 
Cold Weather 
Plan For 
England 
London: 
Department of 
Health; 2013.


16
  


To assess the 
implementati
on of the Cold 
Weather Plan 
(CWP) in 
2012/13, in 
parallel with 
analysis of 
weather-
health 
relationships 
and trends 
over time. 


Time-series 
and other 
analyses of 
routine 
population 
health data  


++ ++ Mortality data 
for England by 
region, 1996-
2006 [to be 
updated to 
2011].  
Emergency 
hospital 
admissions 
data for 1997-
2011, and 
A&E visits 
data for 2007-
2011. 


Weather data 
(temperature) 
from region-
specific 
meteorologic
al monitoring 
stations 


All-cause and 
cause-specific 
mortality, hospital 
admissions, A&E 
visits due to falls 


Regionally-stratified 
time-series 
analyses.  
Subgroups by age, 
cause. 
 
Confounding 
control: (time 
series) seasonality, 
day of week, 
[influenza – when 
updated] 


Evidence of increase in mortality and 
(less marked) hospital admissions with 
low outdoor temperatures in all 
regions.  Thresholds (for cold effect on 
mortality) vary by region, but are at 
around 6 deg Celsius. 
 
All large cause-of-death categories 
affected, especially cardiovascular 
disease (largest attributable burden) 
and respiratory death (greatest relative 
risk for a 1 deg Celsius decrease in 
temperature below the cold threshold). 
 
Rise in risk with age. 
 
Increased A&E visits from falls occur 
with snow and ice at all ages, but 
greatest relative increase in the 
working age population – not the 
elderly who show only a small increase 
in risk during periods of lying snow, nor 
the young, whose greatest risk of 
fracture occurs in the summer months. 
 
The large majority of cold-deaths occur 
on days that are NOT at the extreme of 


 







133 


 


the temperature distribution and 
therefore not on days when alerts are 
issued by the CWP. 


17 McAllister DA, 
Morling JR, 
Fischbacher 
CM, Macnee W, 
Wild SH. 
Socioeconomic 
deprivation 
increases the 
effect of winter 
on admissions 
to hospital with 
COPD: 
retrospective 
analysis of 10 
years of 
national 
hospitalisation 
data. Prim. 
2013; 22(3): 
296-9.


17
  


To investigate 
whether the 
relationship 
between 
season/tempe
rature and 
admission to 
hospital with 
chronic 
obstructive 
pulmonary 
disease 
(COPD) differs 
with 
deprivation. 
 


Observational 
study 


+ ++ All COPD 
admissions 
(ICD10 codes 
J40-J44 and 
J47) 2001-
2010 for all 
Scottish 
residents by 
month of 
admission 
 
  


Season. 
 
Temperature 
(meteorologic
al data)  
 
Time-
invariant 
classifier 
(effect 
modifier): 
2009 Scottish 
Index of 
Multiple 
Deprivation 
(SIMD) 
quintile 


Hospital 
admission for 
COPD 


Calculation of rates 
and (absolute) rate 
differences and the 
proportion of risk 
during winter 
attributable to main 
effects and 
interactions. 
 
Monthly rates of 
admission by 
average daily 
minimum 
temperatures were 
plotted for each 
quintile of SIMD. 


Absolute differences in admission rates 
between winter and summer increased 
with greater deprivation.  
 
In the most deprived quintile, in 
winter:  
 
19.4% (95% CI 17.3% to 21.4%) of 
admissions were attributable to 
season/deprivation interaction,  
 
61.2% (95% CI 59.5% to 63.0%) to 
deprivation alone, and  
 
5.2% (95% CI 4.3% to 6.0%) to winter 
alone.  
 
Lower average daily minimum 
temperatures over a month were 
associated with higher admission rates, 
with stronger associations evident in 
the more deprived quintiles. 
 
Authors’ conclusions: winter and 
socioeconomic deprivation-related 
factors appear to act synergistically, 
increasing the rate of COPD admissions 
to hospital more among deprived 
people than among affluent people in 
winter than in the summer months. 
Similar associations were observed for 
admission rates and temperatures. 
Interventions effective at reducing 
winter admissions for COPD may have 
potential for greater benefit if 
delivered to more deprived groups 


 
Author noted  limitations 


 
This work is limited by the use of 
average temperatures across 
the country and therefore does not take 
account of significant 
regional variation or the effects of 
maximum/minimum 
temperatures. 


18 McGuinn L, To investigate Case- ++ + Patients with Daily outdoor ICD activation  Fixed stratum case- For every 1 degrees C decrease in  
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Hajat S, 
Wilkinson P, 
Armstrong B, 
Anderson HR, 
Monk V, et al. 
Ambient 
temperature 
and activation 
of implantable 
cardioverter 
defibrillators. 
Int J 
Biometeorol. 
2013; 57(5): 
655-62.


18
  


the degree to 
which 
weather 
influences the 
occurrence of 
serious 
cardiac 
arrhythmias 


crossover 
study 


implanted 
cardiac 
defibrillators 
(ICDs) London 
and the South 
of England, 
1993-2005 


temperature 
based on 
linkage of 
individual to 
data from 
nearest 
meteorologic
al monitoring 
stations based 
on postcode 
of residence 
 
 


 
Modifiers: age, 
sex, drug use, 
diagnosis, severity 


crossover analysis. 
 
Distributed lag 
model 0-7 days. 
 
Spline and linear 
threshold 
 


ambient temperature, risk of 
ventricular arrhythmias up to 7 days 
later increased by 1.2% (-0.6, 2.9%).  
 
Patients over the age of 65 exhibited 
the higher risk 
>= 65 years  3.1%  (0.6-5.5) 
< 65years  -1.5% (-3.6-1.5). 
p(interaction)=0.02 
 
Other modifiers were not significant, 
but power was limited.  
 
Authors note: “This provides evidence 
about a mechanism for some cases of 
low-temperature cardiac death, and 
suggests a possible strategy for 
reducing risk among selected cardiac 
patients by encouraging behaviour 
modification to minimise cold 
exposure.” 


19 Madrigano J, 
Mittleman MA, 
Baccarelli A, 
Goldberg R, 
Melly S, von 
Klot S, et al. 
Temperature, 
myocardial 
infarction, and 
mortality: effect 
modification by 
individual- and 
area-level 
characteristics. 
Epidemiology. 
2013; 24(3): 
439-46.


19
  


To examine 
the 
association 
between 
temperature 
and 
occurrence of 
acute 
myocardial 
infarction 
(MI), as well 
as subsequent 
mortality. 
 
Also to 
investigation 
potential 
individual-
level and 


Case-
crossover 


++ + The 
Worcester 
Heart Attack 
Study, a 
community-
wide 
investigation 
of acute MI in 
residents of 
the Worcester  
metropolitan 
area, 
Massachusett
s, USA. 
 
Medical 
records were 
from 5 study 
years (every 


Daily mean 
apparent 
temperature 
(derived from 
the Worcester 
airport 
meteorologic
al station) 
 
Effect 
modifiers 
Socio-
demographic 
characteristics
, medical 
history, 
smoking 
status, clinical 
complications


Acute MI 
occurrence 
 
All-cause in-
hospital and post-
discharge 
mortality. 
 
 


Conditional logistic 
regression models 
where the 
individual was the 
conditioning factor. 
 
Control days were 
in the same month 
and year. 
 
First examined  
acute MI and then 
examined 
subsequent 
mortality. 
 
Controlled for day 
of the week, air 
pollution and 


A decrease in an interquartile range in 
apparent temperature during cold 
months was associated with an 
increased risk of acute MI on the same 
day (hazard ratio = 1.15 (1.01, 1.31).  
 
Extreme cold (<5


th
 percentile) during 


the 2 days prior was associated with an 
increased risk of acute MI: HR 1.36 
(1.07, 1.74). 
 
Found no association between 
temperature and acute MI during 
warm months in the population as a 
whole, although there were certain 
susceptible groups (see below). 
 
There were no associations with 
temperature and subsequent mortality 
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area-level 
effect 
modifiers. 


other year 
from 1995-
2003) and 
limited to 
adults 25 
years and 
older. 


, and physical 
environment. 
 
Also 
controlled for 
ozone and 
fine 
particulate 
matter. 


humidity. 
 
Ran separate 
models for warmer 
and colder months. 


in those who previously had an acute 
MI, but extreme hot temperatures in 
the 2-day and 4-day moving averages 
preceding death were associated with 
mortality.  HRs were 1.44 (1.06, 1.96) 
and 1.41 (1.00,1.98), respectively). 
 
In terms of effect modification, the 
below showed statistical significance in 
tests for interaction. 
 
Susceptibility to decreases in 
temperature in cold months: 


- Those with prior acute MI: 1.46 
(1.14, 1.87) 


- Those without a lake/reservoir 
within 400m: 1.20 (1.04-1.39) 


 
Susceptibility to MI from extreme heat 


- At least 14% of families below 
the poverty line: 1.30 (0.90,2.14) 


- Those in more urban areas: 1.48 
(0.88-2.49) 


-  
Increased likelihood of dying from 
higher  temperatures in warm months 
(in acute MI survivors) 


- Younger (<65) patients: 1.32 
(0.65-2.68) 


- Patients with Q-wave acute MI: 
1.61 (0.92-2.82) 


- Those in areas with >14% of 
families below the poverty line: 
1.22 (0.74,2.01) 


 
Increased likelihood of dying from 
extreme heat 


- Previously diagnosed heart 
failure: 2.15 (1.41,3.26) 
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Associations were not found in many 
other socio-demographic and city-level 
characteristics or with other aspects of 
the built environment. 


21 Romero-Ortuno 
R, Tempany M, 
Dennis L, 
O'Riordan D, 
Silke B. 
Deprivation in 
cold weather 
increases the 
risk of hospital 
admission with 
hypothermia in 
older people. Ir 
J Med Sci. 2013; 
182(3): 513-8.


21
  


To investigate 
whether 
material 
deprivation in 
cold weather 
increases the 
risk of 
hypothermia 
and 
contributes to 
excess winter 
mortality in 
older Irish 
people. 
 


Case-control 
study 
 
(comparison 
of 
characteristics 
of 
hypothermic 
patients with 
a random 
sample of 200 
age and 
gender-
matched non-
hypothermic 
patients in the 
same setting). 


+ + Patient series 
from tertiary 
teaching 
hospital, St 
James's 
Hospital 
Dublin, 
Ireland 
(urban). Of all 
community-
dwelling 
(without 
nursing home 
address) 
patients, 
those 
experiencing 
their last 
medical 
admission 
between 1 
January 2002 
to 31 
December 
2010, >=65 
years, and 
with a body 
temperature 
<35 deg  C at 
time of 
admission 
were 
selected.  


Material 
deprivation as 
measured by 
the Irish 
National 
Deprivation 
Index (NDI).  
 
Effect 
modifiers/ 
confounders 
Year, season, 
mean air 
temperature 
on day of 
admission, 
comorbidity, 
major 
diagnostic 
categories 
 
 
 


Hypothermia 
(defined as a 
body temperature 
< 35 deg C).  


Chi-squared or 2-
sided Fisher’s exact 
tests used to 
compare 
dichotomous 
variables.  
 
Mann-Whitney U 
test used to 
compare 
continuous 
variables. 
 
Binary logistic 
regression model 
used to identify 
predictors of 
presentation with 
hypothermia: age, 
gender, mean air 
temperature on the 
day of admission, 
year of admission, 
comorbidity, major 
diagnostic 
categories, and NDI. 
 


80 patients presented with 
hypothermia.  
 
No statistically significant differences in 
major diagnostic categories between 
non-hypothermic and hypothermic 
groups. 
 
Hypothermic patients presented in 
colder days (mean 8.8 vs. 10.8 C, 
P<0.001) were less likely to present in 
summer (P<0.002) and more likely to 
present in winter (P=0.010). They were 
more likely to be admitted earlier in 
the series (P=0.025). Patients admitted 
with hypothermia were more likely to 
be admitted to HDU or ICU (P=0.040) 
and more likely to have a prolonged 
hospital stay (P=0.036). Their mortality 
was higher than non-hypothermic 
patients (50% vs. 17%, P<0.001).  
 
The significant predictors of 
hypothermia were year of admission 
(OR=0.83, 95%CI 0.72-0.94, P=0.005) 
and the interaction NDI* air 
temperature on the day of admission 
(OR=1.03, 95% CI 1.01-1.06, P=0.033). 
Authors’ conclusion: the NDI could be 
an adequate tool to target fuel poverty 
in older people. 


 
Authors mention that they could 
not control for influenza in analysis 
and that coastal air temperature 
data may underestimate inner city 
temperature extremes. 
 
 


22 Tseng CM, Chen 
YT, Ou SM, 
Hsiao YH, Li SY, 


To determine 
the effect of 
air 


Case-
crossover 
study 


+ + Taiwan: 
National 
Health 


Meteorologic
al variables 
from the 


COPD 
exacerbation 


Conditional logistic 
regression model, 
with  subgroup 


Odds ratios of exacerbation of chronic 
obstructive pulmonary disease in 
relation to meteorological variable 


A number of remaining 
confounders related to external 
exposures (air quality and urban 
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Wang SJ, et al. 
The effect of 
cold 
temperature on 
increased 
exacerbation of 
chronic 
obstructive 
pulmonary 
disease: a 
nationwide 
study. PLoS 
One. 2013; 8(3): 
e57066.


22
  


temperature 
and other 
meteorologic
al factors on 
COPD 
exacerbation. 


Insurance 
registry data 
(COPD 
admission), 
January 1999 
to December 
2009 


Taiwan 
Central 
Weather 
Bureau 


analyses by 
stratifying on 
patient 
characteristics, 
including age, sex, 
vaccination and use 
of inhaled medicine 


 
OR 95% CI p Value 
For, sequentially: 
3-day Average* 
7-day Average** 
14-day Average+ 
28-day Average++ 
 
Mean temperature 
1.039 1.007–1.071 0.015 
1.055 1.021–1.089 0.001 
1.075 1.038–1.114 <0.001 
1.099 1.058–1.141 <0.001 
1.106 1.063–1.152 <0.001 
Temperature variation  
1.009 1.001–1.017 0.040 
1.014 1.003–1.025 0.016 
1.016 1.002–1.031 0.029 
1.011 0.993–1.030 0.218 
1.011 0.987–1.035 0.365 
Relative humidity,%  
0.996 0.994–0.999 0.003 
0.996 0.993–0.999 0.004 
0.995 0.991–0.998 0.005 
0.998 0.993–1.002 0.346 
1.001 0.996–1.007 0.662 
Barometric pressure  
1.005 1.000–1.009 0.036 
1.005 1.001–1.010 0.030 
1.008 1.003–1.014 0.003 
1.011 1.005–1.017 <0.001 
1.014 1.007–1.020 <0.001 
Wind speed, m/s  
1.007 0.989–1.026 0.429 
1.007 0.983–1.031 0.574 
1.021 0.989–1.054 0.194 
1.025 0.985–1.067 0.221 
1.029 0.979–1.082 0.255 
Sunshine, hours/day  
1.007 1.001–1.012 0.012 


temperatures) along with seasonal 
influenza occurrence are not 
adjusted for. 
The findings are not generalizable 
to the UK population but remain of 
interest. 
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1.008 1.001–1.015 0.022 
1.009 1.000–1.018 0.041 
1.003 0.992–1.015 0.593 
0.987 0.972–1.003 0.110 
 
Odds ratios of exacerbation of chronic 
obstructive pulmonary disease in 
relation to meteorological variables. 
*Mean meteorological data of the 
same day and 2 previous days. 
**Mean meteorological data of the 
same day and 6 previous days. 
+Mean meteorological data of the 
same day and 13 previous days. 
++Mean meteorological data of the 
same day and 27 previous days. 
#Decrease per 5°C. 
 
 
Odds ratios of exacerbation of chronic 
obstructive pulmonary disease with a 
5°C decrease in mean temperature# 
stratified by age, sex, vaccination and 
inhaled medicine 
 
OR 95% CI p Value 
For, sequentially: 
3-day Average* 
7-day Average** 
14-day Average+ 
28-day Average++ 
 
Modifier 
Age[greater, double equals]65 
1.073 1.022–1.126 0.005 
1.098 1.042–1.158 0.001 
1.137 1.069–1.210 <0.001 
1.153 1.073–1.239 <0.001 
1.134 1.040–1.237 0.005 
Age<65 
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1.029 0.919–1.154 0.618 
1.079 0.954–1.220 0.225 
1.043 0.903–1.204 0.568 
1.109 0.940–1.308 0.220 
1.134 1.040–1.237 0.005 
Male  
1.056 1.004–1.111 0.036 
1.084 1.025–1.145 0.004 
1.113 1.043–1.188 0.001 
1.141 1.058–1.230 0.001 
1.120 1.022–1.226 0.015 
Female 
1.110 1.009–1.221 0.033 
1.143 1.030–1.268 0.012 
1.161 1.028–1.310 0.016 
1.169 1.017–1.344 0.028 
1.075 0.910–1.271 0.395 
Received vaccination+  
1.054 0.972–1.143 0.200 
1.075 0.984–1.173 0.108 
1.158 1.043–1.286 0.006 
1.221 1.081–1.380 0.001 
1.181 1.018–1.371 0.028 
Without received vaccination+ 
1.074 1.018–1.134 0.010 
1.107 1.044–1.174 0.001 
1.112 1.039–1.191 0.002 
1.119 1.034–1.211 0.005 
1.084 0.986–1.192 0.095 
Received inhaled medicine*  
0.998 0.819–1.216 0.981 
1.036 0.932–1.290 0.751 
1.044 0.806–1.353 0.742 
1.126 0.826–1.535 0.453 
1.091 0.740–1.608 0.659 
Without inhaled medicine*  
1.070 1.020–1.122 0.006 
1.105 1.049–1.164 <0.001 
1.127 1.060–1.198 <0.001 
1.146 1.068–1.229 <0.001 
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1.110 1.020–1.208 0.016 
 
Odds ratios of exacerbation of chronic 
obstructive pulmonary disease with a 
5°C decrease in mean temperature 
# stratified by age, sex, vaccination and 
inhaled medicine. 
#Adjusted for relative humidity, 
barometric pressure, wind speed, and 
duration of sunshine. 
*Received inhaled medicine, including 
inhaled long-acting ß2 agonist, long-
acting muscarinic antagonist or/and 
inhaled corticosteroid for more than 28 
days within 6 months before the index 
day. 
+Received vaccination within one year 
before the event. 
 
In summary: a 1°C decrease in air 
temperature was associated with a 
0.8% (1.015, 1.138) increase in the 
exacerbation rate on event-days.  
 
With a 5°C decrease in mean 
temperature, the cold temperature 
(28-day average temperature) had a 
long-term effect on the exacerbation of 
COPD (odds ratio (OR): 1.106 (1.063, 
1.152) 
 
Elderly patients and those who did not 
receive inhaled medication tended to 
suffer an exacerbation when the mean 
temperature dropped 5°C.  
 
Higher barometric pressure, more 
hours of sunshine, and lower humidity 
were associated with an increase in 
COPD exacerbation. 
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23 Webb E, Blane 
D, de Vries R. 
Housing and 
respiratory 
health at older 
ages. J 
Epidemiol 
Community 
Health. 2013; 
67(3): 280-5.


23
 


To examine 
the 
association 
between 
housing 
conditions 
and 
objectively 
measured 
respiratory 
health in a 
large general 
population 
sample of 
older people 
in England. 
 


Population 
survey:  


+ + England: 
second wave 
of the English 
Longitudinal 
Study of 
Ageing. 


Housing 
conditions, 
and relevant 
covariates 


respiratory health Multivariate 
regression methods 
were used to test 
the association 
between 
contemporary 
housing conditions 
and respiratory 
health while 
accounting for the 
potential effect of 
other factors; 
including social 
class, previous life-
course housing 
conditions and 
childhood 
respiratory health. 
 


Older people who were in fuel poverty 
or who did not live in a home they 
owned had significantly worse 
respiratory health as measured by peak 
expiratory flow rates. After accounting 
for covariates, these factors had no 
effect on any other measures of 
respiratory health. Self-reported 
housing problems were not 
consistently associated with respiratory 
health. 
 
Authors’ conclusions: housing 
conditions of older people in England, 
particularly those associated with fuel 
poverty and living in rented 
accommodation, may be harmful to 
some aspects of respiratory health. 


 
 
Author reported limitations 
-------------- 
Adjusting for social class is unlikely 
to have entirely accounted for the 
influence of other aspects of 
deprivation. We recognise this as a 
limitation of this research, and plan 
future work using more detailed 
measures of housing conditions 
and deprivation to determine their 
relative importance as independent 
predictors of respiratory health. An 
additional limitation of the present 
study was that our measure of fuel 
poverty did not distinguish 
households that needed to spend 
more than 10% of their income on 
fuel to preserve an adequate level 
of warmth (as defined by the 
WHO), from those who spent more 
for other reasons. 


Continued…  
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Appendix 5 table continued: 2012 studies. 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2012           
24 Barnett AG, 


Hajat S, 
Gasparrini A, 
Rocklov J. Cold 
and heat waves 
in the United 
States. Environ 
Res. 2012; 112: 
218-24.


24
  


To examine 
the cold and 
heat waves on 
mortality and 
how the risk 
of death 
depended on 
the 
temperature 
threshold 
used to define 
a wave, and a 
wave's timing, 
duration and 
intensity. 


Time series ++ ++ 99 US cities, 
1987-2000 


We defined 
cold and heat 
waves using 
temperatures 
above and 
below cold 
and heat 
thresholds for 
two or more 
days. We tried 
five cold 
thresholds 
using the first 
to fifth 
percentiles of 
temperature, 
and five heat 
thresholds 
using the 95-
99 
percentiles. 


Mortality The extra wave 
effects were 
estimated using a 
two-stage model to 
ensure that their 
effects were 
estimated after 
removing the 
general effects of 
temperature. 


In general there was no increased risk 
of death during cold waves above the 
known increased risk associated with 
cold temperatures. There was even 
evidence of a decreased risk during the 
coldest waves.  
 
Cold waves of a colder intensity or 
longer duration were not more 
dangerous. Cold waves earlier in the 
cool season were more dangerous, as 
were heat waves earlier in the warm 
season: for every 50 days after October 
1 (i.e. from before the winter season) 
the increases in deaths associated with 
a cold wave decreased by –1.26% (95% 
CI – 0.03, –2.39%) 
 
Cold or heat waves earlier in the cool 
or warm season may be more 
dangerous because of a build-up in the 
susceptible pool or a lack of 
preparedness for extreme 
temperatures. 


 


25
 Hales S, Blakely 


T, Foster RH, 
Baker MG, 
Howden-
Chapman P. 
Seasonal 
patterns of 
mortality in 
relation to 
social factors. J 
Epidemiol 
Community 


To investigate 
whether 
excess winter 
mortality 
varies with 
social factors 
in New 
Zealand. 
XXXX 


Seasonal 
analysis of 
synthetic 
cohorts 


+ + New Zealand 
records from 
1981, 1986, 
1991, 1996 
and 2001 
censuses 
probabilistical
ly linked to 3 
years of 
subsequent 
mortality data 
creating five 


Seasonal 
definition: 
winter (JJA) vs 
summer (DJF). 
 
Data for 
deaths in 
spring and 
autumn were 
discarded. 


All-cause 
mortality as well 
as deaths from 
infections, 
cardiovascular 
disease, 
respiratory 
disease, cancer 
and accidents. 
 
Models also 
included variables 


Logistic regression 
analysis of the risk 
of dying in winter 
compared to 
summer in relation 
to census 
characteristics. 
 
The model 
generates 
coefficients (and 
hence odds ratios) 


There was an excess winter mortality 
of 22%. 
 
ORs for all-cause mortality adjusted for 
age, sex, census year, ethnicity, tenure 
 
Age 
30s  0.915 (0.830, 1.009) 
40s  0.948 (0.885, 1.016) 
50s  1.011 (0.960,  1.064) 
60s  1.067 (1.026, 1.109) 
70s  1 
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Health. 2012; 
66(4): 379-84.


25
  


cohort studies 
of the New 
Zealand adult 
population 
(age 30-74 
years at 
census) each 
with 3 years' 
follow-up 
 
There were 75 
138 eligible 
mortality 
records, 58 
683 with 
complete data 
on social 
variables. 


for age, sex, 
ethnicity, census 
year, education 
status, marital 
status, housing 
tenure, income, 
rurality and 
neighbourhood 
deprivation. 


that directly 
estimate variation 
in excess winter 
mortality. 
 
Only included 
participants with 
data on all 
covariates. 
 
Separate analyses 
were conducted for 
all causes of death 
and for cause 
subgroups. 


 
Sex 
F  1 
M  1.010 (0.976, 1.044) 
 
Tertile of income  
Highest  1 
Middle  1.052 (1.001, 1.106)     
Lowest  1.13 (1.08, 1.19)  
 
Tenure 
Home owners 1 
Renters  1.054 (1.009, 1.100)  
 
Rurality 
Rural 1 
Urban 1.056 (1.015, 1.097) 
 
There were also no significant 
associations with census period, 
ethnicity, education, marital status or 
neighbourhood deprivation.  
 
The strongest associations were seen 
for infectious diseases, rather than 
circulatory, respiratory, cancer and 
injury causes, but the majority of social 
factor-cause-specific disease pairs had 
wide confidence intervals overlapping 
one. 
 
Authors note: “There was an increased 
risk of dying in winter for most New 
Zealanders, but more so among low-
income people, those living in rented 
accommodation and those living in 
cities. Exact causal mechanisms are not 
known but possibly include correlated 
poorer health status, low indoor 
temperatures and household 
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crowding.” 
26 Hori, A., M. 


Hashizume, et 
al. "Effects of 
weather 
variability and 
air pollutants on 
emergency 
admissions for 
cardiovascular 
and 
cerebrovascular 
diseases." Int J 
Environ Health 
Res 2012; 22(5): 
416-430.


26
  


To quantify 
the effect of 
ambient 
temperature, 
air pressure 
and air 
pollutants on 
daily 
emergency 
admissions 
for different 
types of 
stroke and 
cardiovascular 
disease.  


Time series ++ + Ina, Japan 
April 2006 – 
March 2010 
 
Only patients 
transported 
by ambulance 
only and 
excludes non-
residents. 


Temperature, 
pressure and 
air pollution 
from local 
meteorologic
al stations.   
 
Missing 
pollutant data 
were imputed 
by multiple 
linear 
regression 
models. 
 
 
 
Modifiers: 
individual-
level age, 
cause-of-
death 


(Daily) emergency 
hospital 
admission 
(n=4355) by each 
type of stroke and 
cardiovascular 
disease 


Generalized linear 
Poisson regression 
models allowing for 
overdispersion.   
 
Confounder 
control: season, 
year, day of week, 
public holidays, 
influenza and 
respiratory syncytial 
virus. 
 
Fitted natural cubic 
splines to create 
graphs of the 
temperature-
admission 
relationship.  When 
significance was 
<0.05 in the spline 
model, fit linear 
threshold models. 
 
Subgroups by age, 
cause. 


RR for increase in the daily number of 
emergency admissions per 1 deg C 
decrease in temp: 
All-cause (lag 0-4): 3.24% (1.25, 5.18) 
Acute coronary syndrome and heart 
failure (lag 0-4): 7.83% (2.06, 13.25) 
Intracerebral haemorrhage (lag 0-3): 
35.57% (15.59-59.02) 
Cerebral infarction (lag 0-4): 11.71% 
(4.1, 19.89) 
 
Increase of emergency admissions risk 
also noted in relation to decrease in air 
pressure.  There were some pollutant-
disease relationships, but for most 
pairs the confidence intervals were 
wide and were consistent with no 
association.  
 
In the sub-group analysis, temperature 
changes strongly affected males and 
those over 74 years old, with an 
increase of 4.87 (2.13, 7.53) and 3.96% 
(1.44, 6.42), respectively, for every 1 
deg C decrease.  
 
Overall, cerebrovascular diseases 
tended to be more sensitive to 
temperature than cardiovascular 
diseases. 


 


27 Miron IJ, 
Montero JC, 
Criado-Alvarez 
JJ, Linares C, 
Diaz J. Intense 
cold and 
mortality in 
Castile-La 
Mancha (Spain): 


To study the 
modification 
of the lagged 
effects of cold 
on mortality 
 
(with the 
novelty of 
also 


Time series + + Five towns in 
Castile-La 
Mancha, 1975 
to 2003 


Met station 
data 


Daily deaths 
counts 


Mortality residuals 
after application of 
ARIMA models to 
the mortality data 
were correlated 
with similarly 
filtered 
temperatures (from 
November to 


A cold-related mortality trigger 
threshold of -3C was obtained for 
Ciudad Real for the period 1990-2003. 
The number of  significant  lags 
(p<0.05) in the CCFs declined every 10 
years in Toledo (5-2-0), Cuenca (4-2-0), 
Albacete (4-3-0) and Ciudad Real (3-2-
1). This meant that, while the trend in 
cold-related mortality trigger 


 
Unusual analysis makes assessment 
of robustness of results difficult 
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study of 
mortality trigger 
thresholds from 
1975 to 2003. 
Int J 
Biometeorol. 
2012; 56(1): 
145-52.


27
  


approaching 
this aspect in 
terms of 
mortality 
trigger 
thresholds??) 


March). 
Results for the 
periods 1975-1984, 
1985-1994 and 
1995-2003 were 
then compared. 


thresholds in the region could not be 
ascertained, it was possible to establish 
a reduction in the lagged effects of cold 
on mortality, attributable to the 
improvement in socio-economic 
conditions over the study period. 
Evidence was shown of the effects of 
cold on mortality. 


20 Modarres R, 
Ouarda TB, 
Vanasse A, 
Orzanco MG, 
Gosselin P. 
Modeling 
seasonal 
variation of hip 
fracture in 
Montreal, 
Canada. Bone 
2012;50(4):909-
16.


20
  


To study 
examined and 
modelled the 
seasonal 
variation of 
monthly 
population 
based hip 
fracture rate 
(HFr) time 
series 


The seasonal 
ARIMA time 
series 
modelling 


+ + Female and 
male patients 
aged 40-74 
and 75+ 
years, 
Montreal, 
Quebec 
province, 
Canada, 1993-
2004. 


Meteorologic
al parameters 


 Max 
temperature 


 Min 
temperature 


 Mean 
temperature 


 Rainfall 
depth 


 Number of 
days with 
rain 


 Snow depth 


 Number of 
days with 
snow 


 Precipitation 
depth 


 Number days 
with 
precipitation 


 Max snow 
depth 


 Min snow 
depth 


 Mean wind 
speed 


 Hours of 
sunshine 


Hip fracture 
 
Results separately 
for: 
 


 F1:  females, 40-
74 years 


 F2: females, 75+ 
years 


 M1:  males, 40-
74 years 


 M2: males, 75+ 
years 


 


Complex times 
series methods 
were used to 
investigate trend, 
though association 
of HFr with 
metereology and 
season appeared 
described and 
tested  using simple 
bivariate 
techinques 


The simple Pearson correlation 
coefficients between meteorological 
variables such as temperature, snow 
depth, rainfall depth and day length 
and HFr are significant. 
 
The seasonality in HFr indicated sharp 
difference between winter (higher) and 
summer time.  
 
Younger (-74) people had more 
pronounced seasonality, though this 
difference was not quantified or tested 
statistically.  


 
 
Weather very different to UK 


28 Morabito M, 
Crisci A, 


To evaluate 
current and 


Time series 
and health 


  Ten main 
cities in 


Daily average 
air 


Non-accidental 
mortality and 


Generalized 
additive and 


The cumulative impact (over a lag-
period of 30 days) of the effects of cold 
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Moriondo M, 
Profili F, 
Francesconi P, 
Trombi G, et al. 
Air 
temperature-
related human 
health 
outcomes: 
current impact 
and estimations 
of future risks in 
Central Italy. Sci 
Total Environ. 
2012; 441: 28-
40.


28
  


future impact 
of 
temperature 
on human 
health in 
different 
geographical 
areas 


impact 
modelling 
study 


Tuscany 
(Central Italy), 
1999-2008  


temperatures hospitalizations distributed lag 
models to 
characterize the 
relationships 
between 
temperature and 
health outcomes 
stratified by age: 
<65,  65-74 and 
>=75 
 
Application of 
health impact 
methods using 
high-resolution city-
specific climatologic 
A1B scenarios 
centred on 2020 
and 2040 


and especially heat, was mainly 
significant for mortality in the very 
elderly, with a higher impact on coastal 
plain than inland cities: 1 C 
decrease/increase in temperature 
below/above the threshold was 
associated with a 2.27% (95% CI: 0.17-
4.93) and 15.97% (95% CI: 7.43-24.51) 
change in mortality respectively in the 
coastal plain cities.  


29 Morency P, 
Voyer C, 
Burrows S, 
Goudreau S. 
Outdoor falls in 
an urban 
context: winter 
weather 
impacts and 
geographical 
variations. Can J 
Public Health. 
2012; 103(3): 
218-22.


29
  


To describe 
the 
demographic, 
spatial and 
temporal 
distribution of 
outdoor falls 
in Laval and 
Montreal 
Island 
(Canada) in 
relation to 
meteorologic
al conditions. 
 


Observational 
study of 
ambulance 
records 


+ + Data on falls, 
including 
location 
(outside or at 
home) and 
geographic 
coordinates, 
were 
obtained from 
ambulance 
services 
(December 1, 
2008 to 
january 31, 
2009). Age 
and gender 
were included 
in the 
analysis. 
 


Meteorologic
al conditions 
(temperature, 
precipitation 
levels) and 
land use data 
were used for 
descriptive 
analysis and 
mapping.  


Falls requiring 
ambulance 
attendance, taken 
from pre-hospital 
intervention 
reports. 


Descriptive analyses 
only. 


During the study period, 3270 falls 
required ambulance interventions, of 
which 960 occurred outdoors. Most 
people injured outdoors were under 65 
years of age (59%). Mapping showed a 
concentration of outdoor falls in 
central neighbourhoods and on 
commercial streets in Montreal. Three 
episodes of excess falls, representing 
47% of all outdoor falls, were preceded 
by rain and followed by falling 
temperatures, or were concomitant 
with freezing rain. 
 
72% of the outdoor falls were explicitly 
attributed to ice and/or snow and/or 
slipping by the ambulance attendant. 


Non-severe falls not requiring 
ambulance attendance are not 
reported. 
Land use data not available in all 
locations. 
Confidence intervals and 
significance not included in 
analysis. 
Potential bias in groups towards 
individuals able to leave their 
homes, and those who are more 
likely to require ambulance 
attendance should they fall. 
The proportion of households not 
owning a car is higher on Montral 
Island than in Laval, meaning more 
people need to walk rather than 
drive. 
A number of unmeasured 
environmental factors could 
influence falls. 
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30 Office for 
National 
Statistics. 
Excess winter 
mortality in 
England and 
Wales, 2011/12 
(provisional) 
and 2010/11 
(final). 2012.


30
 


 
See also: Office 
for National 
Statistics. 
Excess winter 
mortality in 
England and 
Wales, 2010/11 
(provisional) 
and 2009/10 
(final). 2011.


30
  


To report 
provisional 
figures of 
excess winter 
deaths (also 
referred to as 
excess winter 
mortality – 
EWM) in 
England and 
Wales for the 
winter period 
2011/12, and 
final figures 
for the winter 
period 
2010/11. 


Descriptive 
analysis of 
routine data 


+ + England and 
Wales, 
20011/12 and 
2010/11, and 
historical 
trend since 
1950/51 


Seasonal 
definition. 
 
Also by 
temperature. 


Mortality Descriptive reports 
and analysis of 
historical trends 
from 1950/51 
onwards  
 
Figures are 
presented by sex, 
age, region and 
cause of death.  
 
Figures on 
temperature and 
influenza incidence 
are also provided to 
add context to the 
mortality figures. 


• There were an estimated 24,000 
excess winter deaths in England and 
Wales in 2011/12 – an 8 per cent 
reduction compared with the previous 
winter. 
• As in previous years, there were 
more excess winter deaths in females 
than in males in 2011/12. 
• Between 2010/11 and 2011/12 male 
excess winter deaths decreased from 
11,270 to 10,700, and female deaths 
from 14,810 to 13,300. 
• The majority of deaths occurred 
among those aged 75 and over; there 
were 19,500 excess winter deaths in 
this age group in 2011/12 compared 
with 4,500 in the under 75-year-olds. 
• The excess winter mortality index 
was highest in London in 2011/12, 
whereas in 2010/11 it was highest in 
Wales. Wales had one of the lowest 
levels of excess winter mortality in the 
2011/12  winter, second only to the 
North East of England. 


 
 
Restricted to standard EWM 
method. 


31 Phu Pin S, 
Golmard JL, 
Cotto E, 
Rothan-
Tondeur M, 
Chami K, Piette 
F. Excess winter 
mortality in 
France: 
influence of 
temperature, 
influenza like 
illness, and 
residential care 
status. J Am 
Med Dir Assoc. 


To examine 
the monthly 
variation in 
mortality in in 
France, 1988-
2007, with 
particular 
focus on 
excess winter 
death 


Observational 
study of 
monthly 
mortality 
patterns 


+ - France, 1988-
2007 


Month Mortality Coefficients of 
Seasonal Variations 
in Mortality 
(CSVMs) were 
calculated using 
monthly mortality 
data from 1998 to 
2007 in France. 
CSVM was a 
percentage 
representing the 
excess death rate 
from December to 
March inclusively, 
against average, 
monthly mortality 


There was an annual winter excess 
death of 23,836 (+/- 7951) (mean +/- 1 
standard deviation) cases. 
 
On average, CSVM in France 
was+14.94% (13.54 [12.03; 19.70]) 
(mean, median, and interquartile 
intervals).  
 
Multivariate analysis results revealed 
that several factors contributed to the 
CSVM: sociodemographics, such as age 
(CSVM higher for the population older 
than 75) and death location (CSVM 
higher in nursing homes), 
environmental factors, such as the 


 
 
Confounders related to air quality 
and socio-economic status markers 
not included.  Season 'winter' 
periods not tested. 
 
The findings are only moderately 
generalisable to the UK population. 
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2012; 13(3): 
309.e1-7.


31
  


from the other 8 
non-winter months. 
  
 
Univariate and 
multivariate 
analyses were 
performed to 
identify risk factors 
of increased winter 
mortality, including 
socio-demographic 
and environmental 
parameters 


severity of the winter season (per 
monthly minimal temperature), and 
estimated number of influenza-like 
illnesses (ILI).  
 
Correlation between observed and 
predicted CSVMs was extremely 
consistent (R(2)= 0.91). 
 
Authors’ conclusion: there was a 
fundamental belief that residents in 
nursing homes were well protected 
from cold spells and their 
consequences. Our results revealed 
this to be a mere misperception.  
Author’s limitations: In data sources, 
the number of ILI was indeed an 
extrapolation from a national scale of 
data listed by a representative 
sampling of general practitioners 
spread across the French metropolitan 
areas. Meteorological data were taken 
from information registered in Paris; 
applying the data to the whole country 
might be considered debatable. 
Despite this short- fall, the statistical 
approaches remain the same. 


32 Turner LR, 
Connell D, Tong 
S. Exposure to 
hot and cold 
temperatures 
and ambulance 
attendances in 
Brisbane, 
Australia: a 
time-series 
study. BMJ 
Open. 2012; 
2(4).


32
  


To investigate 
the effect of 
hot and cold 
temperatures 
on ambulance 
attendances 


Ecological 
time-series 
study 


++ ++ Population 
study: 
Brisbane, 
Australia. 


Meterological 
observations 
of mean daily 
temperature 
and humidity 


Total ambulance 
attendances; plus 
- cardiovascular, - 
respiratory 
- other non-
traumatic 
attendances 


Generalised 
additive models 


There were statistically significant 
relationships between mean 
temperature and ambulance 
attendances for all categories.  
 
Cold effects were delayed and longer 
lasting than those of heat with a 1.30% 
(0.87% to 1.73%) increase in total 
attendances for a 1 degrees C decrease 
below the threshold (2-15 days lag). 
Harvesting was observed following 
initial acute periods of heat effects but 
not for cold effects.  


 
Data on ambulance attendances is 
for admin purposes so  risk of 
misclassification is greater for this 
outcome than for others. Location 
of attendance may not represent 
location of exposure 
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Authors note: “This study shows that 
both hot and cold temperatures led to 
increases in ambulance attendances for 
different medical conditions. Our 
findings support the notion that 
ambulance attendance records are a 
valid and timely source of data for use 
in the development of local 
weather/health early warning 
systems.” 


33 von Klot S, 
Zanobetti A, 
Schwartz J. 
Influenza 
epidemics, 
seasonality, and 
the effects of 
cold weather on 
cardiac 
mortality. 
Environ Health. 
2012; 11: 74.


33
  


To determine 
how much of 
the seasonal 
pattern in 
cardiac 
deaths could 
be explained 
by influenza 
epidemics, 
whether that 
allowed a 
more 
parsimonious 
control for 
season than 
traditional 
spline models, 
and whether 
such control 
changed the 
short term 
association 
with 
temperature. 
 


Multi-site 
time series 


++ + 48 US cities 
The authors 
obtained 
counts of 
daily cardiac 
deaths and of 
emergency 
hospital 
admissions of 
the elderly 
for influenza 
during 1992-
2000. 


Ambient 
temperature 
(daily mean) 


Cardiac death 
(ICD 9 390–429, 
ICD 10 I01-I51) 
and Influenza 
Hospital 
Admissions 
(urgent and 
emergency 
hospital 
admissions 
with primary or 
secondary causes 
of influenza 
(ICD 9 487) of 
persons age 65 
years and older) 


Quasi-Poisson 
regression models 
estimating the 
association 
between daily 
cardiac mortality 
and temperature. 
 
All models included 
cubic regression 
splines of same 
day relative 
humidity and air 
pressure with two 
degrees 
of freedom each 
and of temperature 
with four degrees 
of 
freedom, as well as 
day of the week as 
categorical variable. 
Trend and 
seasonality were 
modelled in two 
different ways.  
 


Controlling for influenza admissions 
provided a more parsimonious model 
with better Generalized Cross-
Validation, lower residual serial 
correlation, and better captured 
Winter peaks.  
 
The temperature-response function 
was not greatly affected by adjusting 
for influenza. 
 
The pooled estimated increase in risk 
for a temperature decrease from 0 to -
5C was 1.6% (95% confidence interval 
(CI) 1.1-2.1%).  
 
Influenza accounted for 2.3% of cardiac 
deaths over this period. 
 
Authors’ conclusions: the results 
suggest that including epidemic data 
explained most of the irregular 
seasonal pattern (about 18% of the 
total seasonal variation), allowing more 
parsimonious models than when 
adjusting for seasonality only with 
smooth functions of time. The effect of 
cold temperature is not confounded by 
epidemics. 


 







150 


 


34 Wichmann, J., 
M. Ketzel, et al. 
(2012). 
"Apparent 
temperature 
and acute 
myocardial 
infarction 
hospital 
admissions in 
Copenhagen, 
Denmark: a 
case-crossover 
study." Environ 
Health 11: 19.


34
  


To quantify 
the 
temperature- 
acute 
myocardial 
infarction 
(AMI) 
relationship,  
 
[Sixteen 
studies 
reported 
inconsistent 
results and 
two 
considered 
confounding 
by air 
pollution. We 
addressed 
some of the 
methodologic
al limitations 
of the 
previous 
studies in this 
study.] 


Case cross-
over 


++ ++ Copenhagen, 
1 January 
1999-31 
December 
2006, 
stratified in 
warm (April-
September) 
and cold 
(October- 
March) 
periods. 


Meteorologic
al and air 
pollution data 
were 
collected at a 
fixed single 
urban 
background 
monitor for 
the 
monitored 
period. 


acute myocardial 
infarction (AMI) 


Case-crossover of 
daily 3-hour 
maximum apparent 
temperature 
(Tapp(max)) and 
AMI hospital 
admissions. 
Adjusted for public 
holidays, influenza; 
PM(10), NO(2) and 
CO was investigated 
 
Effect modification 
by age, sex and SES 
explored. 


It was observed that an apparent 
protective effect of high maximum 
apparent temperature (Tappmax) on 
AMI admissions in the cold period of -
1.5% per 1°C (95% CI: -2.6% - -0.5%).  
The association was not statistically 
significant the warm period (-0.6% per 
1°C (95% CI: -1.6% - 0.3%)). 
 
Model comparisons were undertaken. 
The GAM and GEE analyses (with and 
without adjusting for pollutants) 
confirmed the protective effect of an 
increase in Tappmax in the cold period, 
with somewhat weaker associations 
than those of the case-crossover 
analyses. Although some of the 
associations were weaker or stronger 
than in the case- crossover analysis, all 
warm season associations were still 
insignificant in the GAM analysis. In the 
warm period the GEE analysis indicated 
that all associations were significantly 
protective and generally stronger than 
those of the case-crossover analyses. 


 
Confounders related to air 
pollution and  adjustment for 
public holidays and influenza were 
applied.  Lags for temperature 
were related to incidence onset.  
Multiple modelling approaches 
were used to confirm associations. 
The findings are generalizable to 
the UK population 
 


Continued…  
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Appendix 5 table continued: 2011 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2011           
35 Beynon C, Wyke 


S, Jarman I, 
Robinson M, 
Mason J, 
Murphy K, et al. 
The cost of 
emergency 
hospital 
admissions for 
falls on snow 
and ice in 
England during 
winter 2009/10: 
a cross sectional 
analysis. 
Environmental 
Health. 2011; 
10(1): 60.


35
  


To describe 
the 
relationship 
between 
temperature 
and 
emergency 
hospital 
admissions 
for falls on 
snow and ice 
in England, 
identify the 
age and 
gender of 
those most 
likely to be 
admitted, and 
estimate the 
inpatient 
costs of these 
admissions 
during the 
2009/10 
winter 


Correlation 
(regression) 
study 


+ + Whole 
population: 
England, 
2005/06 to 
2009/10 


Region 
specific 
temperatures  


Emergency 
hospital 
admission for falls 
on snow and ice. 
 
Subgroups by age, 
gender, region. 


Regionally stratified 
correlation 
(regression) of 
episodes of 
emergency 
admissions for falls 
on snow and ice 
with mean winter 
temperature by 
region  
 
Calculation of 
inpatient costs of 
admissions in the 
2009/10 winter for 
falls on snow and 
ice using Healthcare 
Resource Group 
costs and Admitted 
Patient Care 
2009/10 National 
Tariff Information 


Emergency hospital admissions due to 
falls on snow and ice varied 
considerably across years; the number 
was 18 times greater in 2009/10 (N = 
16,064) than in 2007/08 (N = 890). 
There is an exponential increase 
[Ln(rate of admissions) = 0.456 - 
0.463*(mean weekly temperature)] in 
the rate of emergency hospital 
admissions for falls on snow and ice as 
temperature falls. The rate of 
admissions in 2009/10 was highest 
among the elderly and particularly men 
aged 80 and over. The total inpatient 
cost of falls on snow and ice in the 
2009/10 winter was 42 million GBP. 
 
Emergency hospital admissions for falls 
on snow and ice vary greatly across 
winters, and according to temperature, 
age and gender. The cost of these 
admissions in England in 2009/10 was 
considerable. With responsibility for 
health improvement moving to local 
councils, they will have to balance the 
cost of public health measures like 
gritting with the healthcare costs 
associated with falls. The economic 
burden of falls on snow and ice is 
substantial; keeping surfaces clear of 
snow and ice is a public health priority. 


Confounders related to influenza 
and other co-morbidities not 
included. 'Event' information on 
gritting and snow management a 
major factor in 2009/10 slips and 
falls. 
 
The findings are applicable to 
England 


36 Gallerani M, 
Boari B, 
Manfredini F, 
Manfredini R. 
Seasonal 


To determine 
whether a 
seasonal 
variation 
exists for 


Seasonal 
analysis 


+/- +/- All cases of HF 
admissions to 
Ferrara 
Hospital, 
January 2002 


Season 
definition 


Hospital 
admission for 
heart failure:  
15,954 patients 
with the ICD-9-


Analysis of monthly 
cases with 
categorization into 
four 3-month 
(seasonal) intervals, 


Hospital admissions for HF were most 
frequent in winter (28.4%) and least in 
summer (20.4%).  
 
Significant peak in January for total 


 
Significant elderly tourist population 
included.  Authors noted limitations 
common to retrospective studies based 
on ICD-9 coding. Authors also urged 
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variation in 
heart failure 
hospitalization. 
Clin Cardiol. 
2011; 34(6): 
389-94.


36
  


heart failure 
(HF) 
hospitalizatio
n 


to December 
2009 
 


CM codes of HF 
(420-429). 
 
 


adjusted for 
number of days, 
and the average 
number of 
admissions per 
month 
  
Subgroup analyses 
by: gender, age, 
cardiovascular risk 
factors, patients' 
outcome 


cases and all subgroups considered.  
 
No clear evidence of differences by 
gender, age, fatal cases, presence of 
hypertension and diabetes mellitus, 
patients' outcome, and order of ICD-9 
codes (first diagnosis, accessory 
diagnosis). 
 


caution in caution in the interpretation 
of hospitalization data. 
 


37 Morabito M, 
Crisci A, 
Vallorani R, 
Modesti PA, 
Gensini GF, 
Orlandini S. 
Innovative 
approaches 
helpful to 
enhance 
knowledge on 
weather-related 
stroke events 
over a wide 
geographical 
area and a large 
population. 
Stroke. 2011; 
42(3): 593-
600.


37
  


To investigate 
weather-
related stroke 
events 
through the 
use of an 
innovative 
source of 
weather data 
(Reanalysis) 
together with 
an original 
statistical 
approach to 
quantify the 
prompt/delay
ed health 
effects of 
both cold and 
heat 
exposures. 
 


Time series + + Tuscany 
(central Italy), 
1997 to 2007. 
Hospitalizatio
ns stratified 
by age (65 
years; >=65 
years). 


Daily average 
air 
temperature 
(meteorologic 
data from the 
Reanalysis 2 
Archive)  


Daily stroke 
hospitalizations 
(ICD 9 430 to 438) 


Generalized linear 
and additive models 
and an innovative 
modeling approach, 
the constrained 
segmented 
distributed lag 
model, were 
applied. 
 


Both daily averages and day-to-day 
changes of air temperature and 
geopotential height (a measure that 
approximates the mean surface 
pressure) were selected as 
independent predictors of all stroke 
occurrences. In particular, a 5C 
temperature decrease was associated 
with 1.9% and 16.5% increase of all 
stroke and primary intracerebral 
haemorrhage, respectively, of people 
>=65 years of age. 
 
A general short-term cold effect on 
hospitalizations limited to 1 week after 
exposure was observed and, for the 
first time, a clear harvesting effect 
(deficit of hospitalization) for cold-
related primary intra-cerebral 
hemorrhage was described. Day-to-day 
changes of meteorologic parameters 
disclosed characteristic U- and J-
shaped relationships with stroke 
occurrences. 
 


 


38 Magalhaes R, 
Silva MC, 
Correia M, 


To determine 
whether 
stroke 


Time series ++ ++ Population of 
86,023 
residents in 


Daily 
temperature, 
humidity and 


Stroke and 
subtypes. 
 


Poisson regression 
model, with tests 
for interaction 


PICH incidence 11.8% (3.8, 20.4%) 
increase for each degree drop in the 
diurnal temperature range in the 
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Bailey T. Are 
stroke 
occurrence and 
outcome 
related to 
weather 
parameters? 
Results from a 
population-
based study in 
northern 
Portugal. 
Cerebrovasc 
Dis. 2011; 32(6): 
542-51.


38
  


occurrence 
and outcome 
are related to 
weather 
parameters, 
and whether 
the 
association 
varies by 
stroke type 


the city of 
Porto, 
Portugal, 
October 1998 
to September 
2000. 
 
All patients 
with a first-
ever stroke: 
19.6% 
primary 
intracerebral 
haemorrhage 
(PICH), 75.3% 
ischaemic 
stroke  


air pressure 
from local 
monitoring 
stations 
(National 
Meteorologic
al Office data) 


Primary 
intracerebral 
haemorrhage 
(PICH): 19.6%. 
Ischaemic stroke: 
75.3%  
 
Ischaemic stroke* 
(IS):  21.6%, with 
the following 
subtypes: 
- total anterior 
circulation 
infarcts (TACIs): 
- partial anterior 
circulation 
infarcts (PACIs) 
- posterior 
circulation 
infarcts (POCIs) 
- lacunar infarcts 
(LACIs). 
 
*Ischaemic stroke 
(IS) defined 
according to the 
Oxfordshire 
Community Stroke 
Project classification 
and the Trial of Org 
10172 in Acute 
Stroke Treatment 
(TOAST) criteria 


preceding day.  
 
IS incidence 3.9% (1.6, 6.3%), and 
cardio-embolic IS 5.0% (0.2, 10.1%) 
increase for a 1°C drop in minimum 
temperature. 
 
Incidence of TACIs followed the IS 
pattern while for PACIs and POCIs 
there were stronger effects of longer 
hazard periods and no association was 
found for LACIs.  
 
The relative risk of a fatal versus a non-
fatal stroke increased by 15.5% (95% 
CI: 6.1-25.4%) for a 1°C drop in 
maximum temperature over the 
previous day. 


39 Murray IR, 
Howie CR, Biant 
LC. Severe 
weather 
warnings 
predict fracture 
epidemics. 
Injury 
2011;42(7):687-


To examine 
the 
relationship 
between 
severe 
weather 
warnings, the 
frequency of 
fractures, and 


Observational 
study: 
consecutive 
series of A&E 
attendances 


+ + All patients 
presenting 
with fractures 
to two adult 
and one 
paediatric 
A&E 
departments 
and a minor 


Meteorologic
al parameters 
(from met 
team at Royal 
Botanic 
Gardens 
Edinburgh): 


 Max 
temperature 


 Attendances for 
fracture 


 Fractures 


 Fracture 
admissions 


 Hip fractures 
 


Descriptive 
statistics and 
Pearson 
correlations 


Pearson correlations between weather 
and fracture-related workload for Dec 
2008/Jan 2009 and Dec2009/Jan2010 
 
  08/09 09/10 
Maximum air temperature  
Attendances -0.05 +0.03 
Fractures  -0.29* -0.52***  
Fract admissions -0.24  -0.46*** 


Author noted limitations 
The relatively short study period 
may preclude generalisability, and 
other possible confounders 
contributing to fracture burden 
such as an increase in steroid use in 
COPD sufferers were not explored. 
A wider multicentre study with 
an increased study period that 
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90.
39


  fracture- 
related 
workload 


injuries unit, 
Edinburgh, UK 
(combined 
population 
covered: 
778,367), 
over a 2-
month winter 
period: Dec 
2008/Jan 
2009 and Dec 
2009/Jan 
2010 


 Min 
temperature 


 Ground 
temperature 


 State of 
ground 


 Icy roads 
warning 


 Heavy snow 
warning 


Hip fractures -0.04  -0.21 
Minimum air temperature 
Attendances -0.10  -0.03 
Fractures  -0.20 -0.51*** 
Fract admissions -0.08  -0.32* 
Hip fractures +0.12 +0.01 
Ground temperature 
Attendances -0.07 -0.04 
Fractures  -0.17* -0.47*** 
Fract admissions -0.03 -0.30* 
Hip fractures +0.16 -0.01 
State of ground


a
 


Attendances +0.30 +0.14 
Fractures  +0.32 +0.38** 
Fract admissions +0.21 +0.31* 
Hip fractures +0.06 +0.14 
Icy roads weather warning 
Attendances +0.30* -0.15 
Fractures  +0.48*** +0.34** 
Fract admissions +0.36** +0.29* 
Hip fractures +0.14 +0.16 
Heavy snow weather warning 
Attendances -0.02 +0.17 
Fractures  +0.14 +0.17 
Fract admissions +0.27* +0.02 
Hip fractures +0.24 +0.19 
Rain 
Attendances -0.08 +0.03 
Fractures  +0.07 +0.01 
Fract admissions +0.14 -0.04 
Hip fractures +0.04 -0.09 
 
a
— 3 ordinal categories were compared: ice, 


snow but no ice, neither ice nor snow  


 


 Significant increase in fractures with 
cold and inclement weather, mostly 
low-energy fractures treated with day-
case surgery or in fracture clinics; the 
number of patients treated as 
inpatients for fractures did not 


specifically analyses the underlying 
cause of each attendance is 
required. 
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increase.  


 Hip fractures were not associated with 
weather.  


 Severe weather warnings for icy roads 
were predictive of fracture epidemics 
(p<0.01) with an associated 40% (20, 
52%) increase in fractures.  


40 Nielsen J, 
Mazick A, 
Glismann S, 
Molbak K. 
Excess mortality 
related to 
seasonal 
influenza and 
extreme 
temperatures in 
Denmark, 1994-
2010. BMC 
Infect Dis. 2011; 
11: 350.


40
  


To estimate 
mortality 
related to 
influenza and 
periods with 
extreme 
temperatures 
 


Time series ++ ++ Denmark over 
the seasons 
1994/95 to 
2009/10. 


Ambient 
temperature 
data from 
Danish 
weather 
stations. 
Mean over 
daily 
temperatures 
from all 
weather 
stations was 
used as the 
overall Danish 
temperature 
for that day. 
Weekly 
temperatures 
were 
calculated as 
the mean 
over the 
week, as was 
the weekly 
min and max 
temperatures. 
 
Influenza-like 
illness reports 
as indicator of 
influenza 
activity 


All-cause 
mortality 


Multivariable time-
series model with 
activity of influenza-
like illness (ILI) and 
excess 
temperatures as 
explanatory 
variables.  
Controlled for: 
trend, season, age, 
and gender.  
 
Two estimates of 
excess mortality 
related to influenza 
were obtained: (1) 
ILI-attributable 
mortality modelled 
directly on ILI-
activity, and (2) 
influenza-
associated mortality 
based on an 
influenza-index, 
designed to mimic 
the influenza 
transmission. 
 


The median ILI-attributable mortality 
per 100,000 population was 35 (range 
6 to 100) per season which 
corresponds to findings from 
comparable countries.  
 
Overall, 88% of these deaths occurred 
among persons >= 65 years of age. The 
median influenza-associated mortality 
per 100,000 population was 26 (range 
0 to 73), slightly higher than estimates 
based on pneumonia and influenza 
cause-specific mortality as estimated 
from other countries.  
 
There was a tendency of declining 
mortality over the years. The influenza 
A(H3N2) seasons of 1995/96 and 
1998/99 stood out with a high 
mortality, whereas the A(H3N2) 2005/6 
season and the 2009 A(H1N1) influenza 
pandemic had none or only modest 
impact on mortality. Variations in 
mortality were also related to extreme 
temperatures: cold winters periods and 
hot summers periods were associated 
with excess mortality. 
 
Authors’ conclusion: it is doable to 
model influenza-related mortality 
based on data on all-cause mortality 
and ILI, data that are easily obtainable 
in many countries and less subject to 
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bias and subjective interpretation than 
cause-of-death data. Further work is 
needed to understand the variations in 
mortality observed across seasons and 
in particular the impact of vaccination 
against influenza 


41 Office for 
National 
Statistics. 
Excess winter 
mortality in 
England and 
Wales, 2010/11 
(provisional) 
and 2009/10 
(final). 2011.


41
  


To report 
provisional 
figures of 
excess winter 
deaths (also 
referred to as 
excess winter 
mortality – 
EWM) in 
England and 
Wales for the 
winter period 
2010/11, and 
final figures 
for the winter 
period 
2009/10. 


Descriptive 
analysis of 
routine data 


+ + England and 
Wales, 
2010/11 and 
2009/10 


Seasonal 
definition. 
 
Also by 
temperature. 


Mortality Descriptive reports 
and analysis of 
historical trends 
from 1950/51 
onwards  
 
Figures are 
presented by sex, 
age, region and 
cause of death.  
 
Figures on 
temperature and 
influenza incidence 
are also provided to 
add context to the 
mortality figures. 


• There were an estimated 25,700 
excess winter deaths in England and 
Wales in 2010/11, virtually unchanged 
from the previous winter. 
• As in previous years, there were 
more excess winter deaths in females 
than in males in 2010/11. 
• Between 2009/10 and 2010/11 male 
excess winter deaths increased to 
11,200, but female deaths fell to 
14,400. 
• The majority of deaths occurred 
among those aged 75 and over; 
however, deaths in this age group fell 
between 2009/10 and 2010/11, 
whereas deaths in persons aged under 
75 increased. 
• The excess winter mortality index 
was highest in Wales in 2010/11, 
whereas in the two previous winters it 
was highest in the South East of 
England. 


 
Restricted to standard EWM 
method. 


42 Parsons N, 
Odumenya M, 
Edwards A, 
Lecky F, 
Pattison G. 
Modelling the 
effects of the 
weather on 
admissions to 
UK trauma 
units: a cross-
sectional study. 


To assess the 
relationship 
between daily 
trauma 
admissions 
and observed 
weather 
variables  
 


Observational 
(cross-
sectional) 
study. 
 


+ ++ Twenty-one 
accident and 
emergency 
departments 
(ED) located 
across 
England: data 
from Trauma 
Audit and 
Research 
Network of 
England and 


UK 
Meteorologic
al Office. 


Daily counts of 
adult and 
paediatric trauma 
admissions. 
 
(All patients 
arriving at one of 
the selected ED, 
with a 
subsequent 
death, inpatient 
stay of greater 


Multivariate 
regression analysis 


There were strong seasonal trends in 
paediatric ((2) likelihood ratio test 
p<0.001), and adult (p=0.016) trauma 
admissions.  
 
For adults, each rise of 5C in the 
maximum daily temperature and each 
additional 2 h of sunshine caused 
increases in trauma admissions of 1.8% 
and 1.9%. Effects in the paediatric 
group were considerably larger, with 
similar increases in temperature and 
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Emerg Med J. 
2011; 28(10): 
851-5.


42
  


Wales, 1 
January 1996 
to 31 
December 
2006. 


than 3 days, inter-
hospital transfer 
or requiring 
critical care) 
 


hours of sunshine causing increases in 
trauma admissions of 10% and 6%. 
Each drop of 5C in the minimum daily 
temperature, eg, due to a severe night 
time frost, caused adult trauma 
admissions to increase by 3.2%. Also 
the presence of snow increased adult 
trauma admissions by 7.9%. 
 
Authors’ conclusion: clear associations 
(with weather) that have direct 
application for planning and resource 
management in UK ED. 


43 Rocklov J, Ebi K, 
Forsberg B. 
Mortality 
related to 
temperature 
and persistent 
extreme 
temperatures: a 
study of cause-
specific and 
age-stratified 
mortality. 
Occup Environ 
Med. 2011; 
68(7): 531-6.


43
  


To establish 
time-series 
models in 
which the 
effects of 
persistent 
extreme 
temperature 
and 
temperature 
in general can 
be 
disentangled. 
 


Time series ++ + Stockholm 
County 
(Sweden), 
1990-2002 


Ambient 
temperature 
from the 
Stockholm 
central 
monitoring 
station.   
 
Included 
multiple 
temperature 
variables as 
well as 
humidity and 
air pollution. 
 
Computed 
indexes of the 
maximum and 
minimum 
apparent 
temperature. 
 
Tested lags 0-
1, 0-6, and 0-
13.  
 


Cause-specific 
mortality and 
age-stratified 
mortality in 
Stockholm county 
from the Swedish 
cause of death 
register. 
 
Looked at all-
cause (excluding 
external), 
cardiovascular 
(CVD), respiratory 
and other causes. 
 
Conducted 
stratified analyses 
by age group. 


Time-series Poisson 
regression models, 
adjusting for time 
trends and 
potential 
confounders, to 
study the effects of 
temperature and 
persistence of 
extreme 
temperature. 
 
Data were analysed 
separately for 
winter and summer. 
 
The effects of 
temperature and 
extreme persistent 
temperature were 
modelled 
simultaneously. 
 


Persistent extremely high temperature 
was associated with additional deaths, 
and the risk of death increased 
significantly per day of extended heat 
exposure.  
 
Extreme exposure to heat was 
associated with higher death rates in 
adults and for cardiovascular causes of 
death, compared with a rise in 
temperature (see below).  
 
The relative risk (RR) associated with a 
1 deg C increase in minimum apparent 
temperature  in summer (lag 0-1) was 
significant for: 
All-cause mortality: 1.006 (1.001, 
1.010) 
Non CVD/respiratory mortality: 1.007 
(1.001, 1.013) 
Ages 80+: 1.011 (1.005, 1.017) 
The confidence intervals included 1 for 
CVD, respiratory, and ages 0-44, 45-64 
and 65-79. 
 
The RR associated with day number in 
sequence of persistent extreme heat in 
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Also 
examined 
impact of 
persistent 
extreme 
temperatures, 
defined as a 
sequence of 
consecutive 
days above 
the 98


th
 


percentile or 
below the 2


nd
.  


Accumulation 
assumed only 
to start on the 
second day of 
the extreme 
temperatures. 
 
Adjusted for 
air pollution, 
year, month, 
weekday, 
holiday.  Also 
evaluated 
adjustment 
for within and 
between year 
time trends. 
 
Controlled for 
flu in models 
of cold effects 
in winter. 


summer was significant for: 
All-cause mortality: 1.024 (1.010, 
1.038) 
Non CVD/respiratory mortality: 1.023 
(1.003, 1.042) 
Ages 65-79: 1.028 (1.004, 1.052) 
Ages 80+: 1.021 (1.002, 1.040) 
 
In terms of cold, there was an increase 
in mortality for certain causes of death, 
but not when stratified by age group:   
 
The relative risk (RR) associated with a 
1 deg C decrease in minimum apparent 
temperature in winter (lag 0-1) was 
significant for: 
All-cause mortality: 1.006 (1.001, 
1.010) 
CVD mortality: 1.014 (1.008, 1.020) 
 
Persistent extreme cold did not show 
an additional effect on mortality. 
 
Furthermore, the impact of warm and 
cold temperatures decreases within 
the season, while the impact of 
persistent extremely high 
temperatures remains similar 
throughout the summer. 
 
Confounding or interaction with air 
pollution was not apparent. 
 
Authors’ conclusions: the mortality 
impact of persistence of extreme high 
temperatures to increase 
proportionally to the length of the heat 
episode in addition to the effects of 
temperature based on the 
temperature-mortality relationship. 







159 


 


Thus, the additional effect of persistent 
extreme heat was found to be 
important to incorporate for models of 
mortality related to ambient 
temperatures to avoid negatively 
biased attributed risks, especially for 
cardiovascular mortality. Moreover, 
the effects associated with non-
extreme temperatures may decline as 
the pool of fragile individuals shrink as 
well as due to 
acclimatisation/adaptation. However, a 
similar decline was not observed for 
the effects associated with extreme 
heat episodes. 


44 Turner RM, 
Hayen A, 
Dunsmuir WT, 
Finch CF. Air 
temperature 
and the 
incidence of 
fall-related hip 
fracture 
hospitalisations 
in older people. 
Osteoporos Int. 
2011; 22(4): 
1183-9.


44
  


To investigate 
whether there 
is an 
association 
between 
mean daily air 
temperature 
and fall-
related hip 
fracture 
hospitalisatio
ns in older 
people.  


Cross-
sectional 
time-series 
study, 


+ + Admissions 
between 1 
July 1998 to 
31 December 
2004, 
inclusive, with 
a Sydney 
resident’s 
address (60% 
of NSW 
population) 
and aged 65+. 


Mean daily 
ambient air 
temperature 
calculated by 
averaging 
data from 22 
weather 
stations 
spread across 
the most 
populated 
parts of 
Sydney.  
 
Effect 
modifiers 
Age/sex 
 
Confounders 
Seasonal 
trends, 
weekdays/we
ekends, long-
term trends, 
time-lag 


Fall-related hip 
fracture 
hospitalisations 
from New South 
Wales Admitted 
Patients Data 
Collection. 


Poisson regression 
used to model daily 
fall-related hip 
fracture 
hospitalisation 
counts, adjusting 
for seasonal trend, 
day-of-week 
effects, long-term 
trends in fall-
related hip fracture 
hospitalisation 
counts, and 
autocorrelation in 
the time series. 
Separate models fit 
by sex and age 
group (65-74 years, 
75-84 years, 85+ 
years). 
 


Lower daily air temperature was 
significantly associated with higher fall-
related hip fracture hospitalisations in 
75+-year-olds:  
men aged 75-84 years, rate ratio (RR) 
for a 1 deg C increase in temperature 
of 0.98 with 95% confidence interval 
(0.96, 0.99) 
men 85+ years RR = 0.98 (0.96, 1.00) 
women 75-84 years RR = 0.99 (0.98, 
1.00) 
women 85+ years RR = 0.98 (0.97, 
0.99).  
 
Fewer hospitalisations found across all 
age/sex strata on weekends compared 
to weekdays ranging from RR = 0.81 
(0.73, 0.90) in women aged 65-74 years 
to RR = 0.89 (0.80, 0.98) in men aged 
85+ years. 
 
Significant seasonal trend found in fall-
related hip fracture hospitalisation 
rates for both males and females 
aged 75+ years (p<0.001). 


Authors mention that admissions 
only included month/day not date; 
inclusion of patients via residential 
address not which hospital 
admitted to; date of admission 
assumed to be date of injury. 
 
Deprivation and influenza/other 
illness illness not accounted for. 
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Authors’ conclusions: after adjustment 
for season, day-of-week effects, long-
term trend and autocorrelation, fall-
related hip fracture hospitalisation 
rates are higher in both males and 
females aged 75+ years when there is a 
lower air temperature. 


45 Wu PC, Lin CY, 
Lung SC, Guo 
HR, Chou CH, Su 
HJ. 
Cardiovascular 
mortality during 
heat and cold 
events: 
determinants of 
regional 
vulnerability in 
Taiwan. Occup 
Environ Med. 
2011; 68(7): 
525-30.


45
  


 
 


To identify 
vulnerable 
regions with 
underlying 
susceptibility 
and poor 
adaptive 
capability in 
response to 
cold and heat 
events in 
Taiwan 


Spatial 
regression 
models 


+ + Taiwan, 1994 
to 2003: 
island-wide 
analysis 


Cold events 
(from 
temperature 
monitoring 
data)   


Cardiovascular 
mortality (two 
weeks before and 
after cold events) 


Spatial regression of 
mean 
cardiovascular 
mortality 2 weeks 
before and after 
cold events on area-
based  
temperature, 
demographic and 
socio-economic 
parameters 


Urbanization 
Metropolitan regions had substantially 
lower mortality than rural areas after 
cold events. 
 
Negative association between 
mortality after cold events and 
urbanisation, and the availability of 
medical resources. 
 
Authors note: “These data… suggest 
that urban areas have a greater 
adaptive capability than rural areas, 
plausibly because people in urban 
areas have a higher socio-economic 
status and more medical resources.” 
 
Also states that “Health statistics 
shows that the overall mortality in 
aborigine townships is about 70% 
higher than in the general population 
in Taiwan.” 


 


Continued…  
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Appendix 5 table continued: 2010 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2010           
46 Barnett AG, 


Tong S, 
Clements AC. 
What measure 
of temperature 
is the best 
predictor of 
mortality? 
Environ Res. 
2010; 110(6): 
604-11.


46
  


To examine 
which 
measure of 
temperature 
is the best 
predictor of 
mortality 


Multi-site 
time series 


++ ++ Population 
mortality data 
from 107 US 
cities 
(National 
Morbidity and 
Mortality Air 
Pollution 
Study), 1987-
2000 


Meteorologic
al 
parameters: 
mean, 
minimum and 
maximum 
temperature 
with and 
without 
humidity, and 
apparent 
temperature 
and the 
Humidex. 


All-cause 
mortality 


Poisson regression 
with over-
dispersion to model 
a non-linear 
temperature effect 
and a non-linear lag 
structure 


Large differences in the best 
temperature measure between age 
groups, seasons and cities, and there 
was no one temperature measure that 
was superior to the others. 
 
The strong correlation between 
different measures of temperature 
means that, on average, they have the 
same predictive ability. The best 
temperature measure for new studies 
can be chosen based on practical 
concerns, such as choosing the 
measure with the least amount of 
missing data. 
 


 


47 Bayentin L, El 
Adlouni S, 
Ouarda TB, 
Gosselin P, 
Doyon B, 
Chebana F. 
Spatial 
variability of 
climate effects 
on ischemic 
heart disease 
hospitalization 
rates for the 
period 1989-
2006 in Quebec, 
Canada. Int J 
Health Geogr. 
2010; 9: 5.


47
  


To examine 
the short-
term effect of 
climate 
conditions on 
the incidence 
of ischemic 
heart disease 
(IHD 


Time series + + 18 health 
regions of 
Quebec, 
Canada, 1989-
2006 


Meteorologic
al 
classification 
(temperature) 
from local 
monitoring 
stations 
(Environment 
Canada’s 
National 
Climate 
Archive) 


Hospital 
admission with 
ischaemic heat 
disease (IHD) 


GAM model to fit 
standardized daily 
hospitalization rates 
for IHD and their 
relationship with 
climatic conditions 
up to two weeks 
prior to the day of 
admission 
 
Confounder 
control: 
Abstract: 
“controlling for 
time trends, day of 
the season and 
gender”. However 
no details were 
given . 
 


Cold temperatures during winter 
months were associated with an 
increase of up to 12% in the daily 
hospital admission rate for IHD but 
showed decreased risks in some areas.  
 
In most regions, exposure to a 
continuous period of cold was more 
harmful than just one isolated day of 
extreme weather.  
 
For men, the risk was higher (1.03% to 
12.32%) in the  45-64 years age group 
in most regions, compared to older 
men (0.53% to 2.98%). 


 
In most regions, the annual maximum 
of daily IHD admissions for 65 years old 
was reached earlier in the season for 
both genders and both seasons 


 
Author identified limitations: 
- no data on patient history, 
personal characteristics, co-
morbidity 
 
-  limitations of smoking and 
deprivation data allowed only a 
qualitative analysis 
 
- no assessment of role of air 
pollution 
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compared to younger age groups. 
 
The effects of meteorological variables 
on the daily IHD admissions rate were 
more pronounced in regions with:  
 -- high smoking prevalence 
 -- high deprivation index. 
 
 


48 Bhaskaran K, 
Hajat S, Haines 
A, Herrett E, 
Wilkinson P, 
Smeeth L. Short 
term effects of 
temperature on 
risk of 
myocardial 
infarction in 
England and 
Wales: time 
series 
regression 
analysis of the 
Myocardial 
Ischaemia 
National Audit 
Project (MINAP) 
registry. Bmj. 
2010; 341: 
c3823.


48
  


To examine 
the short 
term relation 
between 
ambient 
temperature 
and risk of 
myocardial 
infarction. 
 


Daily time 
series  


++ ++ 15 
conurbations 
in England 
and Wales: 
84,010 
hospital 
admissions 
for 
myocardial 
infarction 
recorded in 
the 
Myocardial 
Ischaemia 
National Audit 
Project during 
2003-6 
(median 57 
events a day). 
 


Ambient 
temperature 


Change in risk of 
myocardial 
infarction 
associated with a 
1 degrees C 
difference in 
temperature, 
including effects 
delayed by up to 
28 days. 
 


Time series 
regression 


Smoothed graphs revealed a broadly 
linear relation between temperature 
and myocardial infarction, which was 
well characterised by log-linear models 
without a temperature threshold: each 
1 degrees C reduction in daily mean 
temperature was associated with a 
2.0% (95% confidence interval 1.1% to 
2.9%) cumulative increase in risk of 
myocardial infarction over the current 
and following 28 days, the strongest 
effects being estimated at intermediate 
lags of 2-7 and 8-14 days: increase per 
1 degrees C reduction 0.6% (95% 
confidence interval 0.2% to 1.1%) and 
0.7% (0.3% to 1.1%), respectively. 
 
Adults aged 75-84 and those with 
previous coronary heart disease 
seemed more vulnerable to the effects 
of cold than other age groups (P for 
interaction 0.001 or less in each case), 
whereas those taking aspirin were less 
vulnerable (P for interaction 0.007). 
 
Authors’ conclusions: increases in risk 
of myocardial infarction at colder 
ambient temperatures may be one 
driver of cold related increases in 
overall mortality, but an increased risk 
of myocardial infarction at higher 
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temperatures was not detected. The 
risk of myocardial infarction in 
vulnerable people might be reduced by 
the provision of targeted advice or 
other interventions, triggered by 
forecasts of lower temperature. 


49 Chen VY, Wu 
PC, Yang TC, Su 
HJ. Examining 
non-stationary 
effects of social 
determinants 
on 
cardiovascular 
mortality after 
cold surges in 
Taiwan. Sci 
Total Environ. 
2010; 408(9): 
2042-9.


49
  


To examine 
the ecological 
associations 
between 
various social 
determinants 
and 
cardiovascular 
mortality 
after cold 
surges 


Spatial 
regression of 
responses to 
‘cold surges’ 


+ - Townships of 
Taiwan, 1997 
to 2003 


‘Cold surges’ 
(see Yang et 
al, 2009, 
below) 
 
Modifiers 
Five social 
determinants 
derived from 
2000 Taiwan 
Census data 
were 
explored: 
-- social 
disadvantage 
-- lack of 
economic 
opportunity 
-- ‘stability’ 
-- sensitive 
group 
(including age 
and disability) 
-- rurality 


Cardiovascular 
mortality 


Geographically-
weighted Poisson 
regression. 
Modifiers treated as 
covariates. 


Immediate increase in cardiovascular 
mortality after ‘cold surges’  
 
All five determinants tested were 
related to cardiovascular mortality 
rates after cold surges. 
 
Social disadvantage (3.8% increase), 
stability (5.8%), sensitivity (10.9% for 
each quartile of sensitivity), and 
rurality (4.8%) all contributed to 
mortality. Lack of opportunity did not 
have a significant effect. 
 
Cardiovascular mortality varied 
spatially 
 
Sensitivity accounted for the largest 
influence on relative risk 
 
Relative Risks 
Sensitivity (2


nd
) 1.208 (1.162,1.256)  


Sensitivity (3rd) 1.254 (1.184-1.327) 
Sensitivity(4


th
) 1.327 (1.222-1.441) 


Disadvantage 1.038 (1.002, 
1.075) 
Lack opportunity 0.996 (0.977, 
1.016) 
Stability                  1.057 (1.026, 1.088) 
Rurality (2nd) 1.130 (1.078, 
1.184) 
Rurality (3rd) 1.138 (1.064, 
1.216) 
Rurality (4th) 1.146 (1.049, 


Limitations include: potential 
ecological bias; the modifying 
effect of air pollution was 
unaccounted for; and the study did 
not use age-sex adjusted mortality. 
It is possible that severe cases 
would be transferred to a larger 
hospital, outside of the local 
township areas and that mortality 
would be biased towards these 
locations. The basis behind the 
modifiers is not well explained. 
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1.251) 
50 Gomez-Acebo I, 


Dierssen-Sotos 
T, Llorca J. 
Effect of cold 
temperatures 
on mortality in 
Cantabria 
(Northern 
Spain): a case-
crossover study. 
Public Health. 
2010; 124(7): 
398-403.


50
  


To determine 
the impact of 
low 
temperatures 
on mortality 
in a Spanish 
region that 
includes both 
rural and 
urban areas. 
 


Case-
crossover 
study. 
 


+ + Cantabria, a 
Spanish 
region which 
includes both 
rural and 
urban areas 
(total 
population of 
572,824), in 
2004-2005 


Ambient 
temperature 
(cold).  
 
Several 
indicators 
were used for 
cold weather: 
maximum, 
minimum and 
mean 
temperature; 
effective 
temperature 
(ET); net 
effective 
temperature 
(NET); and 
windchill 
index. 


Mortality (all 
cause?)  


Conditional logistic 
regression, 
adjusting for 
humidity and wind 
speed. 
 
Odds ratios for 
several cold 
weather indicators 
were estimated. 
 
Zero- to 6-day lags 
in the temperature 
effect were 
considered. 
 


Temperatures lower than the 5th 
percentile were strongly associated 
with mortality compared with 
temperatures above the 5th percentile 
(OR 3.40, 95% confidence interval 2.95-
3.93 for 6-day lag).  
 
All temperature indices show a 
negative association with mortality; for 
instance, the maximum temperature 
had ORs of 0.71, 0.58, 0.32 and 0.16 for 
Quintiles 2-5 (reference: Quintile 1).  
 
This effect was common to all age 
groups. 
 
Authors’ conclusions: cold weather is 
strongly associated with mortality in 
small cities and rural areas 


 


51 Harris J, Hall J, 
Meltzer H, 
Jenkins R, 
Oreszczyn T, 
McManus S. 
Health, mental 
health and 
housing 
conditions in 
England 
London: 
National Centre 
for Social 
Research / 
EAGA 
Charitable 
Trust; 2010.


51
  


To explore to 
what extent 
various 
aspects of 
fuel related 
poverty are 
associated 
with poor 
mental 
health, 
specifically 
presence of 
common 
mental 
disorders 
(CMDs) such 
as 
anxiety and 
depression;  


Population 
survey 


++ ++ England: 
population 
survey. 
 
Stratified 
probability 
sample of 
households in 
England: 7461 
residents 
aged >=16 
years (57% of 
eligible 
households) 


Measures of 
fuel poverty 
as indicated 
by whether 
the 
respondent 
reported 
being 
thermally 
comfortable 
and of having 
fuel-related 
financial 
strain. 


Common mental 
disorder (CMD), 
classified on the 
basis of the 
Clinical Interview 
Schedule - 
Revised (CIS-R) 
 
 


Multivariable 
regressions 
methods 


 
Fuel poverty and common mental 
disorder 
 N OR (95% CI) 
Used less fuel   
No 6245 1 
Yes 1088 1.77 (1.46, 2.16) 
Cold home 
No 6983 1 
Yes 319 1.85 (1.33, 2.58) 
Mould 
No 6697 1 
Yes 626  1.52 (1.19, 1.94) 
 
Fuel poverty and physical health 
condition in last year 
 N OR (95% CI) 
Mould 
No 6617 1 
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and physical 
illness 


Yes 663  1.38 (1.14, 1.67) 
 
 
Fuel poverty and whether respondent 
had cardiovascular disease  in the last 
year 
  Presence of CVD 
  Yes No    Stat 
            Sig 
Used less fuel  20 14     * 
Cold home 5 3      NS 
Fuel debt   7 4      NS 
Mould  9 9     NS 
 
 


52 Iniguez C, 
Ballester F, 
Ferrandiz J, 
Perez-Hoyos S, 
Saez M, Lopez 
A, et al. Relation 
between 
temperature 
and mortality in 
thirteen Spanish 
cities. Int J 
Environ Res 
Public Health. 
2010; 7(8): 
3196-210.


52
  


To examine 
the shape of 
the age-
specific and 
cause-specific 
association 
between 
ambient 
temperature 
and mortality 
in 13 Spanish 
cities. 


Cross-
sectional 
time-series 
study. 


+ + Population in 
13 Spanish 
cities over at 
least three 
consecutive 
years 
between 1990 
and 1996.  


Daily mean 
ambient 
temperature 
(average of 
daily 
minimum and 
maximum) 
and daily 
mean 
humidity 
(mean of 
values at 0, 7, 
13 and 18 
hours in 
current day) 
were 
obtained from 
airport 
meteorologic
al station 
located 
closest to the 
city centre.  
 
Effect 


Total mortality, 
cardio-respiratory 
mortality, and 
mortality among 
people 70 years 
old or over, 


A Poisson 
generalised additive 
model for 
association 
between ambient 
temperature and 
each outcome for 
each city. 
Significance of 
temperature 
evaluated using 
likelihood ratio test. 
Temperature value 
linked with 
minimum mortality 
(MMT) and slopes 
before and after 
turning point 
(MMT) were 
estimated by linear 
regression. Impact 
of cold and heat 
expressed as 
percentage change 
in mortality for 


The relationship between temperature 
and total mortality was significant in 
nine of the 13 cities, including the most 
populated (no p-value). 
 
Focusing on significant associations, 
the relationship between temperature 
and mortality was V or U-shaped, with 
largest effects (steeper slopes) for 
cardio-respiratory deaths (no p-value). 
 
MMTs were generally higher in cities 
with warmer climates. Cold and heat 
effects also depended on climate: 
effects were greater in hotter cities but 
lesser in cities with higher variability. 
The effect of heat was greater than the 
effect of cold. The effect of cold and 
MMT was, in general, greater for 
cardio-respiratory mortality than for 
total mortality, while the effect of heat 
was, in general, greater among the 
elderly. 


Authors note that a limitation of 
the study may be the low power 
when analysing series with a scarce 
number of events. 
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modifier 
<70 and >70 
 
Confounders 
PM10/black 
smoke/total 
suspended 
particles, daily 
incidence of 
influenza, 
day-of-week, 
holiday days, 
unusual 
events, 
secular 
trends, 
seasonality, 
lagged effects 
of 
temperature 
and humidity. 
 


temperature 
change of 1 ºC. 


53 Montero JC, 
Miron IJ, 
Criado-Alvarez 
JJ, Linares C, 
Diaz J. Mortality 
from cold waves 
in Castile--La 
Mancha, Spain. 
Sci Total 
Environ. 2010; 
408(23): 5768-
74.


53
  


To quantify 
the rise in 
mortality due 
to extreme 
cold and the 
factors that 
determine the 
relationship 
between 
these 
variables.  
 


Time series ++ + Five towns in 
Castile-La 
Mancha, 1975 
to 2003 


Met station 
data 


Daily deaths 
counts 


Mortality residuals 
after application of 
ARIMA models to 
the mortality data 
were correlated 
with similarly 
filtered 
temperatures (from 
November to 
March). 
 
Adj for Month and 
flu 
 
Lags with strongest 
cross-correlations 
were selected for 
presentation.  


There were two mortality peaks: a 
short-term peak (with a lag of 3 to 7 
days); and a longer term peak (of under 
two weeks). Excess mortality during 
cold waves was around 10% per degree 
centigrade below the threshold 
temperature for all the provinces 
except Guadalajara, where an increase 
of only 4.61% was detected. Mortality 
increased in response to rises in cold-
wave duration and relative humidity. 
Cold waves that were longer or 
occurring at the end of the "winter" 
season caused the greatest mortality. 
 
 
 
Authors’ conclusions: daily mortality in 


Unusual analysis makes assessment 
of robustness of results difficult 
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Castile - La Mancha increases during 
cold waves.  


54 Rau R, Gampe J, 
Eilers PH, Marx 
BD. 
Socioeconomic 
differences in 
seasonal 
mortality in the 
United States.  
Extended 
abstract. 
Population 
Association of 
America, 2011. 
Washington DC 
31 March - 2 
April 2011: 
Princeton 
University, 
2010.


54
  


To analyse 
whether 
people from 
lower 
socioeconomi
c groups not 
only suffer 
from higher 
mortality but 
are also 
exposed to 
higher 
seasonal 
fluctuations in 
mortality. 


Observational 
study: 
seasonal 
analysis of 
routine data 


+ + USA: analysis 
of individual 
death 
records, 1989 
– 2006, from  
the National 
Center for 
Health 
Statistics. 


Seasonality Deaths from heart 
diseases and 
respiratory 
diseases  
 
(which constitute 
40% of the 41.9 
million deaths 
which occurred in 
the US between 
1989 and 2006) 


Analysis of seasonal 
fluctuations over 
age and time 


Contrasting seasonality in deaths of 
people with “high” and “low” 
education in our preliminary analysis, 
there were no noteworthy differences 
in seasonality between the 
socioeconomic groups. 


 


Continued…  
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Appendix 5 table continued: 2009 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2009           
55 Abrignani MG, 


Corrao S, 
Biondo GB, 
Renda N, 
Braschi A, Novo 
G, et al. 
Influence of 
climatic 
variables on 
acute 
myocardial 
infarction 
hospital 
admissions. Int J 
Cardiol. 2009; 
137(2): 123-9.


55
  


To determine 
the influence 
of seasonal 
variations and 
weather on 
AMI hospital 
admissions. 


Time series 
and tests for 
seasonality 


- - Patients (2822 
men and 1096 
women) 
admitted to a 
single hospital 
for acute 
myocardial 
infarction 
(AMI) in 
western Sicily, 
1987-1998. 
 
 


Meteorologic
al parameters 
(temperature, 
humidity, 
wind force 
and direction, 
precipitation, 
hours of 
sunshine, 
daily rain, and 
atmospheric 
pressure) 
from local 
monitoring 
station 


Hospital 
admission for AMI 


Multivariate 
Poisson regression 
of daily AMI 
admissions on 
weather conditions 
 
The final model was 
built controlling for 
multicollinearity 
and interaction 
between variables. 


Significant winter peak in AMI. 
 
Seasonal variations were not consistent 
across age and sex groups. 
 
Significant association between AMI 
admissions and minimum daily 
temperature and maximum daily 
humidity.  
 
Relative risks 
Minimum temperature 
Males  0.95 (0.92, 0.98)  
Females  0.91 (0.86-0.95) 
 
Max relative humidity 
Males  0.97 (0.94-0.99)  
Females  0.94 (0.90-0.98) 
 
No significant association between 
heat and incidence of AMI, or wind or 
rain. 
 
Environmental temperature and 
humidity may play an important role in 
the pathogenesis of AMI.  


Reviewer comment 
Not full methods of time-series  
 
 
Same authors also provide similar 
analysis for admission for angina 
pectoris to the same hospital. Not 
separately reported here. 
 


56 Anderson, B. G. 
and M. L. Bell 
(2009). 
"Weather-
related 
mortality: how 
heat, cold, and 
heat waves 
affect mortality 
in the United 


To examine 
temperature-
related 
mortality 
across the 
USA 


Time series ++ ++ 107 US 
communities 
Mainly urban 
Data for 
(whole) 
population  


Met station 
observations 


death Times series 
regression analysis 
adjusting for 
seasonal and other 
time trends (7df/y 
spline) and d.o.w. 


Cold-related mortality was most 
associated with a longer lag (average of 
current day up to 25 days previous), 
with a 4.2% (3.2%-5.3%) increase in risk 
comparing the first and 10th percentile 
temperatures for the community. 
 
This relative cold risk increment was 
higher in persons aged 75+ (about 6%, 
from Fig 4) than in 0-64 and 65-74 
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States." 
Epidemiology 
20(2): 205-
213.


56
  


groups (about 2.5% in both).  
 
This relative cold risk increment was 
higher in warmer communities. (+27% 
across IQR of mean winter temp)  
 
Higher susceptibility to cold was 
identified for communities with a 
higher percentage of African Americans 
(+11%). 
 


57 Bryden C, Bird 
W, Titley HA, 
Halpin DM, Levy 
ML. 
Stratification of 
COPD patients 
by previous 
admission for 
targeting of 
preventative 
care. Respir 
Med. 2009; 
103(4): 558-6.


57
  


To examine 
risk 
stratification 
of COPD 
patients (for 
winter 
admission) 
and how 
interventions 
should be 
targeted to 
prevent 
admissions 


Observational 
(retrospective 
cohort 
population-
based) study 
of risk-
stratified 
COPD patients 


+ + COPD 
admissions(n=
80,291), 
1997-2003, in 
three 
Strategic 
Health 
Authorities, 
England: 
Cheshire & 
Merseyside,  
Birmingham 
and the 
Black Country, 
and Norfolk, 
Suffolk and 
Cambridgeshi
re SHAs 


Stratified into 
three groups 
according to 
the number of 
admissions 
during the 
previous year: 
 0 (NIL) 
1-2 (MOD) 
>or=3 (FRQ) 


Hospital 
admission  (COPD 
exacerbation) 


Patients admitted 
during winter (1 
November-31 
March) were 
stratified into three 
groups according to 
the number of 
admissions during 
the previous year: 0 
(NIL), 1-2 (MOD) or 
>or=3 (FRQ). Winter 
weeks were 
classified as 
"average", "above 
average", "high", or 
"very high" risk, 
compared with the 
long-term mean 


The risk of admission during winter 
FRQ 40% 
MOD 12% 
 
NIL patients contributed to 70% of 
winter admissions, and 90% of the 
variation between "average" and "very 
high" weeks, versus 9% and 1% for 
MOD and FRQ. 
 
Author note: “Patients with no 
previous admissions have lower 
individual risk, but contribute to a high 
overall utilisation of health care 
resources and should be targeted to 
prevent admissions. Focusing upon 
high-risk patients (frequent attenders 
or more severe) may only reduce a 
small proportion of admissions, and 
therefore clinicians should ensure that 
all COPD patients receive appropriate 
therapy to reduce risk of 
exacerbations.” 


: 
Confounders such as influenza and 
other co-morbidities is not 
accounted for, issues related to 
temperature and air quality are not 
included.  Further limitations relate 
to coding of COPD in HES, and 
potential un-detected/ reported 
COPD events.  
The findings are applicable to the 
study area, more adjustment 
needed to make generalisable to 
England. 


58 Croxford B. The 
effect of cold 
homes on 
health: 
evidence from 
the LARES 


To improve 
knowledge of 
the impacts of 
existing 
housing 
conditions on 


House and 
household 
surveys 


+/
- 


+/- Survey of the 
condition of 
3373 
dwellings and 
the health 
status of  


Four survey 
variables 
selected as 
indicative of 
‘poor hygro-
thermal 


Four major 
categories of 
outcome: 
 
(1) any cardio 
vascular illness 


Logistic regression 
model with fixed 
effect control for 
city. 
 
Confounding 


Summary results of statistically 
significant associations between 
measures of cold homes and health.  
Results of multi-variable logistic 
regression 
 


Reviewer comments: 
 
-- Analyses based on overall 
prevalence not on seasonality in 
symptoms or cold-attribution; 
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study. In: 
Ormandy D, 
editor. Housig 
and health in 
Europe: the 
WHO LARES 
project. Oxford: 
Routledge; 
2009. p. 142-
54.


58
  


 
 


health and 
mental  
and physical 
well-being 
 
(LARES study: 
Large Analysis 
and Review of 
European 
housing and 
health Status) 


8519 
inhabitants in  
eight 
European 
cities:  
Angers (F) 
Bonn (D) 
Bratislava (SK) 
Budapest 
(HU) 
Ferreira do 
Alentejo 
(POR) 
Forli (IT) 
Geneva (CH) 
Vilnius (LT). 
Broad aim: 
400 dwellings, 
1000 
inhabitants 
per city. 
 
Average 
response rate 
over all cities: 
44.2% of the 
eligible  
sample of 
households.  


conditions:’ 
 
- Temperature 
cold in 
winter? 
- Dissatisfied 
with 
Insulation? 
- Dissatisfied 
with heating 
system? 
- Dissatisfied 
with 
draughts? 
 


(doctor-
diagnosed 
hypertension, 
heart attack, 
strokes; 
 
(2) any 
respiratory health 
problem 
(doctor- 
diagnosed acute 
bronchitis, 
wheezing and 
whistling;  
 
(3) any arthritis/ 
rheumatic pain 
(self-reported) 
 
(4) belief that 
specific health 
problems 
affecting mental 
health are related 
to dwelling 
 
(this is related 
to four questions 
in the survey that 
together can be 
used to generate 
a score for mental 
health 
called the SALSA 
score, see the 
chapter on 
mental health for 
more details) 


variables included:  
personal  
age, sex, height, 
weight, Body Mass 
Index (BMI), 
smoking status, 
alcohol 
consumption, 
exercise status; 
household 
socio-economic 
status, no. of 
inhabitants, SALSA 
mental health 
indicator; fuel poor; 
perceptions 
problems with cold 
in winter, 
dissatisfaction with 
heating, 
dissastisfaction with 
thermal insulation, 
dissatisfaction with 
draughtiness, 
mouldy or damp 
home 


Reported respiratory problems 
Child 2.1 times MORE prevalent if 


dissatisfied with heating 
system (OR:2.1, CI:1.0-4.38);  
4 times LESS prevalent if 
dissatisfied with draughts 
(OR:0.25, CI:0.13-0.49) 


Adult None 
Seniors 1.97 times MORE prevalent if 


house cold in winter 
(OR:1.97, CI:1.03-3.76); 2.39 
times MORE prevalent if 
dissatisfied with insulation 
(OR:2.39, CI:1.07-5.36) 


 
Reported cardiovascular problems 
Child N/A (too few events) 
Adult None 
Seniors None 
 
Reported arthritis problems 
Child N/A (too few cases) 
Adult None 
Seniors 1.92 times MORE prevalent if 


house cold in winter 
(OR:1.92, CI:1.16-3.16) 


 
Belief that mental health problems are 
related to dwelling 
Child 7.7 times LESS prevalent if 


dissatisfied with insulation 
(OR:0.13, CI:0.02-0.99) 


Adult 1.79 times MORE prevalent if 
house cold in winter Cold 
(OR:1.79, CI:1.07-2.98); 1.67 
times MORE prevalent if 
dissatisfied with insulation 
(OR:1.67, CI:1-2.81); 1.82 
times MORE prevalent if 
dissatisfied with heating 


-- Cross-sectional comparison only 
 
-- Unclear which confounder 
variables included in final models 
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system (OR:1.82, CI:1.14-
2.91) 


Seniors None 
59 Ekamper P, van 


Poppel F, van 
Duin C, Garssen 
J. 150 Years of 
temperature-
related excess 
mortality in the 
Netherlands. 
Demogr Res. 
2009; 21: 385-
425.


59
  


To gain insight 
into the 
nature of the 
temperature-
mortality 
association 
(including 
factors 
indicating 
vulnerability) 
over a long 
period. 


Daily time 
series 


+ + 
 


The 
Netherlands: 
individual 
death 
records, 1855-
2006, for one 
of the 11 
Dutch 
provinces. 


Daily 
temperature  
 
 


Mortality Negative binomial 
regression analysis; 
Distributed lag (0-
30 days) “V” model 
for temperature 
with apex (MMT) at 
16.5 C.; adjustment 
for seasonality and 
trend  by 
preliminary removal 
of sine-cosine wave 
and time spline 
 
 


Pooling the 150 years data, clear cold 
effects were identified. Regression 
coefficients from several lag intervals 
but not overall given [making summary 
difficult]. Coefficients were higher in 
infants and older persons (especially 
75+), but similar in men and women.  
 
Lag interval specific coefficients were 
presented by 25-year period. Authors 
identified a decline in cold effects in 
infants from about 1930, and an 
increasing cold effect in the 75+ group 
(details not shown).  Inspection of the 
data presented did not show a clear 
upward or downward trend over time 
in cold effects overall.  


Pre-adjustment for season may 
remove some cold effect. 
 
Changes in effects over such a long 
time may be due to many factors.  


60 Fearn V, Carter 
J. Excess winter 
mortality in 
England and 
Wales, 2008/09 
(provisional) 
and 2007/08 
(final). Health 
stat. 2009; (44): 
69-79.


60
  


 
(See also 
subsequent 
annual ONS 
reports) 


To present  
provisional 
estimated 
figures for 
excess winter 
mortality 
(EWM) for the 
winter period 
2008/09, and 
final figures 
for the winter 
period 
2007/08 for 
deaths 
occurring in 
England and 
Wales, and 
analyses of 
historical 
trends in 


Observational 
study: 
seasonal 
analysis of 
routine 
mortality data 


+ + England and 
Wales 


Seasonal 
analysis 
(EWD) 


Mortality Figures by sex, age, 
and Government 
Office Region of 
England, 
and Wales are 
presented for the 
five-year period 
2004/05 to 
2008/09, and by 
cause of death from 
2005/06 to 
2007/08. 


 There were an estimated 36,700 
excess winter deaths in England and 
Wales in 2008/09. This is an increase 
of 49 per cent compared with figures 
for 2007/08. 


 The estimate of excess winter deaths 
in 2008/09 is the highest since 
1999/2000. 


 In 2008/09 there were 15,300 excess 
winter deaths in males and 21,400 
excess winter deaths in females. The 
majority of these deaths occurred 
among those aged 75 and over. 


 
Restricted to standard EWM 
method. 
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EWM from 
1950/51 to 
2008/09. 


61 Kysely J, 
Pokorna L, Kyncl 
J, Kriz B. Excess 
cardiovascular 
mortality 
associated with 
cold spells in 
the Czech 
Republic. BMC 
Public Health. 
2009; 9: 19.


61
  


To assess the 
association 
between 
cardiovascular 
mortality and 
winter cold 
spells, 
examined in 
individual age 
groups groups 
(25-59, 60-69, 
70-79 and 80+ 
years) and in 
both men and 
women 


Observational 
study of 
excess 
cardiovascular 
mortality 
using 
standardised 
Health 
statistics 
(accounting 
for 
sociodemogra
phic changes) 
and influenza 
epidemics 
removed. 


+ + Population of 
the Czech 
Republic, 
1986-2006, 
stratified 
according to 
age and 
gender 


Cold spells 
were defined 
as periods of 
days on which 
air 
temperature 
does not 
exceed -3.5 
degrees C. 
Excess 
cardiovascular 
mortality was 
determined 
after the 
influenza 
epidemics, 
long-term 
changes and 
the seasonal 
cycle in 
mortality had 
been 
removed. 


Mean relative 
excess CVD 
mortality for all 
age groups and 
both genders. 
 


Excess mortality 
was calculated as 
the difference 
between observed 
and expected daily 
values. For cases 
less than 100, 
excess mortality 
was calculated 
using the lower and 
upper limit factors 
for a Poisson-
distributed variable; 
for cases greater 
than 100, the 
normal 
approximation was 
used. 
 
Confounding 
influence of 
influenza 
epidemics, long-
term changes and 
the seasonal cycle 
in mortality 
controlled for. 


Cold spells were associated with 
relative mean excess cardiovascular 
mortality in all age groups in men 
(6.3%, 4.2-8.3) and women (6.3%, 4.4-
8.2). The relative mortality effects were 
most pronounced in middle-aged men 
(25-59 years)(13.8%, 8.4-19.1), which 
contrasts with majority of studies on 
cold-related mortality in other regions, 
potentially due to occupational 
exposure. The rate of excess mortality 
was significantly higher in men aged 
25-59, and in both men and women 
aged 70 and above (2-tailed t-test, 
p<0.001) during cold episodes. The 
estimated excess mortality during the 
severe cold spells in January 1987 
(+274 cardiovascular deaths) is 
comparable to that attributed to the 
most severe heat wave in this region in 
1994.  
 
Relative mean excess mortality (%) 
25-59yrs, M 6.3 (4.2; 8.3)  
25–59 yrs, F 6.9 (-2.5; 17.4) 
60–69 yrs, M 3.8 (-0.6; 8.3) 
60–69 yrs, F 7.5 (1.9; 13.6) 
70–79 yrs, M 6.4 (3.1; 9.9) 
70–79 yrs, F 7.5 (4.1; 10.8) 
80+ yrs, M 8.5 (5.0; 12.2) 
80+ yrs, F   7.3 (4.9; 9.7) 
 
 
 
 
 


Occupational exposure to cold not 
considered, and may contribute to 
the increased risk in young males 
not seen in other studies. 
 
Removal of mortality during 
epidemics of influenza may reduce 
the mortality rate of those in age 
brackets most susceptible to 
influenza. 
 
Income or disability was not 
considered. 
 
Study supported by the Czech 
Science Foundation 


62 Makinen TM, To examine Cohort + + A population outdoor Diagnosed RTI  Analysis of The mean average daily temperature  
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Juvonen R, 
Jokelainen J, 
Harju TH, Peitso 
A, Bloigu A, et 
al. Cold 
temperature 
and low 
humidity are 
associated with 
increased 
occurrence of 
respiratory tract 
infections. 
Respir Med. 
2009; 103(3): 
456-62.


62
  


whether the 
development 
of RTIs is 
potentiated 
by cold 
exposure and 
lowered 
humidity in a 
northern 
population. 
 


study: 892 
military 
recruits, 224 
asthmatic and 
668 non-
asthmatic 
men, from 
two intake 
groups 
enrolled in 
military 
service in July 
2004 and in 
January 2005 
in the Kajaani 
garrison in 
northern 
Finland 


temperature 
and humidity 


 
(Total of 643 RTI 
episodes were 
diagnosed during 
the follow-up 
period, 595 upper 
and 87 lower 
RTIs.) 


occurrence of RTI in 
relation to 
(preceding) 
ambient 
temperature 


preceding any RTIs was -3.7+/-10.6; for 
URTI and LRTI they were -4.1+/-10.6 
degrees C and -1.1+/-10.0 degrees C, 
respectively.  
 
Temperature was associated with 
common cold (p=0.017), pharyngitis 
(p=0.011) and LRTI (p=0.048). Absolute 
humidity was associated with URTI 
(p<0.001). A 1 degrees C decrease in 
temperature increased the estimated 
risk for URTI by 4.3% (p<0.0001), for 
common cold by 2.1% (p=0.004), for 
pharyngitis by 2.8% (p=0.019) and for 
LRTI by 2.1% (p=0.039). A decrease of 
1g/m(-3) in absolute humidity 
increased the estimated risk for URTI 
by 10.0% (p<0.001) and for pharyngitis 
by 10.8% (p=0.023). The average 
outdoor temperature decreased during 
the preceding three days of the onset 
of any RTIs, URTI, LRTI or common cold. 
The temperature for the preceding 14 
days also showed a linear decrease for 
any RTI, URTI or common cold. 
Absolute humidity decreased linearly 
during the preceding three days before 
the onset of common cold, and during 
the preceding 14 days for all RTIs, 
common cold and LRTI. 
 
Authors’ conclusions: cold temperature 
and low humidity were associated with 
increased occurrence of RTIs, and a 
decrease in temperature and humidity 
preceded the onset of the infections. 


Author noted limitations: Potential 
confounding by crowding and 
annually occurring respiratory 
infection epidemics.  
 
 The military environment is 
optimal for examining the 
association between cold 
temperatures and  RTIs because 
conscripts are exposed to cold 
frequently and for prolonged 
periods. In Finland where military 
service is mandatory they 
represent a normal population of 
young men, and the effects of 
indoor crowding are similar to 
those observed in schools in 
winter.  


63 Tenias JM, 
Estarlich M, 
Fuentes-
Leonarte V, 


To examine 
the short-
term 
relationship 


Case-
crossover 


+  + Hip fracture 
cases 
admitted to 
two reference 


Meteorologica
l variables  


 temperature 


 relative 


Hip fracture: 
-cervical 
-pertrochanteric 


Case-crossover  
analyses to study 
the relationship 
between the 


In the case-crossover analysis, the 
frequency of periods of calm 
wind on the day prior to the event was 
the only variable associated in a 


Author noted limitations 
Due in part to its retrospective 
nature and the use of 
administrative data, the study 
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Iniguez C, 
Ballester F. 
Short-term 
relationship 
between 
meteorological 
variables and 
hip fractures: an 
analysis carried 
out in a health 
area of the 
Autonomous 
Region of 
Valencia, Spain 
(1996-2005). 
Bone 2009; 
45(4): 794-8.


63
  


between 
meteorologic
al conditions 
and the 
incidence of 
hip fracture 
HF in people 
>=45 years in 
a 
Mediterranea
n climate 
zone 


hospitals, 
Valencia, 
Spain 
(n=2121, 
75.3% 
women) 


humidity 


 rain 


 wind 


 other 
 


(obtained 
from a 
centrally 
located 
weather 
station) 
 


incidence of a hip 
fracture and the 
meteorological 
conditions, both on 
the same day and 
on the day previous 
to the patient's 
admission 
 
Subgroups by age 
(older or younger 
than 75 years of 
age), sex and type 
of fracture (cervical 
or pertrochanteric). 
 
 


significant fashion to the incidence of 
hip fractures.  
 
------- 
Frequency of periods of calm wind 
Symmetric 
Delay 0       1.0002 (0.999–1.002)  
Delay 1       0.998 (0.997–0.999) 
 
Semi metric 
Delay 0        0.999 (0.998–1.001) 
Delay 1        0.998 (0.996–0.999) 
 
Results expressed as Odds Ratio ( 
Confidence Interval: 95%). 
Wind (OR by increase in tenths of an hour of 
periods of calm wind). 


------- 
Using this variable, the authors were 
able to classify the days from calmest 
to windiest. The analysis by quartiles 
showed a dose–response relationship 
in which the risk increased with greater 
frequency of wind, with similar results 
for both the symmetric and semi-
metric methods 
 
Greater occurrence of cases in the 
autumn and winter months. 
 
 Windiest days (quartile 4) were 
associated with an increased risk of HF 
(OR 1.32 (1.10, 1.58)) vs quartile 1, 
especially in patients under 75: OR 1.53 
(1.02, 2.29). 
 
The remaining meteorological variables 
were not associated with the incidence 
of HFs. 
 
The results were comparable across 
different subgroups classified by age, 


should be viewed as a hypothesis 
generating study. 
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sex, and type of fracture. 
 
The incidence of HFs varies seasonally 
and presents a significant association 
with the coldest times of the year. 


64 Yang TC, Wu PC, 
Chen VYJ, Su HJ. 
Cold surge: a 
sudden and 
spatially varying 
threat to 
health? Sci Total 
Environ. 2009; 
407(10): 3421-
4.


64
  


To analyse 
spatial 
variation in 
before-after 
changes in 
cardiovascular 
mortality in 
relation to 
four identified 
‘cold surges’.  
Specifically: 1) 
whether cold 
surges impose 
an immediate, 
adverse effect 
on CVD 
mortality; 2) 
whether 
people living 
in temperate 
zones have a 
higher 
tolerance of 
extreme 
temperature 
drop. 


Spatial 
analysis  


- - Population in 
townships of 
Taiwan in 
relation to 
four ‘cold 
surges’, 2000-
2003 


‘Cold surges’ 
defined 
(Taiwan 
Central 
Weather 
Bureau) as: 
(1) surface 
temperature 
drop within 
24 hours > 
 8 deg C, or 
(2) lowest 
temperature 
in the Taipei 
metropolitan 
area <10 deg 
C. 
 
Effect 
modifiers 
Region (north, 
middle, south, 
east) 
 
Confounders 
not treated. 


Cardiovascular 
mortality 


Paired-samples' t-
test to 
investigate whether 
the CVD mortality 
rates are 
significantly 
different before 
and after the cold 
surge.  
ANOVA tests used 
to compare mean 
mortality ratios 
between regions. 
 
 


Results of before-after ratio in 
cardiovascular mortality in relation to 
cold surges, by geographical region of 
Taiwan 
 
Mean CVD  (Min, Max, S.D.) 
mortality ratio 
 
North Taiwan  1.083(1.033 1.107 
0.018) 
(N=95) 
Middle Taiwan 1.173 (1.003 1.263 
0.056) 
(N=108) 
South Taiwan  1.136 (1.047 1.363 
0.059) 
(N=107) 
East Taiwan  0.991 (0.783 1.248 
0.129) 
(N=39) 
 
Cardiovascular disease mortality rates 
increased significantly after cold 
surges, and varied spatially, with 
‘greater tolerance’ to cold surges in 
regions (e.g. eastern) with more 
‘severe winter temperatures’. 


Author noted limitations 
- Ecological analysis, therefore 
ecological bias; 
-Exploratory study 
 
Reviewer comments 
Simple analysis, no analysis of 
potential specific determinants 
(modifiers)  of risk, e.g. population 
characteristics. 
 
See Chen et al 2010 above. 


Continued…  
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Appendix 5 table continued: 2008 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2008           
65 Analitis, A, 


Katsouyanni K, 
et al. "Effects of 
cold weather on 
mortality: 
results from 15 
European cities 
within the 
PHEWE 
project." Am J 
Epidemiol 2008;  
168(12): 1397-
1408.


65
  


To assess the 
effects of 
temperature 
on (cold 
season) 
cause- and 
age-specific 
daily mortality 
in 15 
European 
cities. 


Cross-
sectional, 
time series, 
and spatial 
study. 


++ +/++ Population in 
15 European 
cities during 
the cold 
season 
(October-
March) 
between the 
years 1990-
2000 inclusive 


Minimum 
apparent 
temperature 
from 
meteorologic
al stations 
(ecological 
classifier), 
defined as 
minimum 
daily value of 
3-hour 
apparent 
temperature 
values, which 
were adjusted 
for wind 
speed and 
barometric 
pressure. 
 
Effect 
modifiers 
Age, weather 
variables)  
 
Confounders 
Air pollution 
index, 
temporal 
correlation, 
holidays, day 
of the week, 
calendar 
month, long-
term trends, 


Daily mortality 
All-cause 
Cause-specific: 
Cardiovasc. 
Resp. 
Cerebrovasc. 


The Poisson 
distribution was 
used to model each 
outcome for each 
age group at the 
city-level and for all 
cities pooled 
together.  


RR for a 1 deg C decrease in temp 
 
All (natural) deaths: 1.35% (1.16, 1.53)  
Cardiovascular: 1.72% (1.44, 2.01) 
Respiratory: 3.30% (2.61, 3.99) 
Cerebrovascular: 1.25% (0.77, 1.73)  
 
The increase was greater for the older 
age groups.  
 
Cold effect greater in warmer 
(southern) cities. 
 
Persisted up to 23 days, with no 
evidence of mortality displacement. 


Authors mention possible future 
separation of ‘apparent 
temperature’ into air temperature 
and humidity. 
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influenza 
epidemics. 


66 Barnes M, Butt 
S, Tomaszewski 
W. The 
dynamics of bad 
housing: the 
impact of bad 
housing on the 
living standards 
of children. 
London: 
National Centre 
for Social 
Research, EAGA 
partnership, 
Shelter, 2008.


66
  


To  examine 
the 
relationship 
between poor 
housing and 
outcome in 
children 


Longitudinal 
panel study 


+ + Longitudinal 
annual follow-
up of a 
sample of 
English 
children 
(n=6431 
followed up 
annually), 
2001 and 2005, 
using caregiver 
interviews for 
under 11-year 
olds, and self-
completed 
questionnaires 
for adolescents 


Overcrowded 
accommodati
on, 
accommodati
on in a poor 
state of repair 
and 
inadequately-
heated 
accommodati
on 


Multiple 
outcomes 
including:  
Illness/illness 
behaviours, 
economic well-
being 
 
Specific outcomes 
include:  
 
-- asthma or 
bronchitis 
symptoms 
 
-- multiple 
negative 
outcomes  


Descriptive analyses 
and multivariable 
logistic regression 


Percentage of children with problems 
with chest, breathing, asthma or 
bronchitis, according to the number of 
years they have lived in an 
inadequately hearted home 
3-5 years  15% 
1-2 years  11% 
0  7% 
 
‘Mental well-being’ 
Percentage of children that have four 
or more negative “Every Child 
Matters”*(ECM) outcomes, according 
to the number of years they have lived 
in an inadequately heated home 
3-5 years  28% 
1-2 years  9% 
0  4% 
 
Base: Secondary school age children in 
Britain in 2005 
 
Association is statistically significant for 
4+ ECM outcomes (odds ratio 1.89, CI 
not quoted) but NOT for respiratory  
symptoms. 
 
*The ten outcomes are i) A long-
standing illness or disability, ii) to go 
without regular physical exercise, iii) in 
trouble for smoking, drinking or taking 
drugs, iv) bullied in or out of school, v) 
expelled or suspended from school, vi) 
does not see friends and does not 
attend organised activities, vii) has 
been in trouble with the police, viii) 
below average in key academic 
subjects, ix) family cannot afford an 


A number of explanatory variables 
were considered to examine the 
relationship of children living in 
'bad housing'.  Some confounding 
variables such as tenure, poverty 
and inadequate housing need to be 
controlled for further. 
Limitations relate to potential 
response bias and follow-up bias.  
The outcome measures are derived 
from secondary classifications (i.e. 
inadequate heating and fuel poor).  
Associations are found for 
numerous poor housing factors and 
responses of bad health and 
negative child outcome. 
Generalisable to England. 
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annual holiday, and, x) family in income 
poverty.  


67 Brock A. Excess 
winter mortality 
in England and 
Wales, 2007/08 
(provisional) 
and 2006/07 
(final). Health 
stat. 2008; (40): 
66-76.


67
  


 
(See also later 
annual ONS 
reports) 


To report 
excess winter 
mortality 
(EWM) for the 
winter period 
2007/08, and 
final figures 
for the winter 
period 
2006/07 for 
deaths 
occurring in 
England and 
Wales, as well 
as historical 
trends 
in EWM from 
1950/51 
to 2007/08. 


Observational 
study: 
seasonal 
analysis of 
routine 
mortality data 


+ + England and 
Wales 


Seasonal 
analysis 
(EWD) 


Mortality Figures by sex and 
age for the 
Government Office 
Regions 
of England, and 
Wales are 
presented for the 
five-year period 
2003/04 to 
2007/08, and by 
cause of death from 
2004/05 to 2006/07 


In the four months of winter 2007/08 
there were an estimated 25,300 
more deaths in England and Wales 
than in the non-winter period. This 
was more than in the previous winter, 
and similar to the winter of 
2005/06, but not as many as in the 
winter of 2004/05. There were just 
over 1,500 more excess winter deaths 
in 2007/08 than in 2006/07, an 
increase of 7 per cent. 


Restricted to standard EWM 
method. 


68 Jimenez-Conde 
J, Ois A, Gomis 
M, Rodriguez-
Campello A, 
Cuadrado-Godia 
E, Subirana I, et 
al. Weather as a 
trigger of 
stroke. Daily 
meteorological 
factors and 
incidence of 
stroke subtypes. 
Cerebrovasc 
Dis. 2008; 26(4): 
348-54.


68
  


To investigate 
relationship 
between daily 
meteorologic
al conditions 
and daily as 
well as 
seasonal 
stroke 
incidence 


Time series + + 1,286 
consecutive 
strokes from 
the referral  
area of the 
Hospital del 
Mar, 
Barcelona, 
2001-2003 


Daily 
meteorologic
al data from 
local 
monitoring 
station: - 
atmospheric 
pressure (AP) 
relative 
humidity (RH) 
- maximum, 
minimum, 
and mean 
temperatures 
- the variation 
of all these 
measures 
compared 
with the 


Intra-cerebral 
haemorrhage 
(ICH) (n = 243)  
or ischaemic 
stroke (IS) (n = 
1,043) 
IS was further  
divided into non-
lacunar stroke 
(NLS) (n = 732) 
and lacunar 
stroke (LS) (n = 
311) 


Time series analysis The daily incidences of NLS and ICH 
were higher in autumn and in winter, 
but depended strongly on the daily 
variations of AP  
 
Total stroke (TS) incidence showed 
little association with AP but was 
higher with the AP variations (CC: 
0.127; p < 0.001).  
 
NLS were related to AP falls (OR: 2.41; 
p < 0.001) whilst ICHs were associated 
with AP rises (OR: 2.07; p = 0.01).  
 
NLS inversely related to temperature 
but not significant after adjusting for 
AP variations.  
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previous day. 
69 Jordan RE, 


Hawker JI, Ayres 
JG, Adab P, 
Tunnicliffe W, 
Olowokure B, et 
al. Effect of 
social factors on 
winter hospital 
admission for 
respiratory 
disease: a case-
control study of 
older people in 
the UK. Br J Gen 
Pract. 2008; 
58(551): 400-
2.


69
  


To establish 
the most 
important 
(especially 
social) factors 
associated 
with winter 
hospital 
admissions 
among older 
people 
presenting 
with acute 
respiratory 
disease 


case-control 
study 


++ ++ Seventy-nine 
general 
practices in 
central 
England. 


Of a cohort of 
patients 
consulting 
medical 
services with 
lower 
respiratory 
tract infection 
or 
exacerbation 
of chronic 
respiratory 
disease, 157 
hospitalised 
cases were 
compared to 
639 controls. 
Social, 
medical, and 
other factors 
were 
examined by 
interview and 
GP records 


Winter hospital 
admission with 
acute respiratory 
disease (excluding 
upper respiratory 
tract infection 
only) 


Conditional logistic 
regression 
 
Confounder 
control: 
multivariable 
models including 
age, chronic 
conditions, smoking 
status, 
hospitalizations in 
previous year, 
functional score, 
ethnicity, rural-
urban index, oral 
steroids, regular 
contact with 
family/friends   


Risk factors (ORs) 
Social isolation: 4.5 (1.3, 15.8)  
COPD  4.0 (1.4, 11.4) 
Other chronic dis 2.9 (1.2, 7.0) 
Both  6.7 (2.4, 18.4) 
Being housebound  2.2 (1.0, 4.8) 
 
Measures of material deprivation were 
not significant risk factors for 
admission at either individual or area 
level. 
 
Authors note: “Socioeconomic factors 
had little relative effect compared with 
medical and functional factors. The 
most important was the presence of 
long-term medical conditions 
(especially COPD), being housebound, 
and having received two or more 
courses of oral steroid treatment in the 
previous year. This combination of 
factors could be used by primary 
medical services to identify older 
patients most vulnerable to winter 
admissions.” 


 
 
Author acknowledged limitations: 
The study had a low uptake, partly 
because nearly one-third of the 
hospitalised patients died within 
three months of being admitted 
and therefore could not take part 
in the questionnaire. This resulted 
in reduced power for many 
outcome measures. Insufficient 
power to test effect of indoor 
temperature.  


70 Osman LM, 
Ayres JG, 
Garden C, 
Reglitz K, Lyon J, 
Douglas JG. 
Home warmth 
and health 
status of COPD 
patients. Eur J 
Public Health. 
2008; 18(4): 
399-405.


70
  


To determine 
if the health 
status of 
patients with 
Chronic 
Obstructive 
Pulmonary 
Disease 
(COPD) is 
associated 
with 
maintaining  
recommend 
domestic 


Cross-
sectional 
observational 
study. 


+ + Study of 148 
COPD patients 
(67 M, mean 
age 69 (SD 
8.5)), living in 
their own 
homes 
 
 


Living room 
(LR) and 
bedroom (BR) 
temperatures 
were 
measured at 
30 min 
intervals over 
1 week using 
electronic 
dataloggers. 
 
(Outdoor 
temperatures 


Health status was 
measured using 
the St George's 
Respiratory 
Questionnaire 
(SGRQ) and 
EuroQol: EQ VAS 
  


Descriptive 
statistics were 
collated for 
temperature 
monitoring results. 
Parametric and 
non- parametric 
statistics were used. 
Unadjusted 
associations 
between 
demographic, 
clinical and 
temperature 


Independent of age, lung function, 
smoking and outdoor temperatures, 
poorer respiratory health status was 
significantly associated (P = 0.01) with 
fewer days with 9 h of warmth at 21 
degrees C in the LR.  
 
A sub analysis showed that patients 
who smoked experienced more health 
effects than non-smokers (P < 0.01). 
 
 
Conclusion: maintaining the warmth 
guideline of 21 degrees C in living areas 


Confounders of underlying dwelling 
efficiency to maintain 9h/21C not 
controlled for, bias of hospital 
admitted cases noted, exposure to 
outdoor cold not accounted for, 
arbitrary selection of 
'recommended' 9h/21C 
temperature not 'experienced' or 
'comfort' temperature. 
 
The findings are of limited 
generalisability to non hospital 
admitted COPD patients 
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indoor 
temperatures 
of 21 deg C 
for at least 9 h 
per day in 
living areas 
  


were 
provided by 
Met Office.) 


measures were 
calculated for SGRQ 
symptom, activity 
limitation and 
disease impact 
scores and EQ VAS 
scores. The 
demographic and 
clinical variables in 
analyses included: 
age, validated 
smoking status, 
marital status, 
Carstairs 
deprivation score, 
number of prior 
admissions for 
COPD and 
percentage of 
predicted FEV1 and 
FVC. As FEV1 and 
FVC were highly 
correlated (r = 0.61, 
P < 0.001) only 
predicted FEV1 was 
used. Variables with 
P-values of at least 
0.10 in the 
unadjusted analyses 
were entered into 
an ordinary least 
squared 
multivariate 
regression analysis. 
Using Bonferroni 
correction for 
multiple testing of 
intercorrelated 
outcomes a P-value 
of <0.01 was 


for at least 9 h per day was associated 
with better health status for COPD 
patients. Patients who were continuing 
smokers were more vulnerable to 
reduction in warmth. 
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required for 
significance. 
Data were analysed 
separately for 
continuing smokers 
and for non-
smokers. 


71 Rocklov J, 
Forsberg B. The 
effect of 
temperature on 
mortality in 
Stockholm 
1998--2003: a 
study of lag 
structures and 
heatwave 
effects. Scand J 
Public Health. 
2008; 36(5): 
516-23.


71
  


To describe 
seasonal 
patterns of 
natural 
mortality and  
temperature-
mortality 
relationship 
for high and 
low 
temperatures  


Time series ++ ++ Population of 
Stockholm, 
Sweden, 
1998-2003 


Temperature 
derived from 
local 
meteorologic
al monitoring 
stations for 
Stockholm 


Mortality, by 
cause 
 
Modifiers 
Age 
Cause: 
cardiovascular, 
respiratory  
 


Generalized 
additive Poisson 
regression models 
 
Confounding 
control 
influenza, season, 
time trends, week 
day, and holidays 


Optimal (+minimum mortality) 
temperature' was around 11-12 deg C.  
Below this temperature the cumulative 
RR corresponded to a 0.7% (95% 
CI=0.5-0.9) decrease per degrees C.  
 
Age 
<65 years  0.5% (not 
significant)  
65-74 years 1.5% (not 
significant) 
>74 years  1.6% (0.9, 2.3)  
 
Cause 
Cardiovascular 1.1% (95% CI=0.3-
2.0) 
Respiratory 4.3% (95% CI=2.2-
6.5) 
 
Lag structures from moving averages 
and polynomial distributed lag models 
suggested a prolonged effect during 
winter, covering about a week. 


Reviewer comment 
 
Although not fully clear, the age- 
and cause-specific results 
presented seem to be heat effects.  
No equivalent results are provided 
for cold risk 


Continued…  







182 


 


Appendix 5 table continued: 2007 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2007           
72 Bischoff-Ferrari 


HA, Orav JE, 
Barrett JA, 
Baron JA. Effect 
of seasonality 
and weather on 
fracture risk in 
individuals 65 
years and older. 
Osteoporosis 
international 
2007; 18(9): 
1225-33.


72
  


To investigate 
seasonal 
variation in 
the incidence 
of four 
common 
fractures, and 
explore the 
association of 
weather with 
risk 


Population-
based 
observational 
study 
(analysis of 
Medicare 
data): semi-
ecological 
comparisons 


++ ++ Individuals >= 
65 years from 
5% sample of 
the US 
Medicare 
population, 
residing in 50 
US states 1 
July 1986 to 
30 June 1990 
 
Cases with 
evidence of 
bone cancer 
of prior 
fracture were 
excluded. 


 Season 
(winter was 
DJF, summer 
JJA etc) 


 Weather 
(monthly 
data): 
- snowfall 
- sunny days 
- mean daily 
temperature 
(data from 
US National 
Oceanic and 
Atmospheric 
Administratio
n) 
 
 


 Fractures: 
- hip 
- distal forearm 
- proximal 
humerus 
- ankle. 


Descriptive 
statistics and rate 
comparisons 
 
Poisson regression 
to study 
associations of 
season and weather 
variables with 
fracture risk with 
95% confidence 
intervals. 
 
Fractures also 
evaluated in 
subgroups of 
populations. 


For all fractures, rates were highest in 
winter and lowest in summer (p < 0.05 
at all sites). The winter/summer elative 
risk for was significant for hip fractures 
(1.08, 1.05-1.12), distal forearm (1.19, 
1.14-1.24), proximal humerus 
(1.20,1.14-1.27), and ankles (1.22, 
1.15-1.29). 
 
Winter 
Higher winter temperatures were 
inversely related to risk for the distal 
forearm fractures (RR per 10 degrees 
Fahrenheit = 0.95, 0.92-0.99) and ankle 
fractures (0.87, 0.83-0.92). Winter 
peaks were more pronounced in warm 
climate states, in men, and in those 
younger than 80 years old. Total 
snowfall was associated with a reduced 
relative risk of hip fracture (0.95 (0.91-
0.99) per 20 inches) but an increased 
risk of non-hip fractures (6-12%; p < 
0.05 at all sites).  
 
Summer 
Hip fracture risk tended to be lower 
during sunny weather (- 3% per 2 
weeks of sunny days; p = 0.13), while 
other fractures were increased (15%-
20%; p < 0.05) in sunny weather. 
 
Significant differences in the winter-
summer relative risk for hip and distal 
forearm fractures were seen between 
genders, and in distal forearm and 
proximal humerus according to age 


Case definitions depended on the 
validity of Medicare claims data. 
 Misclassification of exposure data 
may have occurred when 
generalising weather from non-
local weather stations. The 
majority of cases were white and 
female. 
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bracket. 
 
Fractures contribute considerably to 
winter morbidity in older individuals. 
Younger age between 65 and 80, living 
in warmer states and male gender are 
risk factors for increased winter 
morbidity due to fractures. Weather 
affects hip fracture risk differently than 
the other fractures studied. 


73 Davie GS, Baker 
MG, Hales S, 
Carlin JB. 
Trends and 
determinants of 
excess winter 
mortality in 
New Zealand: 
1980 to 2000. 
BMC Public 
Health. 2007; 7: 
263.


73
  


To investigate 
the role of 
gender, 
region and 
deprivation 
on the 
magnitude of 
excess winter 
mortality 
(EWM) in 
New Zealand 
(NZ) 
countries.  
Also of 
interest was 
identifying 
causes of 
death with 
high 
EWM. 


Cross-
sectional 
seasonal 
analysis 


+ + New Zealand, 
between 1


st
 


January 1980 
until 31


st
 


January 2001 
inclusive 


Seasonal 
definition: 
winter (June-
September) vs 
warmer 
months 
(October-
May). 
 
Effect 
modifiers 
Age, gender, 
ethnicity, 
geographical 
region, 
material/socia
l deprivation 
 
Confounders 
not treated. 


Cause-specific 
monthly mortality 
rates per 100,000 
population 
calculated from 
routinely 
collected national 
mortality data by 
the New Zealand 
Health 
Information 
Service, Ministry 
of Health 


Generalised 
negative binomial 
regression (selected 
through goodness-
of-fit tests) were 
used to model all-
cause and cause-
specific mortality 
rates between 
winter (June-
September) and the 
warmer 
months (October–
May). 
 
No tests used for 
comparisons 
between winter and 
non-winter. 


Age 
Young and the elderly particularly 
vulnerable 
 
Sex (adjusted for all major covariates) 
M  1 
F  1.09 
 
Cause (adjusted for all major 
covariates) 
       % of all EWDs  
Circulatory system  47%  
Respiratory system  31% 
 
No evidence that EWM differed by 
ethnicity, region or local-area based 
deprivation level.  
 
Author note: “EWM in NZ is substantial 
and at the upper end of the range 
observed internationally. …the 
surprising lack of variation in EWM by 
ethnicity, region and deprivation, 
provides little guidance for how such 
mortality can be reduced.” 


Authors note that the work would 
benefit from a time-series and 
exploration of the role of climate, 
influenza, behaviour, crowding in 
winter, levels of home heating & 
thermal performance of 
houses. 


74 Hajat S, Kovats 
RS, Lachowycz 
K. Heat-related 
and cold-
related deaths 


To determine 
the subgroups 
of the 
population 
that are most 


Ecological 
time-series 
. 


++ ++ All regions of 
England and 
Wales, 1993 
and 2003 
 


Maximum, 
minimum and 
mean 
temperature 
based on: (i) 


Mortality 
 
 


Poisson generalised 
linear models 
allowing 
for over-dispersion 
 


For all regions combined, a mean 
relative risk of 1.06 (1.05, 1.06)  per 
deg C decrease below the cold 
threshold (set at the 5th centile). Cold 
effects were strongest in the East 
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in England and 
Wales: who is at 
risk? Occup 
Environ Med. 
2007; 64(2): 93-
100.


74
  


vulnerable to 
heat- and 
cold-related 
mortality 


Central 
England 
temperature 
plus (ii) one  
monitoring 
station per 
region for 
regional 
analyses 
 
Modifiers 
- classified 
from 
postcode 
linkage of 
individual 
death records  
to a UK 
database of 
all care and 
nursing 
homes, and 
2001 UK 
census small-
area 
indicators 
 


Control of 
confounding 
cubic smoothing 
splines of date 
 


England region.  
 
Elderly people, particularly those in 
nursing and care homes, were most 
vulnerable. 
 
Vulnerability to either heat or cold was 
not modified by area-based measures 
of deprivation, except in rural 
populations where cold effects were 
slightly stronger in more deprived 
areas. 
 
 


75 Medina-Ramon 
M, Schwartz J. 
Temperature, 
temperature 
extremes, and 
mortality: a 
study of 
acclimatisation 
and effect 
modification in 
50 US cities. 
Occup Environ 
Med. 2007; 


To examine 
the increase 
in mortality 
associated 
with hot and 
cold 
temperature 
in different 
locations, the 
determinants 
of the 
variability in 
effect 


Case-
crossover & 
meta-analysis 


++ ++ Daily 
mortality data 
for 6,513,330 
deaths in 50 
US cities, 
1989-2000 


Exposure was 
assessed 
using two 
approaches: 
(i) exposure 
to extreme 
temperatures 
using city-
specific 
indicator 
variables 
based on the 
local 


All-cause 
mortality; 
Myocardial 
infarction 
mortality; 
Cardiac arrest 
mortality 


The effect of hot 
and cold 
temperature was 
examined in 
season-specific 
models.  
 
Meta-analysis city-
specific results, to 
examine several city 
characteristics as 
effect modifiers: 
- mean of cold 


Percent change in total and cause-
specific mortality associated with (cold) 
temperature. Results from the meta-
analysis of 42 US cities, 1989–2000 
 
Cold exposure 
Sequential results as follows 
Lag 0    
Lag 1   Extreme temp*  
Lag 2-day    
Lag 0    
Lag 1  Piecewise linear 
Lag 2-day    
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64(12): 827-
33.


75
  


estimates, 
and its 
implications 
for adaptation 


temperature 
distribution; 
(ii) piecewise 
linear 
variables to 
assess 
exposure to 
temperature 
on a 
continuous 
scale 
above/below 
a threshold. 


months’ temp (deg 
C) 
- variance of cold 
months temp (deg 
C) 
- central heating (%) 
- population density 
(pop/km


-2
) 


 
 
 
Confounder 
control:  fixed 
stratum case-
crossover 


 
Total mortality  
Extreme 
0.03 (21.09 to 1.16) 
1.79 (0.87 to 2.72) 
1.59 (0.56 to 2.63)  
Piecewise 
-0.19 (-0.22 to -0.15) 
 0.23 (0.18 to 0.27) 
 0.04 (0.01 to 0.08) 
Myocardial infarction  
Extreme 
2.43 (20.79 to 5.75) 
1.51 (21.56 to 4.67)  
3.90 (0.18 to 7.76) 
Piecewise 
0.00 (20.11 to 0.11) 
0.25 (0.14 to 0.36) 
0.26 (0.15 to 0.36) 
Cardiac arrest 
Extreme 
7.29 (21.92 to 17.4) 
11.9 (2.32 to 22.4) 
16.2 (5.12 to 28.4) 
Piecewise 
-0.25 (-0.61 to 0.12) 
0.62 (0.25 to 1.00) 
0.39 (0.07 to 0.71) 
 
* Per cent change in mortality on extreme 


temperature days relative to all other days 
† Per cent change in mortality per each degree of 


maximum daily temperature below 17 deg C 


 
Modification by city characteristics of 
the two-day cumulative effect of 
extreme cold on mortality. Comparison 
of the 
predicted change in mortality at the 
25th and 75th percentile of the effect 
modifier distribution. 
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Sequential results as follows 
Mean of cold months’ temp (deg C) 
Variance of cold months temp (deg C) 
Central heating (%) 
Population density (pop/km


-2
) 


 
Change in total mortality at the: 
25th percentile  
1.31 (0.04 to 2.60) 
1.88 (0.75 to 3.03) 
1.79 (0.28 to 3.32) 
1.87 (0.50 to 3.26) 
75th percentile 
1.81 (0.62 to 3.02) 
1.13 (20.14 to 2.41) 
1.22 (20.11 to 2.57) 
1.70 (0.60 to 2.82) 
Change in MI mortality at the: 
25th percentile 
3.10 (21.36 to 7.77) 
4.65 (0.27 to 9.22) 
4.38 (21.61 to 10.7) 
4.66 (20.43 to 10.0) 
75th percentile 
4.71 (0.17 to 9.46) 
3.13 (21.42 to 7.89) 
3.92 (21.05 to 9.14) 
4.26 (0.17 to 8.51) 
Change in CA mortality at the: 
25th percentile  
11.9 (21.65 to 27.4) 
18.00 (4.71 to 32.9) 
18.0 (2.28 to 36.2) 
17.8 (3.96 to 33.5) 
75th percentile 
19.0 (6.29 to 33.3) 
14.00 (0.19 to 29.7) 
14.2 (0.90 to 29.2) 
16.7 (5.29 to 29.3) 
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Mortality increases associated with 
extreme cold (2-day cumulative 
increase 1.59% (0.56, 2.63)) , the 
former being especially marked for 
myocardial infarction and cardiac 
arrest deaths. 
 
The effect of extreme cold (defined as 
a percentile) was homogeneous across 
cities with different climates, 
suggesting that only the unusualness of 
the cold temperature (and not its 
absolute 
value) had a substantial impact on 
mortality (that is, acclimatisation to 
cold). 


76 Morris C. Fuel 
poverty, climate 
and mortality in 
Northern 
Ireland 1980-
2006 (NISRA 
Occasional 
Paper 25): 
Statistics and 
Research 
Branch, 
Department for 
Social 
Development, 
Ormeau Road, 
Belfast BT7 2JA; 
2007.


76
  


To examine 
temperature 
and changes 
in mortality 
rates in 
Northern 
Ireland, 
focusing on 
circulatory 
and 
respiratory 
deaths.  


Observational 
study 


+ ++ Northern 
Ireland, 1980-
2006 


Ambient 
temperature. 
 
Housing as an 
effect 
modifier 


Mortality from 
circulatory and 
respiratory 
diseases 


Descriptive analyses 
of relationship 
between housing 
conditions, cause of 
death and 
temperature 


During the period 1980-2006, deaths 
from circulatory and respiratory causes 
have declined by about 30%. In terms 
of death rates, there is some variability 
by age and cause in the decline, but all 
groups show a decline. Little decline in 
respiratory death rates for those 65 
and over. 
It was possible to construct a robust 
model to explain the variation in death 
rates. Temperature shortfall was the 
most common significant explanatory 
variable, but there was evidence to 
suggest that seasonality and economic 
factors, as well as the underlying 
general improvement, also had an 
impact. 
The relationships broadly hold up for 
shorter time periods. 
From 1980-1999, the proportion of 
deaths that could be linked to 
temperature shortfall was 16-21%, 
dependent on age group, falling to 5-


 
The authors conclude that thedre is 
a considerable improvement in 
cold-related mortality , may be 
linked to measures  addressing fuel 
poverty though this is not 
investigated 
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12% in the period 2000-2006. 


those aged 65 or over was affected by 
temperature shortfall in each of the 
successive five year periods from 1980-
2004. The impact of one degree of 
shortfall in the 1980s, however, was 
about three times as great as in the 
period 2000-2004, and even in the 
1990’s, the impact was more than 
double. Strong relationship found 
between type of central heating and 
cause of death (see Table 13) 


77 Myint PK, 
Vowler SL, 
Woodhouse PR, 
Redmayne O, 
Fulcher RA. 
Winter excess in 
hospital 
admissions, in-
patient 
mortality and 
length of acute 
hospital stay in 
stroke: a 
hospital 
database study 
over six 
seasonal years 
in Norfolk, UK. 
Neuroepidemiol
ogy. 2007; 
28(2): 79-85.


77
  


To examine 
the 
hypothesis 
that age, sex 
and type of 
stroke are 
major 
determinants 
of the 
presence or 
absence of 
winter excess 
in morbidity 
and mortality 
associated 
with stroke. 
 


Register-
based 
observational 
study 


+ ++ Hospital-
based stroke 
register from 
Norfolk, UK  
(n=5,481 
patients, 
men=45%, 
age range 17 
to 105 years, 
median=78 
years). 


Seasonal 
definition of 
excess winter 
death 
(Curwen) 


Mortality Calculation of 
winter excess for 
the number of 
admissions, in-
patient deaths and 
length of acute 
hospital stay -- sex-
specific analyses by 
(1) seasonal year 
and (2) quartiles of 
patients' age and 
stroke subtype. 
 


There appeared to be winter excess in 
hospital admissions, deaths and length 
of acute hospital stay overall 
accounting for 3/100,000 extra 
admissions (winter excess index of 
3.4% in men and 7.6% in women) and 
1/100,000 deaths (winter excess index 
of 4.7 and 8.6% in women) due to 
stroke in winter compared to non-
winter periods. Older patients with 
non-haemorrhagic stroke mainly 
contribute to this excess.  
 
If our findings are replicated 
throughout England and Wales, it is 
estimated that there are 1,700 excess 
admissions, 600 excess in-patient 
deaths and 24,500 extra acute hospital 
bed days each winter, related to stroke 
within the current population of 
approximately 60 million. 


 
Potential confounders related to 
environment factors not directly 
accounted for.  Exposed 
temperature, smoking, influenza 
risks were not accounted for and 
winter period is abritrary and not 
based on temperatures.  Winter 
excess controlled for age and sex 
but no estimates of associaiton 
provided. 


Continued…  
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Appendix 5 table continued: 2006 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2006           
78 Carson C, Hajat 


S, Armstrong B, 
Wilkinson P. 
Declining 
vulnerability to 
temperature-
related 
mortality in 
London over 
the 20th 
century. Am J 
Epidemiol. 
2006; 164(1): 
77-84.


78
  


To examine 
the degree to 
which 
population 
vulnerability 
to outdoor 
temperature 
changed over 
the 20


th
 


century, as an 
indication of 
the possible 
effect of 
improvement 
in 
infrastructure, 
technology, 
and general 
health. 


Time series 
study (weekly 
data) 


+ ++ London, UK 
during four 
periods of the 
20


th
 century: 


1900-1910, 
1927-1937, 
1954-1964, 
and 1986-
1996 
 
 


Seasonal 
definition 
(winter 
(DJFM) to 
non-winter 
(AMJJASON) 
ratio) and use 
of  
temperature 
data for 
London 
(meteorologic
al monitoring 
stations) for 
cold-mortality 
relationship  
 
Confounding 
Time-series 
for 
temperature-
mortality 
relationship 
adjusted for 
season but 
not influenza 


All cause, CVD 
and respiratory 
mortality  


(for temperature) 
Autoregressive 
Poisson models  
 


The ratio of winter deaths to nonwinter 
deaths  
1900-1910 1.24 (1.16, 1.34) 
1927-1937 1.54 (1.42, 1.68) 
1954-1964 1.48 (1.35, 1.64) 
1986-1996  1.22 (1.13, 1.31)  
 
Temperature-mortality gradient for 
cold deaths (the increase in mortality 
per 1 degree C drop below 15 degrees 
C) 
 
1900-1910 2.52% (2.00, 3.03) 
1927-1937 2.34% (1.72, 2.96) 
1954-1964 1.64% (1.10, 2.19) 
1986-1996 1.17% ( 0.88, 1.45) 
 
Corresponding population attributable 
fractions were 12.5%, 11.2%, 8.7%, and 
5.4%. 
 
Reductions in cold risk were most 
pronounced for CVD mortality. 
 
Authors note that “there was a 
progressive reduction in temperature-
related deaths over the 20th century, 
despite an aging population. This trend 
is likely to reflect improvements in 
social, environmental, behavioural, and 
health-care factors…” 


 


79 Diaz J, Linares C, 
Tobias A. 
Impact of 
extreme 
temperatures 


To analyse the 
relationship 
between 
extreme 
temperatures 


Time series 
study of one 
age group 


++ + Madrid, 
Spain, January 
1986 to 
December 
1997. 


Meteorologic
al variables 
from Madrid-
Retiro 
Observatory 


Cause-specific 
daily mortality as 
provided by  
the Madrid 
Regional 


Generalised 
additive models fit 
separately for 
males, females and 
both sexes, for 


Mortality impact was limited for 
temperatures in the 5th to the 95th 
percentiles range, but increased 
sharply thereafter. 
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on daily 
mortality in 
Madrid (Spain) 
among the 45-
64 age-group. 
Int J 
Biometeorol. 
2006; 50(6): 
342-8.


79
  


 
 


and sex- and 
cause-specific 
mortality 
among 
persons aged 
45-64 years. 


located in the 
Madrid 
metropolitan 
area: 
maximum 
daily 
temperature 
(Tmax); 
minimum 
daily 
temperature 
(Tmin); 
relative 
humidity (RH) 
observed at 
7.00 a.m.  
 
Effect 
modifiers 
Season, 
gender 
 
Confounders 
Air pollution 
(nitrogen 
ocides, 
sulphur 
dioxide, total 
suspended 
particulate 
matter, 
ozone), 
influenza 
epidemics, 
time lags, 
time trends, 
seasonalities 


Department of 
Statistics. All 
except accidental 
deaths were 
included and 
labelled as due to 
organic causes, 
circulatory 
diseases, and 
respiratory 
diseases.  


winter, and for 
summer. 


When both sexes were analysed jointly, 
effect of heat proved relevant for 
organic- and circulatory-cause 
mortality, with ARs of 11.5% and 
12.0%, respectively. When sexes were 
analysed separately, results for males 
were similar for organic (AR=12.3%) 
and circulatory causes (13.3%), but no 
relationship observed for females. 
 
Ozone effect noticeable on organic-
cause 
mortality in both sexes (AR=6.4%). 
Further appreciable effects were 
registered for: TSP in the case of males 
(AR=4.2%) and organic causes; and 
NO2, which proved statistically 
significant in the case of both sexes for 
both organic and circulatory causes, 
particularly the latter (AR=15.0%). 
 
Impact of extreme cold was solely 
evident in female organic-cause 
mortality AR=7.7%).  
 
Influenza epidemics (“g”) explained 
most of variance in these models. 


80 Frank DA, 
Neault NB, 
Skalicky A, Cook 


To evaluate 
the 
association 


Cross-
sectional 
surveys 


+ + USA: 2 
emergency 
departments 


 Survey of 
caregivers with 
children < 3 years 


 Families participating in the Low 
Income Home Energy Assistance 
Program reported more household 


Author acknowledged limitations: 
Do not know why those eligible for 
LIHEAP benefits did not receive 
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JT, Wilson JD, 
Levenson S, et 
al. Heat or eat: 
the Low Income 
Home Energy 
Assistance 
Program and 
nutritional and 
health risks 
among children 
less than 3 
years of age. 
Pediatrics. 
2006; 118(5): 
e1293-302.


80
  


between a 
family's 
participation 
in the Low 
Income Home 
Energy 
Assistance 
Program and 
the 
anthropometr
ic status and 
health of their 
young 
children.  
 
(Children's 
Sentinel 
Nutrition 
Assessment 
Project) 


and 3 primary 
care clinics in 
5 urban sites, 
June 1998 to 
December 
2004. 
 
 
Surveyed 
population 
included only 
Low Income 
Home Energy 
Assistance 
Program 
income-
eligible renter 
households 
without 
private 
insurance 
who also 
participated 
in > or = 1 
other means-
tested 
program. 
 
 


of age regarding 
household 
demographics, 
child's lifetime 
history of 
hospitalizations, 
and, for the past 
12 months, 
household public 
assistance 
program 
participation and 
household food 
insecurity, 
measured by the 
US Food Security 
Scale, which 
classifies 
households as 
food insecure if 
they report that 
they cannot 
afford enough 
nutritious food 
for all of the 
members to lead 
active, healthy 
live 


food insecurity (24% vs 20%)  
 
There were no significant group 
differences between recipients and 
nonrecipients in caregiver's education 
or child's gender.  
 
After controlling for these potentially 
confounding variables, including 
receipt of other means-tested 
programs, compared with children in 
recipient households, those in 
nonrecipient households had greater 
adjusted odds of being at aggregate 
nutritional risk for growth problems, 
defined as children with weight-for-age 
below the 5th percentile or weight-for-
height below the 10th percentile 
(Adjusted odds ratio 1.23;95%CI 1.00-
1.52, p=0.5).  
 
Nonreceipients households had a  
significantly lower mean weight-for-
age z scores calculated from age- and 
gender-specific values from the 
Centers for Disease Control and 
Prevention 2000 reference data (z 
score -0.033 v 0.076, p=0.01). 
 
However, in adjusted analyses, children 
aged 2 to 3 years in recipient 
households were not more likely to be 
overweight (BMI > 95th percentile) 
than those in nonrecipient households.  
 
Rates of age-adjusted lifetime 
hospitalization excluding birth and the 
day of the interview did not differ 
between Low Income Home Energy 
Assistance Program recipient groups. 


them. Although attempt made to 
control for covariates through 
multivariate analysis possible that 
there was unobserved differences 
between the two groups.  
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Among the 4445 of 7074 children 
evaluated in the 2 emergency 
departments, children from eligible 
households not receiving the Low 
Income Home Energy Assistance 
Program had greater adjusted odds 
than those in recipient households of 
acute hospital admission on the day of 
the interview (adjusted odds ratio 1.32, 
95% CI:1.00-1.74; p=0.05) 


81 Gerber Y, 
Jacobsen SJ, 
Killian JM, 
Weston SA, 
Roger VL. 
Seasonality and 
daily weather 
conditions in 
relation to 
myocardial 
infarction and 
sudden cardiac 
death in 
Olmsted 
County, 
Minnesota, 
1979 to 2002. J 
Am Coll Cardiol. 
2006; 48(2): 
287-92.


81
  


To assess the 
relationship 
of season and 
weather types 
with 
myocardial 
infarction (MI) 
and sudden 
cardiac death 
(SCD) in a 
geographicall
y defined 
population, 
and test the 
hypothesis 
that increased 
risk in winter 
is related to 
weather. 


Temporal 
association 
study 


+ + The 
population of 
Olmsted 
County, 
Minnesota, 
USA, 1979 to 
2002 
 


Temperature 
and 
meteorologic
al data from 
local airport 
monitoring 
station 
(National 
Weather 
Service) 


Incident 
myocardial 
infarction 
 
Sudden cardiac 
death (SCD) 
- with antecedent 
coronary heart 
disease (CHD) 
- without 
antecedent CHD 
(unexpected 
SCD). 


Age-, gender- and 
year-specific event 
rates were 
calculated for each 
season, weather 
and precipitation 
category. 
 
Poisson regression 
was used to assess 
the association of 
MI/SCD on season 
and meteorological 
variables.  
 
Two-way 
interaction terms 
were used to test 
effect modification 
by outcome, prior 
CHD status, age, 
gender and 
calendar year. 
 


Age-, gender-, and year-adjusted RR of 
SCD, but not of MI, was increased: 
 
- in winter (vs summer): 1.17 (1.03, 
1.32)  
- by low temperatures (<0 deg C vs. 18-
30 deg C): 1.20 (1.07, 1.35) 
 
Associations were stronger for 
unexpected SCD than for SCD with 
prior CHD.  
 
There was significant effect 
modification by prior CHD status in the 
relationship between temperature and 
SCD.  Compared with the 18-30 deg C 
category, the RR below 0 deg C for 
unexpected SCD was 1.35 (1.17, 1.56) 
and with prior CHD was 0.95 (0.77, 
1.17). 
 
After adjustment for all meteorological 
variables, low temperature was 
associated with a large increase in the 
risk of unexpected SCD (RR = 1.38 
(1.10, 1.73)), while the RR declined 
substantially in fall and winter (RR = 
1.06, (0.83 to 1.35) for the latter). 
 
Neither rain nor snow was significantly 
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related to either outcome. 
 
No age or gender interactions were 
found. 
 
Conclusion: the winter peak in SCD can 
be accounted for by daily weather. 


82 Medina-Ramon 
M, Zanobetti A, 
Cavanagh DP, 
Schwartz J. 
Extreme 
temperatures 
and mortality: 
assessing effect 
modification by 
personal 
characteristics 
and specific 
cause of death 
in a multi-city 
case-only 
analysis. 
Environ Health 
Perspect. 2006; 
114(9): 1331-
6.


82
  


To identify 
subpopulation
s and 
mortality 
causes with 
increased 
susceptibility 
to 
temperature 
extreme 


Case-only 
analysis 


++ + 7,789,655 
deaths from 
50 U.S. cities, 
1989-2000.  


Meteorologic
al parameters 
Distributions 
of daily 
minimum and 
maximum 
temperature 
in each city 
defined 
extremely 
cold days (</= 
1st 
percentile).  
 
Modifiers: 
individual 
death records 
including 
primary and 
secondary 
causes of 
death, place 
of death, and 
age, sex, race 
and 
educational 
attainment. 
 
 


Mortality,  For each 
hypothesized effect 
modifier, a city-
specific logistic 
regression model 
was fitted and an 
overall estimate 
calculated in a 
subsequent meta-
analysis. 
 
Confounder control 
Case-only analysis 
requires control 
only of (a) other 
modifiers of the 
temperature effect 
and (b) of risk 
factors modified by 
the putative 
modifiers of the 
temperature effect, 
not primary risk 
factors.  
 
Here just season  
(b) was controlled. 
Putative modifiers 
were not mutually 
controlled so 
identified factors 
may not be 
independent. 


Modification by subject characteristics 
of the effect of extreme temperatures 
on mortality* 
 
Extreme cold 
Characteristic  OR (95% CI)  
Age ≥ 65 years  1.018 (0.998, 
1.039) 
Female   0.998 (0.983, 
1.013)  
Black race  1.009 (0.990, 
1.029) 
Low education†  1.006 (0.983–
1.030)  
Out-of-hospl death 1.020 (0.995–
1.046)  
Presenting chronic condition:  
  Diabetes  0.979 (0.951–
1.008) 
  COPD   0.995 (0.968–
1.023)a 
Cause of death 
  Pneumonia  1.028 (0.979–
1.079)  
  Stroke   0.987 (0.956–
1.020) 
  CVD  1.053 (1.036–
1.070) 
  Myocardial infarct 1.030 (0.999–
1.062) 
  Cardiac arrest  1.137 (1.051–
1.230) 
Contributing cause of death 


 
Considering only same-day lag and 
extreme cold will have depleted 
power. 
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   Congest heart fail 0.976 (0.947–
1.005)  
  Atrial fibrillation 1.052 (0.993–
1.115)  
 
*Results from the meta-analysis of 50 U.S. 
cities during the period 1989–2000. 
Estimates represent the relative odds of 
dying on an extreme cold day for persons 
who had the condition (e.g., being female) 
compared with persons who did not have 
the condition. 
† High school (=university) graduate or less. 


 
 
Cardiovascular deaths and especially 
cardiac arrest deaths showed a greater 
relative increase on extremely cold 
days. 
 


83 Misailidou M, 
Pitsavos C, 
Panagiotakos 
DB, Chrysohoou 
C, Stefanadis C. 
Short-term 
effects of 
atmospheric 
temperature 
and humidity on 
morbidity from 
acute coronary 
syndromes in 
free of air 
pollution rural 
Greece. Eur J 
Cardiovasc Prev 
Rehabil. 2006; 
13(5): 846-8.


83
  


To evaluate 
effect of 
ambient 
temperature 
on morbidity 
from acute 
coronary 
syndromes 
(ACS) while 
avoiding 
confounding 
by air 
pollution. 


Observational 
(ecological) 
study 


+ + Rural Greece, 
for 1 year. 


Ambient 
temperature  


Hospital 
admission (daily) 
for acute 
coronary 
syndrome 


Daily admissions to 
hospital because of 
ACS were recorded 
for 1 year and 
analysed versus 
daily temperature 
and humidity. 
 


For a 1 degrees C decrease in 
temperature there was a 1.6% (95% 
confidence interval 0.9-2.2%) increase 
in admissions.  
 
This effect was more prominent in the 
elderly.  
 
No difference was detected according 
to sex or type of ACS. 


Air quality only assumed to be 
good in rural areas, this may not 
strictly be true (e.g. high ground-
level ozone on sunny days) 


84 Morabito M, 
Crisci A, Grifoni 


To investigate 
the 


Cross-
sectional time 


+ + Florence, 
Italy: the 


An objective 
daily synoptic 


Computerized 
inpatient hospital 


Calculation of a 
daily MI admission 


Hospital admissions for MI showed a 
significant linear increase 


Authors note that: health 
complications may bias 
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D, Orlandini S, 
Cecchi L, Bacci 
L, et al. Winter 
air-mass-based 
synoptic 
climatological 
approach and 
hospital 
admissions for 
myocardial 
infarction in 
Florence, Italy. 
Environ Res. 
2006; 102(1): 
52-60.


84
  


winter risk of 
hospitalizatio
n for 
myocardial 
infarction (MI) 
by means of 
daily weather 
conditions, 
classified by 
an air-mass-
based 
synoptic 
climatological 
approach. 


series study. winters of 
1998-2003  


air-mass 
classification 
calculated 
using seven 
meteorologic
al variables. 
These are 
measured at 
0900 and 
1500 h at a 
weather 
station 
located in 
Florence, by 
the Institute 
of 
Biometeorolo
gy of the 
National 
Research 
Council, 
between the 
months of 
December to 
February, 
from 1998 to 
2003.  
 
Effect 
modifiers 
Age (>=65, 
<65) 
 
Confounders 
Temporal, 
day-of-the-
week, year, 
time lag 
  


discharge data for 
MI (808 
hospitalizations) 
over five-winter 
survey provided 
by Administration 
of Careggi 
Hospital, main 
hospital in 
Tuscany. Only 
data of people 
resident in 
Florence 
considered.  


index (MIAI), taking 
into consideration 
the average 
admission value, 
characteristic of 
each winter. 
 
Time lag in disease 
onset also 
considered. 
 
 
Days of the week 
and air mass types 
were tested for 
MIAI 
differences using 
the Mann-Whitney 
U test. 
 
Two-day sequences 
of air mass types 
tested for MIAI  
differences using 
ANOVA and 
Bonferroni tests. 


from winter of 1998–1999 to winter of 
2002–2003 (P<0.001). 
 
Significant differences found between 
MIAI values on Saturday (lowest MIAI 
values) and those observed on Tuesday 
(P<0.05), Wednesday (P<0.01), and 
Thursday (P<0.01). 
 
Significant MIAI differences found 
between air masses over short and 
long periods. MIAI values occurring 24 
h after a day characterized by 
anticyclonic continental air mass were 
statistically higher than MIAI values 
occurring the day after a mixed air 
mass (P<0.05). MIAI values occurring 6 
days after a cyclonic air mass were 
significantly higher 
than MIAI values occurring 6 days after 
an anticyclonic polar continental 
(P<0.05) or after a mixed (P<0.05) air 
mass. 
 
Significant variations found (P<0.001) 
of mean MIAI values among all possible 
2-day sequences of air masses.  


associations; age/sex effect 
modifiers not considered; other 
environmental variables such as 
pollution/pollen not considered. 
 


85 Reinikainen M, To determine Observational ++ + Finland: data Month and Hospital mortality Logistic regression The crude hospital mortality rate was  
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Uusaro A, 
Ruokonen E, 
Niskanen M. 
Excess mortality 
in winter in 
Finnish 
intensive care. 
Acta 
Anaesthesiol 
Scand. 2006; 
50(6): 706-11.


85
  


whether there 
are seasonal 
variations in 
mortality 
rates in 
Finnish 
intensive care 
units (ICUs) 


study on 31,040 
patients 
treated in 18 
Finnish ICUs. 
 


season 
('winter' 
defined as the 
period from 
December to 
February 
inclusive). 
 
Severity of 
illness with 
acute 
physiology 
and chronic 
health 
evaluation II 
(APACHE II) 
scores and 
intensity of 
care with 
therapeutic 
intervention 
scoring 
system (TISS) 
scores. 
 
Only included 
patients 
admitted for 
the first time, 
and those 
with a known 
outcome. 


(among ICU 
patients). 
 
APACHE II 
severity of illness 
was also 
examined. 


analysis with chi-
squared. 
 
Age, severity of 
illness, intensity of 
treatment, and 
diagnosis were 
controlled for. 
 


17.9% in winter and 16.4% in non-
winter, P = 0.003.  
 
Even after adjustment for case mix, 
winter season was an independent risk 
factor for increased hospital mortality 
(adjusted odds ratio 1.13, 95% 
confidence interval 1.04-1.22, P = 
0.005). 
 
In particular, the risk of respiratory 
failure was increased in winter (0.7% 
increase, p<0.001).  
 
Crude hospital mortality was increased 
during the main holiday season in July, 
although not significantly when 
confounding factors adjusted for. The 
APACHE II severity of illness in July was 
higher in July (18.3) than other months 
(17.6),p=0.004. 
 
An increase in the mean daily TISS 
score was an independent predictor of 
increased hospital mortality (adjusted 
odds ratio 1.04 for one additional point 
(1.04-1.05, p<0.001). 
 
Authors’ conclusions: severity of 
illness-adjusted hospital mortality for 
Finnish ICU patients is higher in winter 
than in other seasons. 


The study did not adjust for 
hospital unit occupancy or 
characteristic of patients in 
surrounding beds. Population 
studied was largely patients older 
than 75. 
The definition of ‘winter’ and 
‘summer’ periods ignores the fact 
that cold periods can occur outside 
of the defined winter period. 
 
The severity of the Finnish winter is 
much greater than that in the UK. 


86 Southern DA, 
Knudtson ML, 
Ghali WA, 
Investigators A. 
Myocardial 
infarction on 
snow days: 
incidence, 


To compare 
'snow days' 
with 'non-
snow days' 
with respect 
to the 
incidence of 
myocardial 


Observation 
study 


+ +/- Alberta, 
Canada 


These data 
were merged 
with data 
from 
Environment 
Canada to 
determine the 
amount of 


Hospital 
admission and 
outcome in 
myocardial 
infarction. 
 
The use of acute 
procedures, 


The average 
incidence of MIs on 
snow days versus 
nonsnow days was 
then determined. 
Risk-adjusted odds 
ratios for the use of 
direct percutaneous 


There were 61 snow days and 575 non-
snow days. 
 
The incidence of MI (incidence density 
ratio of 1.08, 95% CI 0.82 to 3.10) and 
the use of direct percutaneous 
coronary intervention (adjusted 
OR=1.07, 95% CI 0.74 to 1.54) were 


 
Exposed temperature not 
accounted for in modelling, though 
morbidities were, influenza also 
not accounted for. 
 
Setting is not generalisable to UK 
populations, snow events are more 
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procedure, use 
and outcomes. 
Can J Cardiol. 
2006; 22(1): 59-
61.


86
  


infarction 
(MI), the use 
of acute 
procedures 
and in-
hospital 
mortality 


snowfall that 
occurred on 
any given day.  
 
Snow days 
were defined 
as days when 
at least 5 cm 
of snow fell, 
and the two 
subsequent 
days were 
included 
because of 
the lingering 
effect of 
'urban chaos' 
that can 
ensue after 
significant 
snowfall 
 


determined by 
linking to data 
from the Alberta 
Provincial PRoject 
for Outcomes 
Assessment in 
Coronary Heart 
disease 
(APPROACH). 
 


coronary 
intervention and in-
hospital mortality 
were also 
determined. 


slightly higher on snow days.  
 
In-hospital mortality trended toward 
being lower (adjusted OR=0.54, 95% CI 
0.28 to 1.04) for patients admitted on 
snow days, although none of these 
differences were statistically 
significant. 
 
Authors’ conclusions: despite the 
potential for the significant adverse 
effects of snow days on the incidence 
of MI, the use of acute procedures and 
outcomes, these findings suggest only 
minor effects, if any 


frequent and temperature 
exposure more extreme. 


87 Wang H, 
Matsumura M, 
Kakehashi M, 
Eboshida A. 
Effects of 
atmospheric 
temperature 
and pressure on 
the occurrence 
of acute 
myocardial 
infarction in 
Hiroshima City, 
Japan. 
Hiroshima J 
Med Sci. 2006; 
55(2): 45-51.


87
  


To examine 
the main 
effects and 
the 
interaction of 
atmospheric 
temperature 
and pressure 
on AMI  


Observational 
study 


+ + Hiroshima 
City, Japan. 
1993-2002:  
ambulance 
data for cases 
of acute 
myocardial 
infarction 
(AMI) 
(n=3755). 


In the 
analysis, 
thermo-
hydrological-
index (THI), or 
humidity 
adjusted 
temperature, 
was 
calculated to 
involve the 
effect of 
relative 
humidity. 


Acute myocardial 
infarction 


Poisson regression Daily events of AMI decreased as 
temperature increased. Daily events in 
the low, moderate, and high 
temperature groups were 1.16, 1.07 
and 0.90, respectively 
(average=1.03/day).  
 
Atmospheric pressure showed a 
weaker effect in the presence of 
temperature. A more profound 
interaction was found between 
temperature and pressure.  
 
The highest daily events 1.38 were 
observed in the low temperature and 
low pressure group, while this 
meteorological type was always 
accompanied by rain and/or snow. It 
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was significant (p=0.047) and 37% 
higher than that of the high 
temperature and moderate pressure 
group. The lowest daily events 0.87 
were observed in the high temperature 
and low pressure group. These 
associations were reinforced when 
temperature adjusted by relative 
humidity was used.  
 
Atmospheric temperature and the 
interaction of temperature and 
pressure had significant influences on 
the occurrence of AMI. The highest risk 
was found on days with low 
temperature and low pressure. Days 
with high risk were characterized by 
winter rain and/or snow. 


Continued…  
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Appendix 5 table continued: 2005 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2005           
88 Barnett AG, 


Dobson AJ, 
McElduff P, 
Salomaa V, 
Kuulasmaa K, 
Sans S. Cold 
periods and 
coronary 
events: an 
analysis of 
populations 
worldwide. J 
Epidemiol 
Community 
Health. 2005; 
59(7): 551-7.


88
  


To investigate 
the 
association 
between cold 
periods and 
coronary 
events, and 
the extent to 
which 
climate, sex, 
age, and 
previous 
cardiac 
history 
increase risk 
during cold 
weather 


Time-series 
regression 


+ + Twenty four 
populations 
from around 
the world 
(including 
Belfast, NI but 
none in 
England) from 
the WHO's 
MONICA 
project, a 21 
country 
register, 
1980-1995. 


Daily 
temperature 
from one 
weather 
station in 
each location. 
Also, daily 
humidity for 
18 of the 24 
sites.  


People aged 35-
64 years who had 
a coronary event. 


A hierarchical 
analyses of 
populations from 
the World Health 
Organisation's 
MONICA project.  


Daily rates of coronary events were 
correlated with the average 
temperature over the current and 
previous three days. In cold periods, 
coronary event rates increased more in 
populations living in warm climates 
than in populations living in cold 
climates, where the increases were 
slight. The increase was greater in 
women than in men, especially in 
warm climates. On average, the odds 
for women having an event in the cold 
periods were 1.07 higher than the odds 
for men (95% posterior interval: 1.03 to 
1.11). The effects of cold periods were 
similar in those with and without a 
history of a previous myocardial 
infarction.  
 
Conlcusions: rates of coronary events 
increased during comparatively cold 
periods, especially in warm climates. 
The smaller increases in colder climates 
suggest that some events in warmer 
climates are preventable. It is 
suggested that people living in warm 
climates, particularly women, should 
keep warm on cold days. 
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89 Basu R, 
Dominici F, 
Samet JM. 
Temperature 
and mortality 
among the 
elderly in the 
United States: a 
comparison of 
epidemiologic 
methods. 
Epidemiology. 
2005; 16(1): 58-
66.


89  


To compare 
time-series 
and case-
crossover 
analyses using 
varying 
referent 
periods (ie, 
unidirectional, 
ambidirection
al, and time-
stratified) for 
studies of 
temperature 
and 
cardiorespirat
ory mortality 


Time series 
and case 
cross-over 
designs 


+ + Elderly 
population 
(>65 years) 
who died of 
cardiovascular 
or respiratory 
disesases in 
1992, in the 
20 largest 
metropolitan 
areas of the 
United States 


Daily mean 
temperature 
and daily 
dew-point 
temperature 
(measure of 
relative 
humidity) in 
1992 provided 
by the 
National 
Climatic Data 
Center 
Earthinfo CD2 
database for 
each 
metropolitan 
area.  
 
Effect 
modifiers 
Age, season, 
region, 
heterogeneity 
within region,  
 
Confounders 
Relative 


humidity, air 


pollution, 


time lag, day-


of-week,  


 
  


Cardiorespiratory 
mortality data 
from the US 
Division of Vital 
Statistics 
 


Conditional logistic 
regression models 
(case-crossover) 
and overdispersed 
Poisson regression 
model (time-series) 
used to estimate 
risk by metropolitan 
area and season. 
Odds ratios (case-
crossover) and 
relative risks (time-
series) calculated 
for 
cardiorespiratory 
mortality associated 
with 10°F increase 
in mean daily 
temperature, 
adjusted for mean 
daily dew-point 
temperature and 
day-of-week 
effects. 


Regional analyses with time-stratefied 


case-crossover method (similar results 


with ambidirectional and time-series 


analyses, but not unidirectional) 


Greatest risk for temperature-related 
cardiorespiratory mortality occurred in 
summer. Strongest in Southwest 
(OR=1.15, 95% CI 1.07–1.24).  
 
In winter, all regional estimates 
showed no effect. Null or negative 
associations also found in spring and 
fall seasons, except for: Northwest in 
fall (1.04, 0.92–1.17), Southwest in 
spring (1.04; 0.98 –1.09), and Midwest 
in spring 
(1.03; 0.98 –1.08).  
 
Lag-zero and lag-1 day exposures had 
similar estimates, and both had 
stronger associations between 
temperature and cardiorespiratory 
mortality than lag-2 or -3 days. 
 
Stratifying by age group gave no 
consistent evidence for effect 
modification by age for all regions. 
 
PM10 only confounder in summer 
months (Fig. 5), which slightly 
increased effects for some regions 
(Northeast and 
Southwest) and slightly lowered for 
other regions (Southeast 
and Midwest). Ozone not confounder 
in summer or winter months. 
 


 
Authors note lack of treatment of 
some modifiers such as 
microenvironment characteristic, 
use of AC; only one year of data; 
county-averaged temperature. 


90 Cagle A, 
Hubbard R. 


To examine 
the 


Observational 
study 


+ + People aged 
55 years or 


Daily average 
temperature 


Out of hospital 
cardiac death: 


Poisson regression 
to examine the 


Identified a significant negative 
association between daily average 


Limitations include limited in 
analysis of age (all individuals over 
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Cold-related 
cardiac 
mortality in 
King County, 
Washington, 
USA 1980-2001. 
Ann Hum Biol. 
2005; 32(4): 
525-37.


90
  


relationship 
between 
temperature 
and cardiac 
death rates in 
King County, 
Washington, 
USA and 
suggest 
possible 
public health 
measures that 
can decrease 
the number of 
cardiac 
deaths 
associated 
with cold 
exposure. 
 


 
Health 
statistics 
(mortality 
from cardiac 
causes) from 
Washington 
State 
Department 
of Health 


older with 
out-of-
hospital 
cardiac 
deaths, King 
County, 
Washington 
State, USA, 
1980 to 2001 
(n=62,125) 


 
 


data from State 
death records 
 


association 
between same-day 
daily average 
temperature and 
death rate.  
Adjustment for 
season 
 
Confounding 
factors investigated 
included season, 
year, precipitation, 
and barometric 
pressure. 


temperature and cardiac mortality 
among persons over 55 years of age. A 
5 degrees C increase in temperature 
was associated with a decrease in 
death rate by a factor of 0.971 (95% CI: 
0.961, 0.982). 
 
Relative risk for 5C temperature 
change 
Total 0.971 (0.961, 0.982)  
Males 0.976 (0.961, 0.991)  
Females 0.968 (0.953, 0.983)  
 
Temperature on rate ratio (change in 
death rate per 5 degrees C change in 
temperature) continued to have a 
significant influence, even with a five-
day time lag: 
 
Relativerisk for 5C temperature change 
1 day         (0.969,0.958-0.979) 
2-day lag   (0.961,0.951-0.972) 
3-day lag   (0.960,0.950-0.971) 
4-day lag   (0.959,0.949-0.970) 
5-day lag   (0.959,0.948-0.969) 
 
 
Authors’ conclusions: cold 
temperatures may be an important 
triggering factor in bringing on the 
onset of life-threatening cardiac 
events, even in regions with relatively 
mild winters. Public health efforts 
stressing cold exposure while out of 
doors may play a prominent role in 
encouraging a reduction in cold stress, 
especially among seniors and those 
already at higher risk of cardiac death. 


55), and does not investigate 
vulnerability. Seasonal variations in 
influenza, are not investigated as a 
potential confounding factor, nor 
was ambient levels of air pollution 
investigated. There is a risk of 
misclassifying the cause of death. 


91 Carder M, 
McNamee R, 


To investigate 
the lagged 


Time series ++ ++ Three largest 
Scottish cities 


Dry bulb and 
wind chill 


Cardio-respiratory 
mortality 


Generalised linear 
Poisson regression 


Non-linear association between 
mortality and temperature: steeper at 
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Beverland I, 
Elton R, Cohen 
GR, Boyd J, et 
al. The lagged 
effect of cold 
temperature 
and wind chill 
on 
cardiorespirator
y mortality in 
Scotland. Occup 
Environ Med. 
2005; 62(10): 
702-10.


91  


effects of cold 
temperature 
on 
cardiorespirat
ory mortality 
and to 
determine 
whether 
"wind chill" is 
a better 
predictor of 
these effects 
than "dry 
bulb" 
temperature. 


(Glasgow, 
Edinburgh, 
Aberdeen), 
January 1981 
to December 
2001. 


temperature models, with lags 
up to one month 
 
Effects of 
temperature on 
mortality (lags up to 
one month) were 
quantified.  
 
Analyses were 
conducted for the 
whole year and by 
cool and warm 
season  


temperatures below 11 degrees C.  
 
The association between temperature 
and mortality persisted at lag periods 
beyond two weeks but the effect size 
generally decreased with increasing 
lag.  
 
Table. Estimated % increase (and 95% 
confidence intervals) in mortality over 
the ensuing one month period 
associated with a 1˚C drop in the 
daytime mean temperature (when 
temperature <11˚C) on any given day 
 
Cause of death  Estimate (95% CI) 
All cause mortality, all ages 
   2.93 (2.46, 3.39) 
All cause mortality, >65 years  
  3.34 (2.81, 3.87) 
All cause mortality, <65 years 
  1.40 (0.38, 2.41) 
Cardiovascular, all ages 
  3.35 (2.64, 4.06) 
Cardiovascular, >65 years 
  3.65 (2.87, 4.42) 
Cardiovascular, <65 years 
  1.90 (0.10, 3.67) 
Respiratory mortality, all ages 
  4.81 (3.45, 6.16) 
Respiratory mortality, >65 years 
  4.65 (3.18, 6.10) 
Respiratory mortality, <65 years 
  5.90 (2.60, 9.08) 
‘‘Other’’ cause mortality, all ages 
  1.71 (0.99, 2.41) 
‘‘Other’’ cause mortality, >65 years 
  2.06 (1.19, 2.93) 
‘‘Other’’ cause mortality, <65 years 
  0.46 (-0.86, 1.77) 
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The effect of temperature on mortality 
was not observed to be significantly 
modified by season. 
 
There was little indication that "wind 
chill" temperature was a better 
predictor of mortality than "dry bulb" 
temperature. 


92 Diaz J, Garcia R, 
Lopez C, Linares 
C, Tobias A, 
Prieto L. 
Mortality 
impact of 
extreme winter 
temperatures. 
Int J 
Biometeorol. 
2005; 49(3): 
179-83.


92
  


To examine 
the effect of 
extreme 
winter 
temperature 
on mortality 


Time series + + Madrid, 
people older 
than 65 years 
(two different 
age groups: 
from 65 to 74, 
and older 
than 75). 
 
Data 
correspond to 
1,815 winter 
days 
(November to 
March) over 
the period 
1986-1997, 
during which 
time a total of 
133,000 
deaths 
occurred 


Maximum, 
minimum and 
average daily 
temperatures, 
together with 
the relative 
humidity at 7 
am and 3 pm. 
 
Air pollution 
variables 
were 
computed as 
daily average 
values. 


Mortality (ICD9 
codes 1–799) 
excluding 
accidental causes 


ARIMA and 
Generalised 
Additive Models 
(GAM) time-series 
models 


The daily maximum temperature 
(T(max)) was shown to be the best 
thermal indicator of the impact of 
climate on mortality. When total 
mortality was considered, the 
maximum impact occurred 7-8 days 
after a temperature extreme; for 
circulatory diseases the lag was 
between 7 and 14 days. When 
respiratory causes were considered, 
two mortality peaks were evident at 4-
5 and 11 days. When the impact of 
winter extreme temperatures was 
compared with that associated with 
summer extremes, it was found to 
occur over a longer term, and 
appeared to be more indirect. 


 
 


93 Heyman B, 
Harrington BE, 
Merleau-Ponty 
N, Stockton H, 
Ritchie N, Allan 
TF. Keeping 
Warm and 
Staying Well: 
Does Home 


To investigate 
relationships 
between 
home energy 
efficiency, 
socio-
economic 
status and 
respondent 


Cross-
sectional 
(mainly) and 
longitudinal 
surveys. 


- - Two surveys 
of relatively 
deprived 
households in 
North East 
England . One 
in 2000 and a 
follow-up in 
2001. 


Measured: 
 
(i) socio-
economic 
status 
 
(ii) objective 
measure of 
energy 


Respondent-
assessed overall 
health. 
 
Also asked about 
health behaviours 
and administered 
SF36 health 
questionnaire.  


Tabulation and 
logistic regression 
analysis. 
 
Self-assessed health 
was dichotomized 
(“Excellent” or 
“very good” in one 
group, “good”, 


The main health measure used in the 
analysis, respondent-assessed overall 
health, was statistically significantly 
related to other health indicators, 
including SF36 scores, the reported 
presence of limiting conditions and 
health care behaviours such as visiting 
the GP.  
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Energy 
Efficiency 
Mediate the 
Relationship 
between Socio-
economic 
Status and the 
Risk of Poorer 
Health? Housing 
Studies. 2005; 
20(4): 649-64.


93
  


health.  
Sampling in 
2000 occurred 
in two 
“waves”.  In 
the first, 6500 
households 
contacted by 
phone, 2199 
agreed to 
participate, 
540 met 
criteria for 
fuel poverty 
and 301 were 
interviewed.  
In Wave 2, 
234 of 538 
household 
approached in 
person were 
recruited.  
Some 
differences 
were found 
between the 
two waves. 
 
There was 13-
15% loss to 
follow up for 
the 2001 
survey. 


efficiency 
(SAP rating) 
 
(ii) 
Satisfaction 
with home 
heating 
 
(iv) Mastery 
scale score 
 
(v) Home 
tenure 
 
(vi) Other 
individual 
characteristics 
(age, gender, 
smoking…) 


“fair” or “poor” in 
the other). 
 
The 2000 survey 
was basis of most 
results. 
 
Conducted path 
analysis on patterns 
of relationships 
between predictors 
and self-assessed 
health. 


Worse respondent self-assessed health 
was statistically significantly related to 
occupational, wealth and income 
measures of poorer socio-economic 
status. However, measures of heating 
satisfaction and sense of mastery 
displaced the socio-economic 
measures when they were included in 
the predictive logistic regression model 
for self-assessed respondent health. 
 
Respondent health was significantly 
and independently associated with 
lower satisfaction with home heating 
and worse SAP rating. 
 
In the full logistic regression model, a 
unit decrease (worsening) in SAP score 
was associated with a 1.03 (1.01-1.05) 
odds of having poorer respondent-
assessed health. 
 
Results suggest that objective energy 
efficiency, as measured by SAP ratings, 
may play a double role, affecting 
satisfaction with home fuel 
Inefficiency, which in turn influences 
health, as well as directly impacting on 
health. 
 
Authors’ conclusions: the findings 
support other evidence that home 
energy efficiency makes an important 
contribution to the relationship 
between lower socio-economic status 
and poorer health, and document the 
combined relationship between 
objective and subjectively measured 
home energy efficiency and health. 


94 Howieson SG, To examine Ecological - - Scotland, Seasonal Mortality (EWD) Correlation analysis The SIMD is positively correlated with  
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Hogan M. 
Multiple 
deprivation and 
excess winter 
deaths in 
Scotland. J R 
Soc Promot 
Health. 2005; 
125(1): 18-22.


94
  


the relation 
between 
socio-
economic 
deprivation 
and excess 
winter death 


correlation 
study 


1989-2001: definition: 
excess winter 
death (Dec-
Mar vs other 
months) 
 
Modifer: 
Scottish Index 
of Multiple 
Deprivation 
(SIMD) with 
five criteria by 
region: 
income; 
employment; 
health and 
disability; 
education, 
skills and 
training; and 
geographical 
access to 
services 


of EWD ratio with 
SIMD 


EWD by region (0.35 at the 5% 
confidence level).  
 
Author interpretation: “This correlation 
appears to go against the influence of 
climatic variations, house type, energy 
efficiency and access to the gas 
network which favours urban areas.” 


 
A fairly crude analysis 


95 Mirchandani S, 
Aharonoff GB, 
Hiebert R, Capla 
EL, Zuckerman 
JD, Koval KJ. The 
effects of 
weather and 
seasonality on 
hip fracture 
incidence in 
older adults. 
Orthopedics 
2005;28(2):149-
55.


95
  


This study 
examined the 
effect of 
weather and 
seasonality on 
hip fracture 
incidence in 
older (>65) 
adults 


Observational 
study: 
analysis of 
routine 
hospital 
discharge 
records 


+ + Patients > 65 
years with 
fracture of 
the femoral 
neck or inter-
trochanteric 
region, New 
York City, 
USA, 
admission 
during 1985 
to 1996  
(n=66,346 
patients) 


Season 
(winter was 
DJF, summer 
JJA etc) 
Weather 
variables 
averaged by 
month: 
Min 
temperature 
Max 
temperature 
Ave daily 
windspeed 
Ave RH 
Precipitation 
Snowfall 


Hip fracture by 
type: 
- neck 
- inter-
trochanteric 
 
(sub-trochanteric 
and pathological 
fractures 
excluded) 


Cross-tabulation 
and chi-squared 
statistics; 
correlation analysis 
 
Rates of admission 
were adjusted to a 
‘season’ length of 
91.25 days. Sample 
79% women but 
average monthly 
fracture rates were 
adjusted for 
age/sex/fracture 
type 


Temperature found to be positively 
correlated with hip fracture incidence. 
Adjusted number of fractures 
Winter 17507 
Spring 16503 
Summer 15600 
Autumn 16758 
 
Comparison of the characteristics of 
hip fracture patients: December-
January vs June-July 
 DJ JJ 
No (%) 12124 10,374* 
 (53.9%) (46.1%) 
Mean age 81.7 81.6 
F:M ratio 3.6 3.9 
Neck-to-  1.13 1.12 


 
Reviewer comment: 
 
- relatively simple analysis without 
adjustment for season in analysis of 
effect of weather variables 
 
- data on weather conditions were 
averaged for each of the 144 
months of analysis and correlated 
with the adjusted number of hip 
fractures  
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Percent of 
possible  
sunshine 
Depth of 
snow 


Intertrochanteric ratio 
Length of stay (days) 21.7
 20.8* 
Place of injuries: 
  Indoors 86.1 90.6* 
  Home 62 62.6 
 
*p<0.001 
 
Linear correlation of average monthly 
weather conditions and monthly 
adjusted number of hips fractures 
 
Weather parameter r
 p-value 
Min temperature 0.167 <0.001 
Max temperature 0.155 <0.001 
Ave daily windspeed 0.166
 <0.001 
Ave RH 0.033 0.03 
Amount of preciptn 0.16 NS 
Amount of snowfall 0.021 NS 
Percent of possible  0.005 NS 
  sunshine 
Depth of snow 0.008 NS 
 
Note that most hip fractures occur 
indoors 


96 Morabito M, 
Modesti PA, 
Cecchi L, Crisci 
A, Orlandini S, 
Maracchi G, et 
al. Relationships 
between 
weather and 
myocardial 
infarction: a 
biometeorologi
cal approach. 


To calculate 
threshold 
values of 
weather 
discomfort 
which 
increase the 
risk of 
hospital 
admissions 
for 
myocardial 


Time series/ 
temporal 
association 
cross-
sectional 
study 


+ + Hospital 
admissions 
for 
myocardial 
infarction for 
the period 
1998-2002 in 
Florence, 
Italy. 
 


Classification 
of 
temperature 
exposure 
based on:  
(i) daily mean 
air 
temperature 
(ii) Apparent 
Temperature 
Index (ATI) in 
summer, and 


Computerized 
inpatient hospital 
discharge data for 
MI provided by 
the 
Administration of 
Careggi Hospital 
the biggest and 
the main regional 
hospital. Only 
data of people 
residents in 


Preliminary 
statistical analysis 
regressed daily 
event rates and 
mean daily air 
temperatures and 
assessed 
differences 
between age 
groups, sex and 
seasonal 
fluctuations used 


Daily event rates were significantly 
related with daily mean air 
temperature in patients >65 (P <0.001): 
19% increase in daily event rates for a 
10 degrees C decrease. 
 
Highly significant seasonal fluctuation 
(chi2=69.9, P <0.001). Male/female 
ratio of admissions was significantly 
different from 1 (chi2=286.7, P<0.001) 
and higher for patients >65 than for 
=<65, in all seasons. Statistically 
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Int J Cardiol. 
2005; 105(3): 
288-93.


96
  


infarction in 
winter and 
summer. 


the New U.S./ 
Canada Wind 
Chill 
Temperature 
Index (NWCTI) 
in winter, 
which 
combine air 
temperature, 
relative 
humidity and 
wind velocity. 
Uses 
meteorologic
al data from 
the urban 
weather 
station 
located in the 
centre of 
Florence. 
 
Effect 
modifiers 
Age, sex, and 
season. 
 
Confounders 
Potential 
weather 
confounders , 
time-lags 
controlled, 
but several 
potentially 
important 
confounders 
(e.g. 
pollution, 
deprivation 


Florence 
considered.  


chi-squared tests. 
 
Second statistical 
analysis regressed 
admission rates and 
‘potential 
discomfort days’ for 
different groups: 
summer/winter 
only, age, and sex.  
 
Correlation 
between severe 
discomfort 
conditions and 
hospitalization 
investigated on 
same day and up to 
three following 
days. 


significant fluctuation for different age 
groups also found (chi2=430.7, 
P<0.001). 
 
Cold-specific results 


Significant relationships between 
severe discomfort caused by cold 
conditions and hospitalization on same 
day when considering everyone 
together (r =0.74, 
P<0.05) and patients >=65 (without 
difference of sex) (r =0.84, P<0.01). 
Males showed no significant 
associations, but females showed 
highest correlation coefficients in both 
total sample of females (without 
difference of age) (r =0.85, P <0.01) and 
females >=65 (r =0.84, P <0.01). 
Statistically significant relationships 
found correlating hospitalizations 
occurring two days after day with 
severe discomfort conditions. Found 
for everyone together (r =0.84, P 
<0.01) and males =>65 (r =0.97, 
P<0.001). 
 
Apparent temperature approach 
important of heat impacts. 
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status, 
influenza/illne
ss) not 


considered. 
97 Rudge J, 


Gilchrist R. 
Excess winter 
morbidity 
among older 
people at risk of 
cold homes: a 
population-
based study in a 
London 
borough. J 
Public Health 
(Oxf). 2005; 
27(4): 353-8.


97
  


To examine 
the 
demonstrabili
ty of a 
relationship 
between 
older people's 
health and 
fuel poverty 
risk, using 
morbidity 
data. 
 


Observational 
population-
based study 


++ ++ 25,000 
residents, 
>=65 years, in 
the London 
Borough of 
Newham 
(LBN). 
 
Using Hospital 
Episode 
Statistics 
(HES) data 
over 1993-
1997, 
anonymized 
at 
enumeration 
district (ED) 
level, we 
calculated 
excess winter 
morbidity, 
based on 
emergency 
hospital 
episodes for 
all respiratory 
diagnosis 
codes.  
 
 


 
Effect 
modifier: 
EDs were 
classified by a 
Fuel Poverty 
Risk Index 
(FPR), 
including 
factors of 
energy 
inefficient 
housing, low 
income, 
householder 
age and under 
occupation. 
 


Excess winter 
morbidity 
(hospital 
admission for 
respiratory 
diagnosis) 


Poisson regression 
of  respiratory 
admissions 
focussing on 
interactions of FPR 
with season (no 
covariates). 


FPR is a predictor of excess winter 
morbidity. In particular, FPR was 
observed showing a significant 
relationship with high winter morbidity 
counts for 2 of 4 years studied.  
 
Using FPR as a two-level factor (high 
and non-high), the model provides 
odds ratios: for 1993, winter/summer 
morbidity ratio for high FPR is 1.7 
higher than the corresponding ratio for 
non-high FPR [95% confidence interval 
(CI)=1.1-2.7], and for 1996, the odds 
ratio is 1.6 (95% CI=0.9-2.8). In a 
regression with grouped EDs, having 
allowed for FPR, no other variables in 
our set contribute to the difference 
between winter and summer morbidity 
counts. 
 
Authors’ conclusions: ‘supporting 
evidence’ of a relationship between 
energy inefficient housing and winter 
respiratory disease among older 
people, with public health implications 
for increasing health-driven energy 
efficiency housing interventions. 


No adjustment for possibly 
confounding modifiers, in 
particular age. But given all are  
65+, FPR still largely robust if one 
assumes poverty does not also 
cause cold deaths by other routes..  


98 Schwartz J. Who 
is sensitive to 
extremes of 
temperature?: 
A case-only 


To investigate 
the 
characteristics 
of persons 
that put them 


Case only 
analysis 


++ ++ 160,062 
deaths in 
Wayne 
County, 
Michigan, 


Ambient 
temperature 
from the 
Detroit 
airport 


Mortality in 
subjects who had 
one of the 
following 
conditions but 


Case only analysis.  
Fit a logistic 
regression model 
with the indicators 
for extreme 


All of the below are for the 1-day 
relative odds, as these showed the 
higher effects than the 3-day. 
 
Persons older than 84 years showed 
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analysis. 
Epidemiology. 
2005; 16(1): 67-
72.


98
  


at higher risk 
of mortality 
during 
temperature 
extremes, 
focusing on 
the role of 
medical 
conditions. 
 


among 
persons >= 65 
years, 
covered by 
Medicare, and 
who had a 
previous 
hospital 
admission for 
heart and 
lung disease. 


station. 
 
Hot days 
defined as 
>99


th
 


percentile of 
minimum 
daily 
temperature.  
Also looked at 
days >99


th
 


percentile of 
the 3-day 
moving 
average of 
minimum 
temperature 
(same day 
and two 
previous 
days). 
 
Similarly, cold 
days defined 
as those <1


st
  


percentile and 
also looked at 
days <1


st
  


percentile of 
the 3-day 
moving 
average. 
 
 
 


were then 
discharged:  
myocardial 
infarction (MI), 
diabetes, COPD, 
congestive heart 
failure (CHD) and 
pneumonia.   
 
Subjects 
identified from 
Medicare records.  
 


weather conditions 
as predictors and 
the presence or 
absence of the 
hypothesized 
modifying condition 
as the dependent 
variable.   
 
Potential modifiers:  
sex, age (85 years of 
age and older), 
nonwhite race, as 
well as the lung and 
heart diseases.   
 
Also included 
seasonal sine and 
cosine terms and 
linear and quadratic 
terms for apparent 
temperature. 


greater effects of extreme cold but not 
extreme heat with an OR of 1.16 (1.03, 
1.31). 
 
Women were at greater risk of dying 
from extreme cold (1.14; 1.02-1.26). 
 
Nonwhites showed the greatest 
evidence of effect modification with 
ORs of 1.22 (1.09-1.37) on hot days and 
(1.25; 1.12-1.40) on cold days. 
 
Persons with diabetes showed 
increased susceptibility to very hot 
days with OR of 1.17 (1.04, 1.32) 
whereas persons with COPD had 
elevated risks of dying on cold days 
(1.19; 1.07-1.33).  
 
Persons who survived MIs were less 
susceptible than patients who were 
hospitalized for other conditions on 
cold days (0.83; 0.69-0.99). 
 
Note that these are relative odds and 
do not mean that the absolute risk for 
these subjects is not elevated, just that 
it is elevated less.  
 
The other conditions conveyed no 
higher risks than average. 
 
Overall, the results for extreme 
temperatures were stable when 
interactions with season and 
continuous temperature were 
included.  However, although control 
for these interactions did not affect the 
differential susceptibilities to extreme 
temperatures, there was some 
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evidence for an independent effect of 
the additional variables.  
 
Author’s conclusion: socio-
demographic characteristics and 
medical conditions can increase the 
likelihood of death associated with 
temperature extremes. 


Continued…  
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Appendix 5 table continued: 2004 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2004           
99 Aronow WS, 


Ahn C. Elderly 
nursing home 
patients with 
congestive 
heart failure 
after 
myocardial 
infarction living 
in New York City 
have a higher 
prevalence of 
mortality in cold 
weather and 
warm weather 
months. J 
Gerontol A Biol 
Sci Med Sci. 
2004; 59(2): 
146-7.


99
  


To investigate 
whether there 
was a 
seasonal 
variation in 
mortality 
from CHF. 


Prospective 
observational 
study 


- + New York city, 
USA: 517 
patients, 
mean age 81 
+/- 8 years, 
with 
congestive 
heart failure 
(CHF) after 
prior 
myocardial 
infarction 
who died in a 
nursing home 
in New York 
City with 24-
hour on-site 
physician 
coverage 


Cold and 
warm-
weather 
months 
(December, 
January, 
February, 
March, July, 
and August) 
compared to 
Spring and 
Fall. 


All-cause 
mortality 


The exact binomial 
test was used to see 
if the number of 
deaths from CHF in 
the cold weather 
and warm weather 
months was 
significantly 
different from 
those in the spring 
and fall 


321 of the 517 deaths (62%) occurred 
during the months of December, 
January, February, March, July, and 
August, and 196 deaths (38%) occurred 
during the other 6 months (p <.0001). 
 
Authors’ conclusions: the number of 
deaths in patients with CHF after prior 
myocardial infarction in cold weather 
and warm weather months is 
significantly higher than those in spring 
and fall months (p <.0001). 


Limitations include a small sample 
size; examining all-cause mortality, 
which may include non-CHF related 
deaths; no adjustment for the 
degree of ‘cold’.  


100 Goodman P, 
Dockery D, 
Clancy L. Cause-
specific 
mortality and 
the extended 
effects of 
particulate 
pollution and 
temperature 
exposure. 
Environ Health 
Perspect. 2004; 
112(2): 179-
85.


100
  


To assess the 
associations 
of medium-
term 
exposure to 
particulate 
pollution 
(black smoke) 
and 
temperature 
with age-
standardized 
daily mortality  


Cross-
sectional 
time-series 
study 


++ + City of Dublin 
(Dublin 
County 
Borough), 1


st
 


April 1980 
until 31


st
 


December 
1996. 
  


Daily black 
smoke (BS) air 
pollution 
concentration 
given by 
average of 
measurement
s at six 
residential 
monitoring 
stations in 
Dublin. 
 
Daily 
minimum 
temperatures 


Cause-specific 
daily mortality: 
ICD-9 codes 
 
- total non-
trauma deaths  < 
800 
-- cardio-vascular 
death 390–448 
-- respiratory 
death 460–496, 
507  
 
 


Temperature-


relevant analysis 


Apolynomial (six 
order) distributed 
lag model of both 
temperature (and 
RH) and BSfor 0-40 
days after exposure 
was constructed for 
each cause- and 
age-specific 
mortality stratum. 
Day-specific log 
odds ratios and 95% 
confidence intervals 


Cold temperature-relevant results 


Each decrease of 1 degree C was 
associated with a 2.6% increase in 
mortality in the following 40 days. 
Most of excess mortality associated 
with cold temperatures observed in 
first three weeks after exposure. 
 
Age (40-day cumulative cold effect) 
Age-group   % increase in mortality for 
     a 1 deg C decrease in mean 
     temperature (95% CI) 
0-64  1.4 (0.7, 2.2) 
65-74  2.8 (2.2, 3.5) 
75+  3.0 (2.6, 3.5) 
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(deg Celsius) 
and daily 
mean relative 
humidity 
(percent) 
measured at 
Dublin 
airport. 
 
Effect 
modifier 
Age 
 
Confounders 
Relative 
humidity 
controlled, 
changes in 
age 
distribution of 
Dublin 
Population 
adjusted for 
by 
constructing 
age-
standardized 
daily, death 
rate. 
respiratory 
epidemic 
indicator, 
temporal, 
day-of-week, 
seasonal, and 
long-term 
trend factors. 


(CIs) calculated 
 
 


 
Cause (40-day cumulative cold effect) 
Cause-group   % increase in mortality 
for 
     a 1 deg C decrease in mean 
     temperature (95% CI) 
Cardiovascular 2.5 (2.0, 3.0) 
Respiratory 6.7 (5.8, 7.6) 
Other  1.5 (0.90, 2.0) 
 
The largest effects on cardiovascular 
mortality were observed immediately, 
whereas respiratory mortality was 
delayed and distributed over several 
weeks.  
 


101 Hajat S, Bird W, 
Haines A. Cold 
weather and GP 


To determine 
the 
magnitude 


Time series + ++ UK: elderly 
people (65+ 
years) in 


Ambient 
temperature 


Lower and upper 
respiratory tract 
infections (LRTI, 


Time series analysis 
of short-term 
effects of 


An association between low 
temperatures and an increase in LRTI 
consultations was observed in all 16 
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consultations 
for respiratory 
conditions by 
elderly people 
in 16 locations 
in the UK. Eur J 
Epidemiol. 
2004; 19(10): 
959-68.


101
  


and 
consistency of 
associations 
between cold 
temperature 
and 
consultations 
for 
respiratory 
conditions in 
primary care 
settings at 
different sites 
in the UK. 


general 
practices in 16 
urban 
locations 
across the UK 
where a Met 
Office 
monitoring 
station was in 
operation. 
 
Data for a 10-
year period, 
1992-2001 


URTI) temperature on 
daily general 
practitioner ( GP) 
consultations  


locations studied.  
 
The biggest increase was estimated for 
the Norwich practices for which a 
19.0% increase in LRTI consultations 
(95% CI 13.6, 24.7) was associated with 
every 1degreesC drop in mean 
temperature below 5degreesC 
observed 0-20 days before the day of 
consultation.  
 
Slightly weaker relationships were 
observed in the case of URTI 
consultations. A north/south gradient, 
with larger temperature effects in the 
north, was in evidence for both LRTI 
and URTI consultations.  
 
Authors’ conclusions: an effect that 
was consistent and generally strongest 
in populations in the north was 
observed between cold temperature 
and respiratory consultations.  


102 Maheswaran R, 
Chan D, Fryers 
PT, McManus C, 
McCabe H. 
Socio-economic 
deprivation and 
excess winter 
mortality and 
emergency 
hospital 
admissions in 
the South 
Yorkshire 
Coalfields 
Health Action 
Zone, UK. Public 
Health. 2004; 


To describe 
the pattern of 
excess winter 
mortality and 
emergency 
hospital 
admissions, 
and the 
relationship 
between 
excess winter 
mortality and 
emergency 
hospital 
admissions 
and socio-
economic 


Ecological 
analysis of 
seasonal data  


+ + England: the 
South 
Yorkshire 
Coalfields 
Health Action 
Zone: 1981 to 
1999 (deaths), 
1990-1999 
(emergency 
hospital 
admissions) 


Seasonal 
definition: 
excess winter 
mortality 
ratio. 
 
 


Deaths (aged 45 
years and above): 
- all  
- cardiovascular  
- respiratory  
- all other  
 
Emergency 
hospital 
admissions  
 
 
Modifiers 
Age 
Cause 
Enumeration 
district-level 


Analysis of excess 
winter mortality 
ratios 
(observed/expected
) 


Mortality (sex, cause) 
Respiratory 
F 1.70 
M 1.58 
 
Cardiovascular 
F 1.25 
M 1.20 
 
All other causes 
F 1.09 
M 1.07 
 
Hospital admission ratio 
Respiratory 
F 1.80 
M 1.58 
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118(3): 167-
76.


102
  


deprivation at 
the 
enumeration 
district level. 


Townsend socio-
economic 
deprivation score 
(quintile) 


No excess was evident for the other 
two groups of conditions. 
 
No significant increase in excess winter 
mortality ratios or excess winter 
respiratory admission ratio with 
increasing socio-economic deprivation. 
 
With regard to age, we found P<0.0001 
and for all other diseases P>0.001 and 
also in the excess winter hospital 
admission ratio for respiratory disease 
P<0.0001  
 
With regard to sex, the excess ratios 
were lower in men than in women for 
both respiratory mortality P<0.05 and 
respiratory hospital admissions 
P<0.0001  
 
We also observed that excess winter 
mortality ratios decreased significantly 
over the 18-year period for 
cardiovascular disease P<0.05 and for 
all other diseases P<0.05. 
 
Authors note: “Our results suggest that 
measures to reduce excess winter 
mortality should be implemented on a 
population-wide basis and not limited 
to socio-economically deprived areas. 
There may also be a case for tailoring 
interventions to specifically meet the 
needs of older people.” 


103 Panagiotakos 
DB, Chrysohoou 
C, Pitsavos C, 
Nastos P, 
Anadiotis A, 
Tentolouris C, 


To examine 
the 
association 
between 
climatologic 
parameters 


Cross-
sectional 
time-series 
study 


+ + Cardiology 
emergency 
units of 
hospitals in 
the greater 
Athens area, 


Daily mean, 
maximum and 
minimum 
temperatures, 
relative 
humidity, 


Daily number of 
admissions for 
acute myocardial 
infarction 
(electrocardiogra
phic changes,  


 Generalized 
additive models 
(GAM) with loess 
smoothers applied 
to regress-time-
series of daily 


Negative correlation between hospital 
admissions and mean daily 
temperature (MDT): 1 deg C decrease 
in mean air temperature yielding a 5% 
increase in hospital admissions due to 


an acute coronary event  ( =0.05, risk 


Authors note: data consisted only 
of people 
admitted alive, therefore do not 
cover all major 
coronary events; air pollution not 
investigated; relatively short 
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et al. 
Climatological 
variations in 
daily hospital 
admissions for 
acute coronary 
syndromes. Int J 
Cardiol. 2004; 
94(2-3): 229-
33.


103
  


and daily 
admissions 
for non-fatal 
acute 
coronary 
syndromes 
(ACS)  


1
st


 January 
2001 to 31


st
 


August 2002  
 
(5458 
patients, 75% 
male) 


wind speed, 
barometric 
pressure and 
a thermo-
hydrological 
index (T.H.I.) 
were 
measured at 
the 
meteorologic
al station of 
the 
Laboratory of 
Climatology of 
the Geology 
Department 
of the 
University of 
Athens 
 
Effect 
modifiers 
Gender and 


age in one of 


three groups: 


<=35yrs,36–


64yrs, and >= 


65yrs. 


Confounders 
Overdispersio
n, serial 
correlation, 
seasonal 
patterns, day-
of-week, and 
holiday days. 


compatible 
clinical 
symptoms, 
and/or specific 
diagnostic 
enzyme 
elevations),  or 
unstable angina 
(occurrence 
of one/more 
angina episodes, 
at rest, within 
preceding 48 h, 
corresponding to 
class III of 
Braunwald 
classification) 
(ACS) in five 
major general 
hospitals in 
greater Athens 
area recorded. 
Partly subjective. 
 
 
 


numbers of 
outpatients with 
acute cardiac 
events 
against 
climatological 
variables and a 
thermo-
hydrological index.  
 
Contribution of 
each potential 
confounder was 
evaluated by the 
use 
of the F-test. 
Goodness-of-fit 
assessed from 
residuals against 
time.  
Partial auto-
correlation function 
applied to 
determine 
degree of remaining 
serial-correlation  
 
 


ratio=1.05, P < 0.05).  
 
Association stronger in females 


(=0.08, risk ratio=1.08, P=0.058 for 


females vs. =0.04, risk ratio=1.04, P= 


0.15 for males) and in elderly ( = 0.09, 
risk ratio=1.10, P= 0.032 for >65-years-


old vs. =0.02, risk ratio=1.02, 
P = 0.23 for < 65-years-old). 
 
For relative humidity, positive 
correlation found with hospital 


admissions (=+0.02, risk ratio per 10% 
change=1.24, P= 0.04). 
 
Negative correlation found between 
T.H.I. and hospital admissions, in both 
genders. 1 deg C decrease in T.H.I. 


yielded 6% (=0.06, risk ratio=1.06, P= 
0.039) increase in hospital admissions 
for ACS. Correlation slightly stronger in 


elderly (=0.09, risk ratio=1.09, P < 
0.001). No differences found when 
analysis stratified according to 
outcome and no significant interactions 
between mean temperature and 
humidity or with day-of-the-week, 
holidays and strikes. 
 
Wind speed negatively correlated with 
hospital admissions, but not 


statistically significant (=0.10+/-0.15, 
risk ratio =1.11,P=0.479). Similar results 
found regarding mean barometric 
pressure. 
 


duration of  
study period.  


104 Wilkinson P, 
Pattenden S, 
Armstrong B, 


To examine 
the 
determinants 


Population 
based cohort 
study 


++ ++ People aged > 
or = 75 years 
from 106 


Seasonal 
definition: 
winter:non-


(All-cause) 
mortality  


Analysis of seasonal 
ratio and its 
variation by 


Little evidence of variation in 
winter:non-winter ratio by: 
- geographical region 


The strength of this study is that it 
uses individual level data unlike 
some of the other cruder ecological 
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Fletcher A, 
Kovats RS, 
Mangtani P, et 
al. Vulnerability 
to winter 
mortality in 
elderly people 
in Britain: 
population 
based study. 
BMJ. 2004; 
329(7467): 
647.


104
  


of 
vulnerability 
to winter 
mortality in 
elderly British 
people 


(119,389 
person years,  
10,123 
deaths) 
followed up 
for death 
through the 
Office for 
National 
Statistics 


general 
practices in 
the Medical 
Research 
Council trial 
of assessment 
and 
management 
of older 
people in 
Britain  


winter ratio. 
 


personal and linked 
area characteristics 


- age 
- any of the personal, socioeconomic, 
or clinical factor examined except: 
 
Relative risks 
Sex (adjusted for all major covariates) 
M 1 
F  1.11 (1.00 to 1.23) 
 
Only self reported history of 
respiratory illness associated with 
winter death (adjusted for all major 
covariates) 
No 1 
Yes  RR=1.20 (1.08 to 1.34) 
 
There was no evidence that 
socioeconomic deprivation or self-
reported financial worries or reported 
difficulty in keeping house warm were 
predictive of winter death.  
 
Authors note that “The lack of 
socioeconomic gradient suggests that 
policies aimed at relief of fuel poverty 
may need to be supplemented by 
additional measures to tackle the 
burden of excess winter deaths in 
elderly people” [more generally]. 


analyses and presumably the GPRF 
is representative 


Continued…  
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Appendix 5 table continued: 2003 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2003           
105 Crawford JR, 


Parker MJ. 
Seasonal 
variation of 
proximal 
femoral 
fractures in the 
United 
Kingdom. Injury 
2003;34(3):223-
5.


105
  


To determine 
seasonal 
variation in 
the incidence 
of hip 
fractures by 
season and in 
relation to 
weather 
conditions 


Prospective 
observational 
study: 
consecutive 
case series 
with 1-year 
follow-up 


++ ++ 3034 
consecutive 
hip fracture 
patients 
admitted to a 
single unit 
(Peterboroug
h DGH) in the 
UK, 13 Jan 
1989 to 12 
Jan 2001 


Month, 
season and 
temperature  


 Hip fracture by 
type: 


- extracapsular 
- intracapsular 


 Length of 
hospital stay 


 Mortality (case 
fatality) 


Descriptive analyses Comparison of number of admitted 
patients, their characteristics and 
outcome in winter and summer months 
  Winter Summer 
   (NDJ)  (MJJ) 
No. of # 867 693 
 - intracap % 53.6% 57.0% 
 - extracap 46.4% 43.0% 
% Male 20.4% 19.5% 
Mean age 81.8 81.3 
From home 69.7% 65.5% 
Mean MTS* 5.4 5.5 
Mean mobility score† 5.2 5.0 
Days in hospital 23.2 23.4 
Mortality 
 - 30 d 9.7% 8.2% 
 - 120 d 21.1% 16.7% 
 - 365 d 31.5% 27.3% 
 
*MTS – mental test score (range 0-10) 
†Mobility score: range 0-9 


 


 More hip fractures in winter than 
summer (p=0.002) 


  Increase in extracapsular fractures 
(p=0.006) and tendency to a higher 
mortality for those patients admitted 
in winter.  


 No statistically significant difference in 
patient characteristics between the 
winter and summer seasons. 


 


Reviewer comment: 
- winter unusually defined as NDJ, 
which  accentuates winter excess 
 
 


106 Donaldson GC, 
Keatinge WR. 


To assess cold 
related 


Cross 
sectional 


+ + England and 
Wales 


Central 
England 


Daily deaths from 
Office of National 


Poisson regression 
of mortality  


Cold related mortality in the retired 
(65–74) age group was generally higher 


 
Authors note:  possible (‘simplest’) 
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Cold related 
mortality in 
England and 
Wales; 
influence of 
social class in 
working and 
retired age 
groups. J 
Epidemiol 
Community 
Health. 2003; 
57(10): 790-
1.


106
  


mortality  
among social 
classes in 
England and 
Wales and in 
working and 
retired age 
groups 
 


study with 
time lags 
accounted for 


between 
1998-2000 
 


temperatures 
from 
Meteorologic
al Office, 
were daily 
means of 
Squire’s Gate 
Lancashire, 
Manchester 
Airport, 
Malvern, 
Rothamstead. 
 
Effect 
modifiers 
Social class, 
gender, age 
group, and 
whether 
housewife. 
 
Confounders 
Mean 
influenza 
deaths 10 
days before to 
10 days after, 
and single 
three-day 
time lag on 
temperature  


Statistics, 
for men and 
women in 
England and 
Wales aged 65–74 
years 
and 50–59 years, 
by social class:  
1 (professional) 
2 (managerial and 
technical) 
3N (nonmanual 
skilled) 
3M (manual 
skilled) 
4 (partly skilled) 
5 (unskilled) 
 


on temperature 
in subgroups by 
social class, age, 
sex. 
 
Statistical 
comparisons 
assessed using the t 
test between social 
classes 1 and 5 only 
(the extremes). 
 


in men of class 5 (unskilled) than class 
1 
(professional), or other classes, with 
little difference between men and 
women or housewives, of any class. 
 
In the working age group (50–59), 
women in class 5 had significantly 
higher cold related mortality than 
those in class 1, but in men in class 5 
cold related mortality was on average 
lower 
than in men of any other class. It was 
also significantly lower in class 5 among 
men than women, or housewives, both 
in direct comparison and in relation to 
comparisons of men and women in 
class 1. 
 
 
 


explanation is that manual work 
protected class 5 men against 
daytime cold stress. 
International surveys also point to 
important role of out of home 
factors. [especially] heating and 
insulation…, but less attention paid 
to these. 
 
 


107 Healy JD. Excess 
winter mortality 
in Europe: a 
cross country 
analysis 
identifying key 
risk factors. J 
Epidemiol 
Community 


To investigate 
potential 
causative 
factors 
explaining 
why certain 
countries 
experience 
dramatically 


Ecological 
(country-
level) analysis 
of EWM and 
potential 
causative 
factors 


+ + Excess winter 
deaths (all 
causes), 
1988–97, EU-
14 countries 


Seasonal 
(winter) 
definition: 
DJFM vs other 
months 


All-cause 
mortality 


Multiple time series 
data on a variety of 
risk factors 
analysed against 
seasonal-mortality 
patterns to identify 
key 
relations 


Substantial country-to-country 
variation in EWM.  Highest rates in 
western edge countries:  
Portugal highest:  28% (25%, 31%)  
Spain  21%, (19%, 23%) 
Ireland  21% (18%, 24%).  
 
UK 18%, France 13%, Denmark 12%, 
Finland 10%, Germany 11%. 


 
Reviewer comment 
A calendar month-based definition 
of winter may represent different 
seasonal effects in different 
countries (more months are cold in 
northern than southern climates) 
so a common DJFM period has 
different meaning. 
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Health. 2003; 
57(10): 784-
9.


107
  


higher winter 
mortality.  
 


 
Cross country variations in 
mean winter environmental 
temperature  
   Coef P- 
           value 
Mean winter environ temp  0.2  0.001 
Mean winter precipitation 0.23 0.017 
Mean winter RH 0.54  0.001 
PPP-adjusted per capita GDP  1.08 0.001 
Primary education spend* 0.12  0.070 
Second education spend* 20.27 0.061 
Total health spend* 0.63  0.069 
Public health spend*  0.60  0.001 
Private health spend* 0.90  0.011 
PPP-adjusted health spend 21.19 0.001 
GPs per 1000 population 0.59 20.437 
Hospital beds per 1000 20.23 0.067 
Smoking rate 0.40  0.344 
Obesity rate 0.30  0.512 
Income poverty rate† 20.47 0.008 
Income inequality (Gini) 0.97  0.020 
Deprivation rate (composite) 0.11  0.048 
Fuel poverty rate (composite) 0.44 
0.005 
% of housing, cavity insul 22.56 0.022 
% of housing, roof insul 1.36 0.110 
% of housing, fFloor insul 1.01 0.029 
% of housing, double glazed 20.31 0.024 
 
* As a % of per capita GNP 
† 60% median equivalised income 


 
Author notes: “The strong, positive 
relation with environmental 
temperature and strong negative 
relation with thermal efficiency 
indicate that housing standards in 
southern and western Europe play 
strong parts in such seasonality.” 
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Conclusion: high seasonal mortality in 
southern and western Europe could be 
reduced through improved 
protection from the cold indoors, 
increased public spending on health 
care, and improved socioeconomic 
circumstances resulting in more 
equitable income distribution. 


108 Hong YC, Rha 
JH, Lee JT, Ha 
EH, Kwon HJ, 
Kim H. Ischemic 
stroke 
associated with 
decrease in 
temperature. 
Epidemiology. 
2003; 14(4): 
473-8.


108
  


To investigate 
the 
association 
between 
ischemic 
stroke onset 
and decrease 
in 
temperature  
 


Case-
crossover 


+ + Incheon, 
Korea: 545 
patients of 
the Inha 
University 
Hospital.  
Conducted 
over a 3-year 
period 
(January 1998 
to December 
2000)  


Ambient 
temperature 
from the 
National 
Meteorologic
al Office 


Ischemic stroke. 
 
Diagnosed with 
brain imaging. 


For each subject, 
the case period was 
matched to 2 
control periods 
exactly 1 week 
before and after 
onset of the 
ischemic stroke. 
 
Used conditional 
logistic regression. 
 
In addition to 
temperature, 
relative humidity, 
barometric 
pressure and air 
pollution were 
included as 
continuous 
variables. 
 
Also evaluated the 
effect of 24-hr and 
3-hr average 
temperature on 
stroke onset. 
 
Conducted 
stratified analyses 
by: age, sex, history 
of hypertension or 


Decreased ambient temperature was 
associated with risk of acute ischemic 
stroke. The strongest effect was seen 
on day after exposure to cold weather. 
The odds ratio (OR) for an interquartile 
range decrease in temperature was 2.9 
(95% confidence interval [CI] = 1.5-5.3). 
There was a decreasing effect with 
time. 
 
The risk period was 24-54 hours after 
cold exposure.  
 
Risk estimates associated with 
decreased temperature were greater in 
the winter than in the summer.  
 
Air pollutants were not associated with 
stroke onset. 
 
The following subgroups were more 
susceptible to cold-induced ischemic 
stroke (ORs for one interquartile range 
decrease in temperature, lag of 1 day, 
controlled for humidity and pressure): 
 
Women: 3.74 (1.37,10.19) 
People aged over 65: (4.04 (1.48,11.04) 
Previous hypertension: 3.33 (1.53, 
7.26) 
Previous hypercholesterolemia: 9.37 
(1.51, 58) 
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hypercholesterolem
ia and obesity. 


Not obese: 3.66 (1.73, 7.73) 
 
Authors’ conclusions: stroke 
occurrence rises with decreasing 
temperature; even a moderate 
decrease in temperature can increase 
the risk of ischemic stroke. 
 


109 Johnson H, 
Griffiths C. 
Estimating 
excess winter 
mortality in 
England Wales. 
Health stat. 
2003; 20: 19-
24.


109
  


To examine 
the method of 
calculating an 
excess winter 
mortality 
(EWM)  


Analysis of 
routine 
mortality data 


+ ++ England and 
Wales 


Season Mortality Descriptive analyses 
of seasonal excess 


Over the last 50 years, in December to 
March, mortality levels have remained 
above average, and in May to October 
mortality has been consistently below 
average.  
 
Although year-on-year variability - 
which is most pronounced in the 
winter months - remains, there has 
been a steady log-linear decline in 
EWM. 
 
 In general, the current method used 
by the Office for National Statistics 
(ONS) of estimating the EWM gives 
similar results to those of other 
methods of calculating EWM over the 
last 50 years. However, due to the 
year-on-year variability seen in 
seasonal mortality, mortality can also 
be above average in the autumn or 
spring. Where these periods are 
included in the comparison period for 
EWM calculations - as with the current 
ONS method - this has the effect of 
decreasing the EWM estimate. As well 
as examining EWM trends in England 
and Wales, the authors look at cause-
specific patterns for deaths over the 
period 1993-2001 


Methods for calculating EWM are 
not given error or confidence 
intervals. Comparison of difference 
analytical methods only. 
 
Study results reflect observed 
trends for different diseases and 
different methods of estimating 
EWM, no confounding effects such 
as influenza are considered. 
 
Highly applicable to England and 
Wales 


110 O'Neill MS, 
Zanobetti A, 


To examine 
effect 


Time series ++ ++ Seven US 
cities 1986-


Mean daily 
apparent 


Mortality (ICD9 
codes 1–799) 


City-specific Poisson 
regression analyses 


Percentage change in mortality was 
calculated at 29 degrees C apparent 
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Schwartz J. 
Modifiers of the 
temperature 
and mortality 
association in 
seven US cities. 
Am J Epidemiol. 
2003; 157(12): 
1074-82.


110
  


modification 
of heat- and 
cold-related 
mortality 


1993. temperature 
(a construct 
reflecting 
physiologic 
effects of 
temperature 
and humidity) 
calculated 
from data 
from local 
meteorologic
al monitoring 
stations 
 
 


excluding 
accidental causes 


of daily non-injury 
mortality were fit 
with predictors of 
mean daily 
apparent 
temperature 
 
Confounder control 
Time, barometric 
pressure, day of the 
week, and PM10 


temperature (lag 0) and at -5C (mean 
of lags 1, 2, and 3) relative to 15C. 
Percentage change in total daily 
mortality associated with a –5°C 
apparent temperature: 10.1 (CI 95%, 
7.0, 13.3), and with a 29°C apparent 
temperature: 5.0 (CI 95% 3.1, 7.0). 
 
Separate models were fit to death 
counts stratified by age, race, gender, 
education, and place of death. Effect 
estimates were combined across cities, 
treating city as a random effect. Deaths 
among Blacks compared with Whites, 
deaths among the less educated, and 
deaths outside a hospital were more 
strongly associated with hot and cold 
temperatures, but gender made no 
difference. Stronger cold associations 
were found for those less than age 65 
years, but heat effects did not vary by 
age. The strongest effect modifier was 
place of death for heat, with out-of-
hospital effects more than five times 
greater than in-hospital deaths, 
supporting the biologic plausibility of 
the associations. Place of death, race, 
and educational attainment indicate 
vulnerability to temperature-related 
mortality, reflecting inequities in health 
impacts related to climate change. 


111 Sullivan S, 
Somerville M, 
Hyland M, 
Barton A, on 
behalf of the 
Torbay Healthy 
Housing Group. 
The Riviera 
Housing and 


To examine 
the extent of 
the 
relationship 
between 
physical and 
emotional 
health and 
housing 


(Postal) 
survey of 
housing 
residents 


- + All 
households 
owned by the 
Riviera 
Housing Trust, 
Torbay, South 
Devon 
 
Responses 


Questionnaire 
elicited 
information 
on both the 
physical 
conditions in 
dwelling and 
the physical 
and mental 


Illnesses, GHQ12 
score, EuroQol 
score and 
symptom score. 


ANOVA Poor housing conditions were 
associated with poor mental health 
and well-being, but not with minor 
illnesses or physical conditions. 
 
27% of residents said they lived in a 
dwelling that was often or always too 
cold. 
 


The symptoms of individuals and 
conditions of the housing and 
household characteristic were self-
reported, and so may be 
misclassified or under or 
overreported. The study population 
is much sicker and poorer than the 
wider population, and the housing 
studied has often been allocated 
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Health Survey. 
Kendall: EAGA 
Charitable 
Trust; 2003.


111
  


conditions from 1053 
(38%) 
household 
and 2219 
individuals 
(total 
population of 
individuals 
within the 
housing is 
unknown) 


health of its 
occupants. 
 
Questions for 
residences 
were used to 
determine  
usual 
temperature, 
visible mould, 
and damp. 
 
Questions for 
households 
were used to 
determine 
number in 
household, 
age, health, 
employment 
status, and 
benefits. 
 
Questions for 
individuals 
were used to 
determine 
smoking, 
drinking, 
overall health 
(EuroQoL), 
and 
emotional 
health 
(GHQ12). 
 
The three 
housing 
conditions 
alongside 


Significant relationships were observed 
between cold homes and asthma 
(p=0.003), angina (p<0.001), diabetes 
(p<0.001), stroke (p=0.012), high blood 
pressure (p<0.001), anxiety/depression 
(p<0.001), headache (p<0.001), 
arthritis/rheumatism (p<0.001), and 
GHQ score (p<0.001). However, when 
other interactions were accounted for, 
there was no significance. 


on a medical priority basis. The 
elderly in the study are less likely to 
live in substandard housing. The 
behaviour of individuals within 
dwellings is not accounted for – 
such as indoor cold due to smokers 
opening windows while smoking. 
There were a large number of non-
respondents, and a small sample 
size. 
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smoking and 
drinking were 
treated as 
confounding 
factors in the 
relationship 
between 
housing and 
health. 


Continued…  
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Appendix 5 table continued: 2002 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2002           
112 Braga AL, 


Zanobetti A, 
Schwartz J. The 
effect of 
weather on 
respiratory and 
cardiovascular 
deaths in 12 
U.S. cities. 
Environ Health 
Perspect. 2002; 
110(9): 859-
63.


112
  


To estimate 
the acute 
effects and 
the lagged 
influence of 
weather 
(temperature 
and humidity) 
on respiratory 
and 
cardiovascular 
disease (CVD) 
deaths. 
 
 


Time series ++ ++ Population of 
12 U.S. cities 
from 1986-
1993. 


Daily average 
ambient 
temperature 
and humidity 
from the 
nearest 
airport 
station.   
 
Also included 
the role of 
other possible 
“predictors”: 
prevalence of 
air 
conditioning, 
variance of 
summer and 
winter 
temperature, 
background 
mortality rate, 
percentage  of 
the 
population 
with a college 
degree, 
percentage 
non-white, 
percentage 
unemployed, 
percentage 
below the 
poverty line, 
city size, 
mean 


Daily counts of 
deaths from 
pneumonia, 
chronic 
obstructive 
pulmonary 
disease (COPD), 
all cardiovascular 
diseases (CVD) 
and myocardial 
infarction(MI).   
 
Data from the 
National Center 
for Health 
Statistics. 
 
 


Generalized 
additive Poisson 
regressions for each 
city using 
nonparametric 
smooth functions to 
control for long-
term time trend, 
season and 
barometric 
pressure.  Also 
controlled for day 
of the week.  
 
Distributed lag 
model to estimate 
the effect and the 
lag structure of 
both temperature 
and humidity. 
 
The other  
predictors were 
included as a 
second stage 
analysis with an 
ecological 
regression. 


In cold cities, heat and cold were 
associated with increased CVD deaths. 
In general, cold effects persisted for 
days, while heat effects were restricted 
to the day of death or the day before.   
 
For myocardial infarctions (MI), the 
effect of hot days was twice as large as 
the cold-day effect (6% and 3% 
increases in daily deaths), whereas for 
all CVD deaths the hot-day effect was 
five times smaller than the cold-day 
effect (1% and 5%, respectively).  The 
effect of hot days included some 
harvesting.  In terms of respiratory 
diseases, only heat increased COPD 
deaths (by 25%), whereas both 
affected pneumonia.   
 
In hot cities, neither hot nor cold 
temperatures had much effect on CVD 
or pneumonia deaths. However, for MI 
and COPD, there were lagged effects of 
heat. 
 
No consistent pattern for humidity. 
 
None of the predictors significantly 
modified the effects of hot or cold days 
on CVD deaths, except that for both 
COPD and pneumonia, variance in 
summer temperature was associated 
with increased heat effects (estimated 
at 30ᵒC). The increases were 42.76% 
(4.54,94.94) for COPD and 28.01% 
(3.96,57.63) for pneumonia.  The 
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population 
age.  Data 
taken from 
survey and 
census data. 


variance of winter temperature was 
similarly associated with cold deaths 
(estimated at -10ᵒC). Increases were 
25.86% (-1.12,60.20) and 12.57% 
(2.87,23.19) respectively in COPD and 
pneumonia. 
 
Authors suggest that increased 
temperature variability is the most 
relevant change in climate for the direc 
effects of weather on respiratory 
mortality. 
 
Analysis of climate change impacts 
should take into account regional 
weather differences 


113 Chesser TJ, 
Howlett I, Ward 
AJ, Pounsford 
JC. The 
influence of 
outside 
temperature 
and season on 
the incidence of 
hip fractures in 
patients over 
the age of 65. 
Age Ageing 
2002;31(5):343-
8.


113
  


To determine 
whether the 
incidence of 
fractures 
altered with 
the daily 
temperature, 
seasons or 
months of the 
year 


Observational 
study: 
consecutive 
case series 


++ ++ 818 patients, 
>= 65 years, 
who 
presented to 
one district 
general 
hospital 
(Frenchay), 
Bristol, with 
fracture of 
the proximal 
femur. Over a 
five-year 
period we 
studied 


Month of 
year; location-
specific max 
and min daily 
temperature 
grouped into 
5 deg C bands 


 Fracture of the 
proximal femur 


 Length of 
hospital stay 


Descriptive analysis: 
presentation rates 
and length of stay 
in relation to 
month, season, 
temperature 


(1) No statistically significant 
differences in the daily rate of fractures 
across temperature ranges for either 
max or min temperature, or by month 
of year. 
 
Mean fractures per season: 
Winter (DJF): 39.6 
Spring (MAM): 40 
Summer (JJA): 44.2 
Autumn (SON): 39.6 
 
(2) No statistically significant difference 
in the characteristics of patients (age, 
sex, pre-injury mobility, residence, 
functional and mental scores) 
presenting in different seasons or 
temperature ranges.  
 
(3) Patients presenting in winter 
months had a significantly longer 
inpatient stay 
 


Reviewer comment: 
No denominator shown to 
calculate rates for temp bands; 
non-parametric tests of association  
 
Author suggests winter length of 
stay may have been due to the 
strain on the social services in 
winter. 


114 Curriero FC, To investigate Time-series ++ ++ 11 large Daily mean All-cause and For each city, a Current and recent days' temperatures  
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Heiner KS, 
Samet JM, 
Zeger SL, Strug 
L, Patz JA. 
Temperature 
and mortality in 
11 cities of the 
eastern United 
States. Am J 
Epidemiol. 
2002; 155(1): 
80-7.


114
  


the 
association 
between 
temperature 
and mortality 
across a range 
of less 
extreme 
temperatures 
in 11 US 
cities, and to 
explore city-
specific 
factors that 
might explain 
variations in 
the 
association. 


eastern US 
cities in 1973-
1994 


temperature 
and dew point 
 
Explored 
impact of city-
specific 
characteristics
, in addition 
to latitude, 
including the 
percentage 
of: 
1 elderly 
2 elderly and 
disabled 
3 adults 
without a high 
school degree 
4 living in 
poverty 
5 homes with 
air 
conditioning  
6 homes with 
heating 
 
Also looked at 
associations 
stratified by 
age. 


cause-specific 
(cardiovascular, 
respiratory and 
other) mortality.  
External causes 
excluded. 


Poisson regression 
general additive 
model was fit to 
estimate the 
weather-mortality 
relation.   
 
Nonparametric 
functions used to 
describe non-linear 
relations. 
 
Explored multiple 
lags and degrees of 
freedom to control 
for calendar time. 
 
In the second stage 
of analysis, used a 
random effects 
linear regression 
model to 
summarize each 
city’s weather -
mortality relation; 
determined the 
minimum mortality 
temperature and 
the average cold 
and hot slope while 
exploring variation 
due to city-specific 
characteristics. 


were the weather components most 
strongly predictive of mortality, and 
mortality risk generally decreased as 
temperature increased from the 
coldest days to a certain threshold 
temperature, which varied by latitude, 
above which mortality risk increased as 
temperature increased.  
 
The same day dew point provided an 
additional explanation for mortality. 
 
As in the models for all-cause 
mortality, mortality risk for 
cardiovascular and respiratory diseases 
decreased as temperature increased, 
but cold slopes were steeper.  Death 
from other causes (mainly cancer) did 
not show this association. 
 
There was a qualitatively similar 
relation between weather and 
mortality for each age group, although 
the temperature effect was smallest 
for the youngest age group (<65) and 
largest for those >75 years. 
 
There was a strong association of the 
temperature-mortality relation with 
latitude, with a greater effect of colder 
temperatures on mortality risk in 
more-southern cities and of warmer 
temperatures in more-northern cities. 
 
Percentage of households with air 
conditioners in the south and heaters 
in the north, which serve as indicators 
of socioeconomic status of the city 
population, also predicted weather-
related mortality. 
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Summary results from regressing the 
cold slopes, hot slopes, and minimum 
mortality temperatures on city-specific 
predictor variables with and without 
adjusting for latitude, United States, 
1973–1994† 
 
Predictor‡ Cold slope§ (SE) MMT 
%65+ 
Unadjusted -3.97* (1.27) 1.66 
Adjusted -3.96* (1.17) 5.34 


%NoHS 
Unadjusted 0.10 (0.83) -5.95 
Adjusted -0.46 (0.71) -3.46 


%Poverty 
Unadjusted 0.03 (0.10)  6.05 
Adjusted -0.39 (0.83) -2.56 


%65+ Disability 
Unadjusted 1.20 (1.70) 0.41 
Adjusted 0.85 (1.48) 6.78 


%Air Cond 
Unadjusted -0.22 (0.22) 2.54* 
Adjusted 0.44 (0.35) 0.46 


%Heating 
Unadjusted 2.38 (1.60) -9.08 
Adjusted 0.74 (1.96) 5.33 
 
* Statistically significant at the p = 0.05 
level. 
† Expressed as log-relative rates 
(
                                                                        
1,000), which are approximately the 
percentage change in mortality per 
10°F (°C = 5/9 
                                                                        
(°F – 32)) per 10-unit change in the 
predictor variable 
The regressions for each predictor 
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were performed both without including 
latitude (unadjusted) and including 
latitude (adjusted) as a second 
predictor. 
‡ Percentage of the population aged 65 
years or more, not completing high 
school, living in poverty, aged 65 years 
or more and disabled, living in homes 
with air-conditioning, and living in 
homes with heating, respectively. 
§ Cold slope = average slope of the 
estimated relative risk curves at 
temperatures lower than MMT. 
 
Effects of weather on mortality 
remained qualitatively consistent over 
the total period of 1973-1994. 


115 Lawlor DA, 
Maxwell R, 
Wheeler BW. 
Rurality, 
deprivation, 
and excess 
winter 
mortality: an 
ecological 
study. J 
Epidemiol 
Community 
Health. 2002; 
56(5): 373-4.


115
  


To assess the 
association 
between 
both rurality, 
and area 
deprivation, 
and excess 
winter 
mortality 
 


Area 
(ecological) 
analysis of 
seasonal ratio 
in mortality 


+ + Population of 
the S West 
region of 
England, 
1994-1998. 
 
Both urban 
and rural 
areas 


Seasonal 
definition 
(seasonality 
ratio). 
 
Modifiers:  
population 
density 
(urban/rural) 
and 
Townsend 
index (s-e 
deprivation) 
both 
calculated 
from 1991 
census small 
area data. 


All-cause 
mortality 


Analysis of age-sex 
standardized 
seasonality ratio. 
 
Examination of 
modification of 
ratio by area 
characteristics 
(urban/rural, 
deprivation) 


Neither rurality nor area deprivation 
were found to be associated with EWD 
 
Urban-rural (population density) 
Quintile Standardized seasonality 
ratio 
1 116.3 (112.4, 120.4) 
2 117.0 (113.8, 120.3) 
3 117.1 (114.5, 119.7) 
4 115.9 (113.7, 118.1) 
5 116.4 (114.5, 118.4) 
(p=0.3 for trend) 
 
Deprivation (Townsend)  
Quintile Standardized seasonality 
ratio 
1 115.3 (112.5, 118.2) 
2 116.7 (113.8, 119.6) 
3 118.0 (115.3, 120.8) 
4 116.5 (114.1, 119.0) 
5 115.9 (113.8, 118.0) 
(p=0.6 for trend) 
 


 
 
Authors note that Townsend score 
used here may be a weak  measure 
of area deprivation  
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Authors conclude that: “neither rurality 
nor area deprivation are importantly 
associated with excess winter 
mortality. [But that] these results 
cannot be used to suggest that policy 
aimed at reducing fuel poverty and 
improving housing energy efficiency 
might not be appropriately targeted at 
more deprived groups and rural 
populations.” 


116 Mitchell R, 
Blane D, Bartley 
M. Elevated risk 
of high blood 
pressure: 
climate and the 
inverse housing 
law. Int J 
Epidemiol. 
2002; 31(4): 
831-8.


116
  


To investigate 
whether an 
individual's 
risk of 
hypertension 
is associated 
with (a 
'mismatch' 
between) the 
quality of 
their housing 
and the 
climate to 
which they 
have been 
exposed. 
 


Cross-
sectional 
observational 
study 


+ + Britain: data 
from the 5663 
Health and 
Lifestyle 
Survey (HALS) 
participants 
for whom all 
relevant items 
were 
available.  
 
A two-stage 
study design: 
(1) the 
relationship 
between 
exposure to 
colder climate 
and housing 
quality was 
established; 
(2) the impact 
on risk of 
hypertension 
was 
determined 
for level of 
exposure to 
colder climate 
and housing 


(1) Climatic 
exposure to 
cold (based 
on 10 km


2
 


grid climate 
model linked 
to place of 
residence) 
 
(2) A 
dichotomous 
housing 
quality 
variable based 
on 
combination 
of: access to 
an inside WC 
and sharing 
basic 
amenities; 
carbon 
monoxide in 
the (indoor) 
air; heating 
efficiency.  
 
(Heating was 
recorded as 
inefficient 


Systolic 
hypertension; 
diastolic 
hypertension 
(based on 
dichotomous 
classification of  


Multivariable 
logistic regression 


Survey respondents with greater 
exposure to colder climate are more 
likely (1.32, 95% CI: 1.18-1.42) to live in 
poor quality housing than those with 
lower exposure to colder climate. 
 
Risks of systolic and diastolic 
hypertension in relation to climate and 
housing quality are summarized as 
follows:  
 
Relationship between climate, housing 
and risk of being hypertensive.  Odds 
ratios (ORs) for (i) systolic and (ii) 
diastolic hypertension adjusted for: 
age, sex, body mass index (BMI), units 
of alcohol in the previous week, room 
temperature, smoking, whether taking 
anti-hypertensive medication. 
 
Systolic hypertension 
Lower exposure to colder climate, in 
better housing OR 1.00 
Higher exposure to colder climate, in 
better housing OR 1.16 (0.98, 1.36) 
Lower exposure to colder climate, in 
worse housing OR 1.15 (0.94, 1.40) 
Higher exposure to colder climate, in 
worse housing OR 1.25 (1.01, 1.53) 
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quality. 
 


when the 
heating 
system was 
on but room 
temperature 
was below 
15˚C). 
 


Diastolic hypertension 
Lower exposure to colder climate, in 
better housing OR 1.00 
Higher exposure to colder climate, in 
better housing OR 1.17 (0.99, 1.38) 
Lower exposure to colder climate, in 
worse housing OR 1.15 (0.94, 1.40) 
Higher exposure to colder climate, in 
worse housing OR 1.45 (1.18, 1.77) 
 
Authors’ conclusions: there appears to 
be an 'inverse housing law' in Britain, 
whereby longer term residents of 
relatively cold areas are also more 
likely to live in worse quality housing 
and this combination of circumstances 
is associated with significantly higher 
risk of diastolic hypertension.  
 
The findings provide an example of 
how long term exposure to an adverse 
environment, which may stem from 
material disadvantage, can damage 
health. 


117 Stewart S, 
McIntyre K, 
Capewell S, 
McMurray JJ. 
Heart failure in 
a cold climate. 
Seasonal 
variation in 
heart failure-
related 
morbidity and 
mortality. J Am 
Coll Cardiol. 
2002; 39(5): 
760-


117
 


 


To examine 
seasonal 
variation in 
hospitalizatio
ns and deaths 
due to heart 
failure (HF) 
and possible 
contributors 
to such 
variability 


Analysis of 
seasonal 
trends in 
admissions 
and deaths 


+ ++ Scotland, 
population 
study (using 
individualized 
morbidity and 
mortality 
from the 
linked 
Scottish 
Morbidity 
Record 
scheme), 
1990 and 
1996 


Seasonal 
(month) 
definition 


Hospitalization 
and death due to 
acute or 
congestive heart 
failure; other 
discharge 
diagnose also 
analysed 
(respiratory 
disease, AMI, 
other) 


Analysis of seasonal 
(month) variation, 
by age, sex, cause 


Admission rate 
 July   Dec 
F 7% below  12% 
above  year ave  year ave 
OR 1.14, p<0.001 
 
M 8% below  6% above 
 Year ave  year ave 
OR 1.16, p<0.001 
 
Greatest seasonal (monthly) variation 
occurred in those aged >75 years---
peak winter rates being 15% to 18% 
higher than average. 
 
Winter peak in concomitantly coded 


Authors note: 
“There  is substantial seasonal 
variation in HF hospitalizations and 
deaths, particularly in the elderly. 
Approximately one-fifth of the 
winter excess in admissions is 
attributable to respiratory disease. 
Extra vigilance in patients with HF 
is advisable in winter, as is 
immunization against 
pneumococcus and influenza.” 
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respiratory disease; this seasonal 
excess accounted for approximately 
one-fifth of the winter increment in HF 
hospitalizations. 
 
Seasonal variation in mortality was also 
seen in these patients. The number of 
male deaths in December was 16% 
higher, and in July 7% lower, than 
average (OR 1.25, p < 0.001). In 
women, the equivalent figures were 
21% higher (January) and 14% lower 
(July) (OR 1.21, p < 0.001). Again, the 
greatest variation occurred in those 
aged >75 years---peak rates being 23% 
to 35% higher than average. 


Continued…  
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Appendix 5 table continued: 2001 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2001           
118 Aylin P, Morris 


S, Wakefield J, 
Grossinho A, 
Jarup L, Elliott 
P. Temperature, 
housing, 
deprivation and 
their 
relationship to 
excess winter 
mortality in 
Great Britain, 
1986-1996. Int J 
Epidemiol. 
2001; 30(5): 
1100-8.


118
  


To examine 
the 
associations 
between 
temperature, 
housing, 
deprivation 
and excess 
winter 
mortality 
using census 
variables as 
proxies for 
housing 
conditions. 


Small area 
ecological 
study at 
electoral ward 
level.  


+ ++ Men and 
women aged 
65 and over: 
Great Britain, 
1986-1996. 


Winter 
season: 
defined by 
month (Dec – 
Mar). 
 
 
 
 


Deaths from all 
causes ([ICD-9] 
codes 0-999), 
coronary heart 
disease (ICD-9 
410-414), stroke 
(ICD-9 430-438) 
and respiratory 
diseases (ICD-9 
460-519). 
 
Odds of death 
occurring in 
December to 
March compared 
to the rest of the 
year. 


Analysis of the ratio 
of deaths in 
winter/non-winter 
months, and its 
variation with age, 
mean winter 
temperature, and 
area-based  
(electoral ward) 
markers of 
deprivation and 
central heating. 


A trend of higher excess winter 
mortality with age was apparent across 
all disease categories (P < 0.01).  
 
1.5% higher odds of dying in winter for 
every 1 degrees C reduction in 24-h 
mean winter temperature. The amount 
of rain, wind and hours of sunshine 
were inversely associated with excess 
winter mortality.  
 
Selected housing variables derived 
from the English House Condition 
Survey showed little agreement with 
census-derived variables at electoral 
ward level.  
 
For all-cause mortality there was little 
association between deprivation and 
excess winter mortality (e.g. all cause 
mortality by Carstairs index OR=0.99; 
similar findings for CHD, stroke, 
respiratory disease). 
 
Lack of central heating was associated 
with a higher risk of dying in winter 
(odds ratio [OR] = 1.016 (1.009-1.022). 
 


Ecological study 
 
Reviewers disagreed on external 
validity score: changed from + to ++ 


119 Donaldson GC, 
Rintamaki H, 
Nayha S. 
Outdoor 
clothing: its 
relationship to 
geography, 
climate, 


To examine 
(a) what are 
the 
determinants 
of regional 
variation in 
clothing worn 
outdoors  


Inter-country 
(ecological) 
comparison of 
survey data 


+ + Survey data 
(of 6583 
people) from 
eight regions 
of Europe: 
Samples 
divided by sex 
and age (50-


From survey 
and routine 
sources: 
(a)  cold, 
wind, less 
physical 
activity and 
longer periods 


(a) clothing 
(b) Indices of 
cold-related 
mortality 


(a) ANCOVA of 
clothing Vs  
(b) Correlation of 
patterns of clothing 
with indices of cold-
related mortality 


Across Europe, the total clothing worn 
(as assessed by dry thermal insulation 
and numbers of items or layers) 
increased significantly with cold, wind, 
less physical activity and longer periods 
outdoors.  
 
Men wore 0.14 clo (1 clo = 0.115 m2 K 
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behaviour and 
cold-related 
mortality in 
Europe. Int J 
Biometeorol. 
2001; 45(1): 45-
51.


119
  


 


and 
(b) whether 
wearing more 
clothing is 
associated 
with lower 
cold-related 
mortality  
 
 


59 and 65-74 
years). 


outdoors. 
(b) Clothing 
parameters: 
thermal 
insulation 
properties, 
number of 
layers and 
type  


W-1) more than women and the older 
people wore 0.05 clo more than the 
younger group (both P < 0.001).  
 
Regional differences in clothing after 
allowance for these factors were 
correlated (r = -0.74, P = 0.037; r = -
0.74, P = 0.036 respectively), but not 
those in clothing layers (r = -0.21; P = 
0.61), with indices of cold-related 
mortality.  
 
Cold weather most increased the 
wearing of gloves, scarves and hats. 
The geographical variation in the 
wearing of these three together items 
more closely matched that in cold-
related mortality (r = -0.89, P = 0.003).   


120 Huynen MM, 
Martens P, 
Schram D, 
Weijenberg MP, 
Kunst AE. The 
impact of heat 
waves and cold 
spells on 
mortality rates 
in the Dutch 
population. 
Environ Health 
Perspect. 2001; 
109(5): 463-
70.


120
  


To investigate 
the impact of 
ambient 
temperature 
on mortality, 
specifically 
the impact of 
heat waves 
and cold 
spells, and the 
possibility of 
forward 
displacement 
of mortality. 


Time series ++ ++ The 
Netherlands, 
1979-1997, 


Ambient 
temperature 
(daily mean) 


Mortality: total 
and by cause – 
malignant 
neoplasm, 
cardiovascular, 
respiratory 


Poisson log-linear 
regression  
controlling for time 
trend and season. 


There was a V-like relationship 
between mortality and temperature, 
with a lowest mortality rate at 16.5 
degrees C for total mortality, 
cardiovascular mortality, respiratory 
mortality, and mortality among those 
>=65 years.  
 
For mortality due to malignant 
neoplasms and mortality in the 
youngest age group, the optimum 
temperatures were 15.5 degrees C and 
14.5 degrees C, respectively.  
 
The increase in mortality for each 
degree Celsius decrease below the 
optimum (lowest mortality) 
temperature in the preceding month 
was: 
malignant neoplasms 0.22% 
cardiovascular disease 1.69% 
respiratory diseases 5.15% 
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total mortality  1.37%,  
 
The average excess mortality during 
the cold spells was 12.8%, mostly 
attributable to the increase in 
cardiovascular mortality and mortality 
among the elderly.  
 
No clear evidence of cold-induced 
forward displacement of deaths. 


121 Nafstad P, 
Skrondal A, 
Bjertness E. 
Mortality and 
temperature in 
Oslo, Norway, 
1990-1995. Eur 
J Epidemiol. 
2001; 17(7): 
621-7.


121
  


To determine 
the 
associations 
between 
temperature 
and daily 
mortality  


Time series + + Oslo, Norway, 
1990-1995 


Ambient 
(outdoor)  
temperature, 
relative 
humidity, 
wind velocity 
and air 
pollution 
(NO2). 
Averaged 
over several 
days and lags 
were also 
considered. 


Mortality from all 
diseases; 
mortality from 
respiratory 
diseases; 
mortality from 
cardiovascular 
diseases; 
mortality from 
gastrointestinal 
diseases as a 
control 


Time series counts 
performed using 
generalized additive 
models 
with log link and 
Poisson error. 
Frequency 
distributions of 
dose-response 
curves were used to 
estimate relative 
risk using Poisson 
regression. 
Influenza was 
included as a 
dummy variable. 
 
Confounding effects 
of air pollution 
considered. 


At temperatures below 10 degrees C, a 
1 degrees C fall in the last 7 days 
average temperature increased the 
daily mortality from all diseases by 
1.4%, respiratory diseases 2.1%, and 
cardiovascular diseases 1.7%. Above 10 
degrees C, there was no statistically 
significant increase in daily mortality, 
except for respiratory mortality, which 
increased by 4.7% per 1 degrees C 
increase in the last 7 days average 
temperature.  
 
Relative risk (total) 
T <10 C (7 day lag)  (0.986, 0.981–
0.991) 
Respiratory diseases 
T <10 C (7 day lag)  (0.979, 0.966–
0.992) 
Cardiovascular diseases 
T <10 C (7 day lag)  (0.983, 0.976–
0.990) 
 
Daily mortality in Oslo increases with 
temperatures falling below 10 degrees 
C. The increase starts at lower 
temperatures than shown in warmer 
regions of the world, but at higher 
temperatures than in regions with even 
colder climates.  


Majority of mortality was in the 
elderly population. Location of 
mortality (in homes, outside, or in 
hospital) was not taken into 
account. Confounding effects of 
seasonal mortality not included. 
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As well insulated and heated dwellings 
are standard in Norway today, more 
adequate clothing during outdoor visits 
is probably the most important 
preventive measure for temperature 
related mortality. 


122 van Rossum CT, 
Shipley MJ, 
Hemingway H, 
Grobbee DE, 
Mackenbach JP, 
Marmot MG. 
Seasonal 
variation in 
cause-specific 
mortality: are 
there high-risk 
groups? 25-year 
follow-up of 
civil servants 
from the first 
Whitehall study. 
Int J Epidemiol. 
2001; 30(5): 
1109-16X.


122
  


To determine 
the seasonal 
effect on all-
cause and 
cause-specific 
mortality and 
to identify 
high-risk 
groups. 


Cohort follow-
up study 


+ ++ London, 
England: 25-
year follow-
up of 19,019 
male civil 
servants aged 
40-69 years. 


Seasonal 
definition 
 
Potential 
effect 
modifiers age, 
employment 
grade, blood 
pressure, 
cholesterol, 
forced 
expiratory 
volume, 
smoking, 
diabetes, pre-
existing 
disease status 


Mortality Regression analysis Participants at high risk based on age, 
employment grade, blood pressure, 
cholesterol, forced expiratory volume, 
smoking and diabetes did not have 
higher seasonal mortality. 
 
Participants with ischaemic heart 
disease at baseline did have a higher 
seasonality effect  
 
Baseline IHD status      Rel risk (95% CI) 
With IHD  1.38 ( 1.2, 1.6)  
Wiithout IHD 1.18 (1.1, 1.3) 
(P = 0.03) 
 
Authors’ conclusions: seasonal 
mortality differences were greater 
among those with prevalent ischaemic 
heart disease and at older ages, but 
were not greater in individuals of lower 
socioeconomic status or with a high 
multivariate risk score. Since seasonal 
differences showed no evidence of 
declining over time, elucidating their 
causes and preventive strategies 
remains a public health challenge. 


 


123 Watkins SJ, 
Byrne D, 
McDevitt M. 
Winter excess 
morbidity: is it a 
summer 
phenomenon? 


To test the 
prediction 
that winter 
excess 
morbidity 
would be 
observable 


Analysis of 
routine health 
services 
hospital 
admissions 
data 


- + Metropolitan 
Borough of 
Stockport, 
England:  
routine health 
services 
hospital 


Winter and 
summer 
differences 
(ratios). 
 
Data classified 
by ACORN 


Age and sex-
standardized 
hospital 
admission rates 
for ischaemic 
heart disease 


Calculation of 
standardized 
mortality ratios and 
winter/summer 
ratios by ACCORN 
group 


Comparison of the winter summer ratio 
in standard mortality ratio (%) 
 
G Council estates III 98 
F Council estates II 113 
E Council estates I 83 
D Older terraced housing 79 


Author noted limitations 
------------ 
Our present study is not capable of 
doing more than suggest this 
serendipitous hypothesis.  It 
deserves testing in a study 
designed for the purpose.  The new 
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Journal of 
Public Health 
Medicine 
2001;23(3):237-
41.


123
  


and would 
show a social 
class gradient 
with greater 
excesses in 
less affluent 
groups, who 
are less able 
to heat their 
houses or 
whose lack of 
a car exposes 
them more 
frequently to 
outdoor cold 
exposure 


admissions 
data, 
 


group for area 
of residence  
 
The authors 
speculative 
that winter 
excess 
morbidity is a 
feature of 
health 
benefits 
derived in the 
summer and 
differentially 
available to 
the more 
affluent, such 
as 
opportunities 
for outdoor 
leisure. 
 


C Older intermediate housing 88 
B Higher income family housing 108 
I High-status non-family areas 108 
K Better off retirement areas 202 
J Affluent suburban housing 99 
 
 
Winter excess 
 Standardized rate 
G Council estates III -0.07 
F Council estates II +0.82 
E Council estates I -0.38 
D Older terraced housing -0.63 
C Older intermediate housing -0.11 
B Higher income family housing +0.59 
I High-status non-family areas +0.57 
K Better off retirement areas +3.65 
J Affluent suburban housing +0.16 
 
Affluent groups showed winter excess 
morbidity, less affluent groups showed 
“summer excess morbidity.” 
 
 


serendipitous hypothesis is not 
entirely satisfactory as an 
explanation of existing data.  
 


124 Wilkinson P, 
Landon M, 
Armstrong B, 
Stevenson S, 
Pattenden S, 
McKee M, et al. 
Cold Comfort: 
The social and 
environmental 
determinants of 
excess winter 
deaths in 
England, 1986-
96: Policy press 
Bristol; 2001.


124
  


 


To examine 
whether 
vulnerability 
to winter 
death is 
related to 
housing 
quality and 
home heating 


Seasonal 
analysis 
(winter: non-
winter) and 
its variation 
by area 
characteristics 


+ + Population 
mortality 
data, England, 
1986-1996: 
80,331 deaths 
from 
cardiovascular 
disease linked 
by postcode 
of residence 
to data from 
the 1991 
English House 
Conditions 
Survey 


Season 
(winter (Dec-
Mar) vs non-
winter 
months); 
 
Modifiers: 
individual 
level age, sex, 
cause-of-
death; area-
level 
classifiers of 
socio-
economic 
status and  


All-cause 
mortality; deaths 
from 
cardiovascular, 
respiratory and 
other (non cardio-
respiratory) 
disease. 


(1) Analysis of 
seasonal pattern of 
deaths  and its 
variation with 
personal and area 
characteristics;  
 
(2) Daily time-series 
analysis, and test of 
modification of 
cold-mortality 
function by housing 
quality 


Seasonal analyses 
Relative risks (relative to baseline) all-
cause deaths: unadjusted analyses 
Age (unadjusted) 
0-44 1 
45-64 1.17  (1.03 – 1.34) 
65-74 1.20  (1.05 – 1.36) 
75-84 1.21  (1.07 – 1.38) 
85+ 1.28  (1.13 – 1.46) 
(p<0.001 for trend) 
 
Sex (unadjusted) 
M 1 
F 1.03  (1.02 – 1.05) 
(p=0.09) 
 


Cross sectional study linking EHCS 
dwellings and postcode mortality 
data.  Confounders included both 
dwelling characteristics and socio-
economic factors.  Confounding of 
seasonal influenza was not 
accounted for, but a good 
association with indoor 
temperatures and dwelling energy 
efficiency was found. 
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housing 
quality   


Socio-economic groups of head of 
household (unadjusted) 
Professional 1 
Managerial 0.96  (0.85 – 1.07) 
Intermed non-manl 0.93  (0.82 – 1.05) 
Junior non-manual 0.95  (0.84 – 1.08) 
Skilled manual 0.93  (0.84 – 1.04) 
Semi-skilled 0.94  (0.84 – 1.05) 
Unskilled  0.92  (0.82 – 1.05) 
(p>0.2 for trend) 
 
SAP rating of energy efficiency 
(unadjusted) 
Q1:  51- (most eff) 1 
Q2:  41-  1.03  (0.97 – 1.09) 
Q3:  32-  1.06  (1.00 – 1.13) 
Q4:  ≤31 (least eff) 1.05  (0.99 – 1.11) 
(p=0.05 for trend) 
 
Quartile of indoor temp (unadjusted) 
Q 1 (warmest) 1 
Q 2  1.11  (1.02 – 1.22) 
Q 3  1.04  (0.94 – 1.14) 
Q 4 (coolest)  1.20  (1.09 – 1.32) 
(p=0.002 for trend) 
 
Multi-variable adjusted all-cause 
deaths 
Property age (adj for age, sex, socio-
economic group and central heating): 
Pre 1850  1 
1850-99  0.97 (0.83 – 1.12) 
1900-18  0.93 (0.80 – 1.09) 
1919-44  0.96 (0.83 – 1.11) 
1945-64  0.96 (0.83 – 1.11) 
1965-80  0.87 (0.75 – 1.01) 
Post 1980 0.82 (0.68 – 0.98) 
(p=0.001 for trend) 
 
Daily time-series 
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Seasonal fluctuation and cold-mortality 
relationship greater in homes predicted 
to have low winter indoor 
temperatures, though the variation 
between the warmest and coldest 
houses was fairly small.   
 
Effects of temperature on 
cardiovascular death, and the 
modification of these effects by home 
heating 
Quintile of stnd’ized   Percent increase 
indoor temp (SIC)       in mortality per 
(deg C)       deg C fall in 
       outdoor temp 
1    <14.8  2.2 (0.6, 3.9) 
2    14.8-   1.1 (-0.5, 2.8) 
3    16.6-   1.2 (-0.5, 2.9) 
4    18.4-   1.3 (-0.4, 3.0) 
5    19.4-  -0.1 (-1.7, 1.5) 
Trend (change per deg C increase in 
SIC): -0.13% (-0.26, -0.00) 
(p=0.04 for trend) 


Continued…  
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Appendix 5 table continued: 2000 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


2000           
125 Bulajic-Kopjar 


M. Seasonal 
variations in 
incidence of 
fractures 
among elderly 
people. Inj Prev. 
2000; 6(1): 16-
9.


125
  


To investigate 
seasonal 
variations in 
the incidence 
of fall related 
fractures 
among people 
65 years and 
older. 


Prospective, 
population 
based cohort 


+ + Population 
cohort of 
people aged 
65 years and 
older in three 
urban areas in 
Norway 
(Stavanger, 
Trondheim, 
and Harstad) 
and their 
surrounding 
communities, 
1990 to 1997 
(a total of 
459,904 
person years).  
 
Cases were 
identified 
through a 
prospective 
registration 
system. 
 


Cold season 
(October 1


st
 


to 31th 
March) and 
warm season 
(1


st
 April to 


30
th


 
September). 


Fall-related 
fractures 
(classified as hip, 
arm or other). 
Those caused by 
motor vehicle 
crashes and 
occupational 
injuries are 
excluded. 


Fall-related fracture 
rates were 
calculated by age 
(65-79, and over 
80), sex, and nature 
of injury according 
to ICD-code.  
 
The contribution of 
icy and slippery 
conditions 
to the incidence of 
injuries was 
analysed 
by classifying cases 
in those caused by 
slipping 
on ice and snow 
and those due to all 
other 
mechanisms. 


There were 10,992 (2390 per 100,000 
person years) fall related fractures.  
 
The risk was higher in the colder 
seasons (October through March) 
among people aged 65-79 years 
(relative risk (RR) = 1.39, 95% 
confidence interval (CI) 1.32 to 1.47) 
and in people aged 80 years and older 
(RR = 1.17, 95% CI 1.09 to 1.22). 
 
Slipping on ice and snow seems to 
explain the excessive incidence of hip 
and arm fractures during winter 
months. 
 
Incidence of fractures by nature of 
injury, age, sex, and season 
 Incidence/ 10^5 person-years 
 Winter Summer 
 Incidence rate ratio (95% CI)
 [PAR %] 
Women 
65–79 years 
Hip  820 684 
  1.20 (1.08 to 1.33)  [9] 
Arm  1473  872 
  1.69 (1.55 to 1.84) [26] 
Other 560  478  
 1.17 (1.04 to 1.33)  [8] 
Any 2853 2035 
  1.40 (1.32 to 1.49) [17] 
>80 years 
Hip 3235 3056 
  1.06 (0.98 to 1.15) [3] 
Arm  1544  1247 


Cases were missed if they were 
treated outside of the registration 
system. Injuries may be over-
reported (wrongly attributing 
injuries to slipping on ice), or 
under-reported (failing to describe 
them properly).  
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  1.24 (1.10 to 1.40) [11] 
Other 813 618  
 1.31 (1.11 to 1.56) [14] 
Any 5592  4922 
  1.14 (1.07 to 1.21)  [6] 
 
Men 
65–79 years 
Hip 418  293 
  1.42 (1.20 to 1.70) [18] 
Arm 357  211  
 1.69 (1.39 to 2.05) [26] 
Other 270  262 
  1.03 (0.85 to 1.25) [1] 
Any 1044  766  
 1.36 (1.22 to 1.52) [15] 
>80 years 
Hip 1769 1571  
 1.13 (0.96 to 1.32) [6] 
Arm 527 346 
 1.52 (1.10 to 2.09) [21] 
Other 522 379  
 1.38 (1.01 to 1.88) [16] 
Any 2819 2297  
 1.23 (1.08 to 1.40) [10] 
 
Authors’ conclusion: season affects the 
incidence of all types of fractures in 
elderly people. Slipping on ice and 
snow seems to be a causal mechanism 
behind the seasonal effect. Preventive 
measures targeting this causal 
mechanism are likely to reduce the risk 
of fracture, but the size of the effect is 
difficult to estimate with certainty. 


126 Clinch JP, Healy 
JD. Housing 
standards and 
excess winter 
mortality. J 


To propose an 
hypothesis 
between poor 
housing 
standards (in 


Two country 
ecological 
comparison 


- + Ireland and 
Norway 


Country 
comparison 


Excess winter 
mortality 


Informal 
comparison of 
excess winter 
mortality and other 
parameters in the 


Mean mortality rates:  
   Ireland (95% CI)   
  Norway (95% CI) 
Proportionate mortality from 
cardiovascular disease (%) 


 
Hypothesis paper with very limited 
analytical basis: simple ecological 
comparison. 
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Epidemiol 
Community 
Health. 2000; 
54(9): 719-
20.


126
  


terms of 
thermal 
efficiency and 
heating 
systems) and 
high rates of 
excess winter 
mortality in 
Ireland  


two countries  46.2 (45.34, 47.06) 
 46.2 (45.26, 47.14) 
Proportionate mortality from 
respiratory disease (%) 
 13.8 (13.36, 14.24) 
  9.9 (9.36, 10.44) 
Crude mortality from cardiovascular 
disease per 1000 population 
  4.1 (3.94, 4.26) 
  4.9 (4.76, 5.14) 
Crude mortality from respiratory 
disease per 1000 population 
 1.3 (1.25, 1.35) 
  1.1 (1.03, 1.17) 
Excess winter deaths per day from 
cardiovascular disease  
 39.6 (32.59, 46.61) 
  6.3 (5.39, 7.21) 
Excess winter deaths per day from 
respiratory disease 
 24.3 (20.08, 28.52) 
  4.3 (3.32, 5.28) 
Relative excess winter mortality from 
cardiovascular disease  
 0.25 (0.21, 0.29) 
 0.12 (0.10, 0.14) 
Relative excess winter mortality from 
respiratory disease 
 0.57 (0.46, 0.68) 
 0.4 (0.32, 0.48) 
 
Authors’ conclusion: while Norway and 
Ireland exhibit similar (crude and 
proportionate) rates of mortality from 
cardiovascular and respiratory disease, 
relative excess winter mortality from 
cardiovascular disease in Ireland is 2.1 
times that in Norway and for 
respiratory disease it is 1.4 times the 
Norwegian figure. A possible significant 


The study method does not 
attempt to strafiy or adjust for any 
confounders, although a number of 
mentioned in discussion (e.g. 
insulation, indoor temperature and 
diet). 
 
Applicable to UK as Ireland is very 
similar in climate. 
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explanation for this strong seasonality 
in Ireland is that Irish housing 
standards are considerably poorer than 
those in Norway, allowing falls in 
outdoor temperature to have a much 
greater impact on internal 
temperatures. 


127 Gemmell I, 
McLoone P, 
Boddy FA, 
Dickinson GJ, 
Watt GC. 
Seasonal 
variation in 
mortality in 
Scotland. 
International 
Journal of 
Epidemiology 
2000;29(2):274-
9.


127
  


To assess 
seasonal 
variation in 
mortality in 
Scotland, 
1981-1993,  
and its 
association 
with 
socioeconomi
c status and 
outdoor 
temperature. 
 


Seasonal and 
time-series 
analysis 


+ + Scotland, 
1981-1993 


Season 
(Outdoor) 
temperature 


Mortality by 
cause 


Lagged Poisson 
regression analysis 
of numbers of 
deaths and average 
weekly 
temperature with 
adjustment for 
serial 
autocorrelation and 
influenza epidemics 


There was significant seasonal variation 
in weekly death rates with a difference 
of about 30% between a summer 
trough and a winter peak.  
 
This variation was principally 
attributable to respiratory disease, 
cerebrovascular disease and coronary 
artery disease.  
 
Seasonal variation in mortality fell from 
around 38% in 1981-1983 to around 
26% in 1991-1993.  
 
There was no clear evidence of a 
relationship between socioeconomic 
status and seasonal mortality, however 
the extent of the fall in seasonal 
variation was greater in deprived areas 
than in affluent areas.  
 
Overall, a 1 degree C decrease in mean 
temperature was associated with a 1% 
increase in deaths one week later. The 
lag in this relationship varied by cause 
of death and underlying temperature. 
 
Authors’ conclusion: seasonal 
variations in mortality and the 
relationship between temperature and 
mortality are a significant public health 
problem in Scotland. It is likely that the 
strength of this relationship is a result 
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of the population being unable to 
protect themselves adequately from 
the effects of temperature rather than 
the effects of temperature itself. 


128 Keatinge WR, 
Donaldson GC, 
Bucher K, 
Jendritzky G, 
Cordioli E, 
Martinelli M, et 
al. Winter 
mortality in 
relation to 
climate. Int J 
Circumpolar 
Health. 2000; 
59(3-4): 154-
9.


128
  


To compare 
protective 
measures 
against cold in 
seven regions 
of Europe 


Ecological 
country/ 
community-
level) 
comparison 


+ + Men and 
women, 50-59 
and 65-74 
years in north 
Finland, south 
Finland, 
Baden-
Wurttemburg, 
the 
Netherlands, 
London, and 
north Italy (24 
groups), 1988 
to 1992, and 
Athens and 
Palermo, 
1992 


Temperature-
related 
mortality.  
Temperature 
from outdoor 
meteorologic
al monitoring 
stations 


Cause-specific 
mortality 


Analysis of 
variations in 
protective against 
cold outdoor 
temperatures 


Data for the oldest subject group 
studied, aged 65-74, showed that in 
this vulnerable group, high levels of 
protection against indoor and outdoor 
cold at given outdoor temperatures 
were found mainly in countries with 
cold winters, and were associated with 
low levels of excess mortality at a given 
level of outdoor cold.  
 
Regions such as London that had poor 
protection against cold and/or high 
baseline mortalities had higher levels 
of winter excess mortality than 
expected for the coldness of their 
winters. 


 


129 Lawlor DA, 
Harvey D, Dews 
HG. 
Investigation of 
the association 
between excess 
winter mortality 
and socio-
economic 
deprivation. J 
Public Health 
Med. 2000; 
22(2): 176-
81.


129
  


To look at the 
association 
between 
excess winter 
mortality and 
socio-
economic 
deprivation, 
so that policy 
decisions to 
reduce this 
excess 
mortality 
could be 
appropriately 
directed. 


Area 
(ecological) 
comparison of 
excess winter 
death index 


+ + England and 
Wales and 
specific data 
for Bradford 
and 
manufacturin
g districts  


Season – for 
mortality 
 
Effect 
modifier 
‘Super Profile’ 
groups 
derived from 
the 1991 
Census were 
used as a 
measure of 
socio-
economic 
status. 


Age-standardized 
excess winter 
death 


The age-
standardized excess 
winter death index 
(EWDI) was 
calculated for each 
Super Profile group, 
for the population 
of Bradford.  
 
The EWDI was also 
calculated for the 
manufacturing 
districts (ONS area 
classification), a 
relatively deprived 
group and 
compared with that 
in England & Wales. 


No significant trend was found in age-
standardized excess winter mortality 
across the Super Profile groups (C hi-sq 
for trend=0.24;=>.05).  
 
The manufacturing districts had a 
similar EWDI to the national value. 
 
Authors’ conclusion: excess winter 
mortality is not associated with 
deprivation. 


 


Continued…  
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Appendix 5 table continued: 1999 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


1999           
130 Donaldson GC, 


Seemungal T, 
Jeffries DJ, 
Wedzicha JA. 
Effect of 
temperature on 
lung function 
and symptoms 
in chronic 
obstructive 
pulmonary 
disease. Eur 
Respir J. 1999; 
13(4): 844-9.


130
  


To investigate 
whether falls 
in 
environmenta
l temperature 
increase 
morbidity 
from chronic 
obstructive 
pulmonary 
disease 
(COPD).  


Panel study + + Daily lung 
function and 
symptom data 
collected over 
12 months 
from 76 COPD 
patients living 
in East 
London  


Outdoor and 
bedroom 
temperature. 
 
 
Questionnaire
s were 
administered 
which asked 
primarily 
about the 
nature of 
night-time 
heating. 


FEV1 
PEFR 


Panel 
Regression of lung 
function/PEFR on 
outdoor and 
bedroom 
temperature 


A fall in outdoor or bedroom 
temperature was associated with 
increased frequency of exacerbation, 
and decline in lung function, 
irrespective of whether periods of 
exacerbation were excluded.  
 
Forced expiratory volume in one 
second (FEV1) and forced vital capacity 
(FVC) fell markedly by a median of 45 
mL (95% percentile range: -113-229 
mL) and 74 mL (-454-991 mL), 
respectively, between the warmest and 
coolest week of the study.  
 
The questionnaire revealed that 10% 
had bedrooms <13 degrees C for 25% 
of the year, possibly because only 21% 
heated their bedrooms and 48% kept 
their windows open in November.  
 
Temperature-related reduction in lung 
function, and increase in exacerbations 
may contribute to the high level of 
cold-related morbidity from COPD. 


 


131 Gorjanc ML, 
Flanders WD, 
VanDerslice J, 
Hersh J, Malilay 
J. Effects of 
temperature 
and snowfall on 
mortality in 
Pennsylvania. 
Am J Epidemiol. 
1999; 149(12): 


To examine 
the relation 
between 
exposure to 
severe cold 
weather and 
mortality  


retrospective 
study of 


+ + Pennsylvania, 
USA: deaths 
occurring 
during the 
month of 
January from 
1991 to 1996 
classified by 
weather 
division of 
residence and 


"Extreme" 
climatic 
conditions, 
i.e. when 
snowfall was 
greater than 3 
cm and when 
temperatures 
were below -7 
degrees C, 
using 146 


Total and cause-
specific mortality: 
ischaemic heart, 
cerebrovasculara
nd respiratory 
disease 


Using division-days 
as units of 
observation (n = 
1,560) mortality 
rates 
(counts/population) 
were analysed using 
generalized 
estimating 
equations, with 
allowance  for 


Total mortality increased on days of 
"extreme" climatic conditions (rate 
ratio (RR) = 1.27, 95 percent 
confidence interval (CI) 1.12-1.44).  
 
On days of extreme conditions (vs 
milder days), RR for mortality due to 
ischemic heart diseases were: 
Men 
35-49 years: RR = 3.54 (2.35-5.35) 
50-64 years: RR = 1.77 (1.32-2.38) 
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1152-60.
131


  cause.  weather 
stations over 
the 10 
divisions 


overdispersion and 
auto-correlation. 
Lag 3 for resp 
deaths, 0 
otherwise. 
 
Division included as 
fixed effect, but no 
apparent control 
for time trands 


65+ years: RR = 1.58 (1.37-1.82) 
 
Cold and snow had independent 
effects. 
 
Among women, mortality for those 
aged 65 years and older increased for 
respiratory causes (RR = 1.68, 95 
percent CI 1.28-2.21) and 
cerebrovascular causes (RR = 1.47, 95 
percent CI 1.13-1.91).  
 
Cold and snow exposure may be 
hazardous among men as young as 35 
years. 
 
 


132 Jacobsen SJ, 
Sargent DJ, 
Atkinson EJ, 
O'Fallon WM, 
Melton LJ, 3rd. 
Contribution of 
weather to the 
seasonality of 
distal forearm 
fractures: a 
population-
based study in 
Rochester, 
Minnesota. 
Osteoporos Int 
1999;9(3):254-
9.


132
  


To examine 
the 
contribution 
of weather to 
the 
seasonality of 
distal forearm 
fractures 


Observational 
study: 
analysis of 
data from 
Rochester 
Epidemiology 
Project 


++ ++ Men and 
women aged 
>=35 years, 
Rochester, 
Minnesota, 
USA, 1952-89 


 Season 


 Weather 
type: 
- snow 
- freezing 
rain 
- rain 
- high winds 


Distal forearm 
fracture 
(incidence), 
classified as 
moderate or 
severe trauma. 


Poisson regression 
model.  
 
Confounder 
adjustment: 
descriptive by 
season and weather 
type; adjusted for 
season and all 
weather variables 
simultaneously 
 
Age in women was 
classified as 
younger (35-64) 
and older (>=65). 


 Distal forearm fractures due to falls 
were more frequent in the winter (p < 
0.0001) among men and women 


 Winter excess partially explained by a 
greater relative risk of distal forearm 
fractures on days with: 


Women <65 years 
freezing rain (1.65; 95% CI 1.28-2.13) 
snow (1.42; 95% CI 1.17-1.74) 


Women >=65 years 
freezing rain (1.63; 95% CI 1.23-2.17)  


Author notes: the greater seasonality 
of forearm compared with hip 
fractures is explained by the fact that 
more of them occur out-of-doors.  


 
Among younger women, a 2.6-fold 
increase in the risk of fractures was 
seen in winter when adjusted for 
adverse weather. Residual effects of 
season after adjusting for daily weather 


Reduced relative risks when 
compared to UK studies may be 
attributable to a culture more 
inclined to driving rather than 
walking. 
 
Subject to ecological fallacy. The 
persistence of seasonality after 
adjusting for weather could be due 
to residual confounding. The 
setting where the fracture occurred 
(indoor or outdoors) and time of 
day. The results are only valid for 
white women. 
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conditions suggest that other factors 
play a role 


133 Shah S, Peacock 
J. Deprivation 
and excess 
winter 
mortality. J 
Epidemiol 
Community 
Health. 1999; 
53(8): 499-
502.


133
  


To investigate 
the effect of 
material 
deprivation 
on the winter 
rise in 
mortality and 
temperature 
dependent 
variations in 
mortality 


Ecological 
comparison of 
seasonal 
mortality at 
electoral ward 
level. 
 


+ + Croydon, 
London, 
United 
Kingdom: all 
deaths of 
Croydon 
residents,  
1990–1995 


Seasonal 
definition: 
EWD 


Main outcome 
measures were: 
EWD ratio  
and monthly 
deaths 
 


Regression 
modelling, with  
monthly average 
temperature and 
Townsend score as 
main predictors 
(modifiers). 


Age and sex standardised seasonality 
ratios for all deaths by ward 
deprivation 
quintiles before and after exclusion of 
nursing and residential home deaths 
 
Results: 
- Quintile of Townsend index 
- Standardised seasonality ratio (95% 
CI) 
- Standardised seasonality ratio (95% 
CI) after excluding nursing and 
residential home deaths 
 
Quintile I 
121.7 (109.1 to 135.8) 
119.7 (106.0 to 135.1) 
Quintile II 
120.3 (107.5 to 134.6) 
120.2 (105.8 to 136.6) 
Quintile III 
117.2 (105.0 to 130.8) 
113.0 (100.0 to 127.9) 
Quintile IV 
125.4 (110.9 to 141.8) 
121.5 (106.2 to 139.0) 
Quintile V  
115.9 (103.7 to 129.5) 
115.3 (102.6 to 129.6) 
 
Croydon average 
119.7 (116.1 to 123.4) 
117.4 (111.1 to 124.1) 
 
No clear evidence of a relation 
between age and sex standardised 
seasonality ratios and Townsend scores 
for all deaths or cardiovascular deaths 


Although ecological in design this 
seems well done – e.g. other 
relevant variables controlled for. 
However it also used the Townsend 
score which the other study 
suggests is a weak measure of 
area-deprivation so any association 
may be under-represented. It may 
be useful to compare findings of 
studies which used Townsend vs 
others. However Debbie Lawlors 
study that does not use the 
Townsend score also shows no 
association  
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or respiratory deaths.  
 
No evidence of an interaction between 
Townsend score and temperature in 
the model of ward mortality rates 
(p=0.73).  
 
These findings were not affected by 
exclusion of deaths of nursing and 
residential home residents.  
 
Author conclusion: “study provides no 
evidence of an effect of deprivation on 
excess winter mortality or temperature 
dependent variations in mortality. The 
findings question simple assumptions 
about the relation between deprivation 
and excess winter mortality and 
highlight the need for further study to 
guide interventions.” 


134 Sheth T, Nair C, 
Muller J, Yusuf 
S. Increased 
winter mortality 
from acute 
myocardial 
infarction and 
stroke: the 
effect of age. J 
Am Coll Cardiol. 
1999; 33(7): 
1916-9.


134
  


To examine 
seasonal 
variations in 
mortality 
from acute 
myocardial 
infarction 
(AMI) and 
stroke by  


Observational 
study 


+ + Canada: 
300,000 
deaths in the 
Canadian 
Mortality 
Database for 
years 1980 to 
1982 and 
1990 to 1992. 


Seasonal 
definition: 
month 


Death from acute 
myocardial 
infarction and 
strroke 


Seasonal variations 
were analyzed by 
month and for the 
four seasons 
(winter beginning in 
December). A chi-
square test was 
used to test for 
homogeneity at p < 
0.01, and relative 
risk ratios (RRs) for 
high and low 
periods were 
determined in 
relation to the 
overall mean. For 
each of four age 
subgroups, the 
magnitude of the 
seasonal variation 


AMI deaths were highest in January (RR 
= 1.090) and lowest in September (RR = 
0.904), a relative risk difference of 
18.6%.  
 
The seasonal mortality variation in AMI 
deaths (winter vs. summer) increased 
with increasing age: 
 
<65 years  5.8%   
65 to 74 years 8.3% 
75 to 84  years 13.4%  
>85 years  15.8%  
 (p < 0.005 for trend) 
 
Stroke mortality peaked in January (RR 
= 1.113) and had a trough in 
September (RR = 0.914), a relative risk 
difference of 19.9%.  
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was reported as the 
difference in 
mortality between 
the highest and 
lowest frequency 
seasons. 
 


The seasonal variation in stroke 
mortality also increased with age.  
<65 years  none 
65 to 74 years 11.6% 
75 to 84 years 15.2% 
>85 years  19.3% 
 (p < 0.005 for trend) 
 
Authors’ conclusions:  the elderly 
demonstrate a greater winter increase 
in AMI and stroke mortality than 
younger individuals. 


Continued…  
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Appendix 5 table continued: 1998 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


1998           
135 Levy AR, 


Bensimon DR, 
Mayo NE, 
Leighton HG. 
Inclement 
weather and 
the risk of hip 
fracture. 
Epidemiology 
1998;9(2):172-
7.


135
  


To determine 
association 
between 
inclement 
weather and 
hip fractures 


Observational 
study: 
analysis of 
hospital 
admissions 
data 


++ + Hospital 
admissions 
for fracture 
neck of femur 
(ICD-9 code 
820) for 
entire 
population of 
Montreal 
>=50 years, 
Quebec, 
1982-92: 4018 
days 
(n=18,455 
cases) 


 Season 
Meteorologic 
parameters:  


 amount of 
snow, rain, 
and freezing 
rain 


 (maximum) 
temperature 


Hip fracture One cycle sine 
function to model 
seasonality 
 
Analysis of age-and 
sex-specific 
proportion of hip 
fractures occurring 
each day (as 
proportion of all 
fractures) analysed 
by Poisson 
regression 
 
Confounder 
control: 
models with season 
and combinations 
of meteorological 
conditions 
 
Sub-groups by sex 
and age (5 bands): 
50-64, 65-74, 75-79, 
80-84, >=85 


Monthly frequency of occurrence of hip 
fracture: adjusted to 365/12=30.4 days 
per month 
 Adjusted frequency  
 F M 
Jan 1345.4 453.1 
Feb 1300.9 409.3 
Mar 1128.7 346.2 
Apr 1035.6 341.5 
May 1087.5 323.6 
Jun 1097.4 305.0 
Jul 1087.5 309.9 
Aug 1128.9 336.4 
Sep 1248.4 340.5 
Oct 1187.6 351.1 
Nov 1182.6 363.8 
Dec 1359.2 414.8 
 
Peak-to-trough 1.2 1.4 
 ratio 
Annual peak* 343˚ 5˚ 
 
*360 ˚ of year starts at 1 Jan 
Adjusted associations between 
inclement weather, season and hip 
fractures. All ages. 
  Proportional risk 
Women  (95% CI) 
Inclement weather index 
Tmax >5˚C, no rain/snow 1.0 
Tmax >5˚C, rain/snow 0.96 (0.92, 
1.01) 
Tmax -5to5˚C, no rain/sn 1.02 (0.93, 
1.11) 
Tmax -5to5˚C, rain/snow 1.04 (0.97, 
1.11) 
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Tmax <-5˚C, no rain/sn 1.13 (1.02, 
1.25) 
Tmax <-5˚C, rain/snow 1.07 (0.98, 
1.17) 
Any freezing precip 1.14 (1.04, 
1.24) 
Season 
Summer (JJAS) 1.0 
Autumn (ON) 1.04 (0.98, 
1.09) 
Winter (DJFM) 1.05 (0.99, 
1.12) 
Spring (AM) 0.94 (0.89, 
0.99) 
 
Men 
Inclement weather index 
Tmax >5˚C, no rain/snow 1.0 
Tmax >5˚C, rain/snow 0.92 (0.85, 
1.00) 
Tmax -5to5˚C, no rain/sn 1.09 (0.93, 
1.26) 
Tmax -5to5˚C, rain/snow 1.02 (0.90, 
1.16) 
Tmax <-5˚C, no rain/sn 1.00 (0.83, 
1.20) 
Tmax <-5˚C, rain/snow 1.16 (0.99, 
1.35) 
Any freezing precip 1.36 (1.17, 
1.58) 
Season 
Summer (JJAS) 1.0 
Autumn (ON) 1.09 (0.99, 
1.20) 
Winter (DJFM) 1.12 (1.00, 
1.26) 
Spring (AM) 1.03 (0.94, 
1.13) 
 


 Cyclical pattern in occurrence of hip 
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fractures.  Peak: mid-December for 
women, first week of January for men  


 Seasonality less pronounced among 
women than men 


 Days with lower temperatures, snow, 
and freezing rain were associated with 
increased rates of hip fracture. 


 Greatest risk associated with freezing 
rain. 


 Association between inclement 
weather and hip fractures was 
stronger among younger persons, 
both women and men.  


 After adjusting for meteorologic 
variables, there remained increases in 
winter of 5% among women and 12% 
among men 


Continued…  
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Appendix 5 table continued: 1997 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


1997           
136 Ballester F, 


Corella D, 
Perez-Hoyos S, 
Saez M, Hervas 
A. Mortality as a 
function of 
temperature. A 
study in 
Valencia, Spain, 
1991-1993. Int J 
Epidemiol. 
1997; 26(3): 
551-61.


136
  


To assesses 
the 
relationship 
between daily 
deaths and 
variations in 
ambient 
temperature  


Time series + + City of 
Valencia, 
Spain (over 
750,000 
inhabitants), 
1991-1993 


Temperature 
(daily mean) 
and relative 
humidity from 
local 
monitoring 
station. 
 
 


Mortality: 
- All causes  
- All causes in 
subjects >70 years 
- All causes 
excluding external 
causes  
- Cardiovascular 
diseases  
- Respiratory 
diseases 
- Neoplasms  
 


Autoregressive 
Poisson analysis 
using four lag 
periods. 
 
Confounder 
control: 
Seasonality, 
influenza, black 
smoke, humidity, 
day of the week, 
holidays 
 


Relation between temperature and 
mortality by cause of death: analysis of 
cold months (Nov-April).  Threshold 
temperature: 15 deg C 
 
Relative risks (95% CI) for a 1 deg C 
decrease in temperature at lags of: 
0 days 
1-2 days 
3-6 days 
7-14 days 
 
All causes  
1.015 (1.005, 1.024) 
1.016 ( 1.005, 1.026) 
1.016 (1.004, 1.028) 
1.032 (1.018, 1.046) 
 
All causes in subjects >70 years 
1.016 (1.005, 1.028) 
1.024 (1.011, 1.037) 
1.023 (1.009, 1.037) 
1.037 (1.021, 1.054) 
 
All causes—external causes  
1.016 (1.006, 1.026) 
1.016 (1.006, 1.027) 
1.017 (1.005, 1.029) 
1.031 (1.017, 1.045) 
 
Cardiovascular diseases  
1.021 (1.006, 1.036) 
1.026 (1.010, 1.043) 
1.015 (0.997, 1.033) 
1.043 (1.021, 1.064) 
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Respiratory diseases 
1.023( 0.994, 1.054) 
1.046 (1.013, 1.080) 
1.022 (0.987, 1.059) 
1.017 (0.976, 1.060) 
 
Neoplasms  
1.006 (0.987, 1.026) 
1.000 (0.979, 1.022) 
1.018 (0.995, 1.042) 
1.015 (0.988, 1.042) 
 
A statistically significant association 
between temperature and mortality, 
including in cold (winter) season, with 
variations by age and cause of death. 
 
The effect of temperature is greater in 
persons aged over 70 years of age, and 
it is also greater in cases of circulatory 
and respiratory diseases. 
 


137 Bjornstig U, 
Bjornstig J, 
Dahlgren A. 
Slipping on ice 
and snow--
elderly women 
and young men 
are typical 
victims. Accid 
Anal Prev. 1997; 
29(2): 211-5.


137
  


To examine 
epidemiologic
al factors 
associated 
with slipping 
on snow and 
ice. 


Observational 
study: 
analysis of 
routine data 


+ + Umea health 
district, 
Sweden 
(population 
118,544) 
 


Slip/fall coded 
by cause 
(snow, ice). 
Only slips on 
the same level 
(e.g. no falls 
from roofs) 
were 
considered. 
Analysed for 
age group and 
sex. 
 
 


Injury requiring 
hospitalisation, 
including 
fractures, due to 
slips or falls on 
snow or ice. 
Severity of injury 
types graded by 
Abbreviated Injury 
Scale (AIS). 
 
The cost of 
medical care for 
these injuries was 
estimated. 


Descriptive analysis 
of routine data. 
 
 


The injury rate was highest among the 
elderly, especially elderly women. 
 
High burden of injuries also in young 
men 20-29 years. 
  
Half of all injuries were fractures; for 
women 50 years and over two-thirds 
were fractures, mostly of an upper 
extremity.  
 
The 'cost' of medical care of these 
slipping injuries was almost the same 
as the 'cost' of all traffic injuries in the 
area during the same time. Most 
injuries occurred during leisure time. 
 
Author ‘speculates’ “Injury reducing 


Alcohol consumption is a potential 
confounding factor. 
 
Falls not requiring hospitalisation 
were not included, meaning there 
was a bias towards the most 
vulnerable (e.g. the elderly). 







255 


 


measures, such as more effective snow 
clearing, sand and salt spreading in 
strategic areas, better slip preventive 
aids on shoes, and 'padding' of older 
women, would reduce the injuries and 
their consequences.” 


138 Christophersen 
O. Mortality 
during the 
1996/7 winter. 
Popul Trends. 
1997; (90): 11-
7.


138
  


To describe 
the timing of 
the winter 
peak, the 
population 
affected and 
the main 
causes of 
death in the 
winter peak 
of mortality in 
the 1996/7 
winter 
(associated 
with an 
estimated 49 
thousand 
excess 
deaths) 


Analysis of 
routine data 


+ + England 
 


Seasonal 
definition: 
winter 


Mortality The relationship 
between excess 
winter mortality, 
temperature and 
influenza was 
explored. 


The peak in the number of deaths in 
December 1996 and January 1997 
coincided with a peak in the number of 
deaths attributed to influenza and with 
low temperatures.  
 
However, the excess winter mortality 
was higher than expected, based on 
the experience of previous winters. 


Standard EWM method + 
exploration of influence of 
influenza 


139 Donaldson GC, 
Keatinge WR. 
Early increases 
in ischaemic 
heart disease 
mortality 
dissociated 
from and later 
changes 
associated with 
respiratory 
mortality after 
cold weather in 
south east 
England. J 


To identify 
the time 
courses and 
magnitude of 
ischaemic 
heart (IHD), 
respiratory 
(RES), and all 
cause 
mortality 
associated 
with common 
20-30 day 
patterns of 
cold weather 


Cross-
sectional 
time-series 
study 


+ + Population of 
south east 
England, 
including 
London, over 
50 years of 
age from 
1976-92 


Mean daily 


temperatures 


obtained from 


three hourly 


measurement


s at the 


Weather 


Centre, 


London. 


 
Effect 
modifiers 


Daily mortality as 
deaths per 10^6 
population. 
Absolute number 
of daily deaths 
extracted in 
relation to 
primary cause. 
Ischaemic heart 
disease (IHD) 
classified as ICD 
410.0-414.9, 
respiratory 
disease (RES) as 
460.0-519.9, and 


Daily temperatures 
and daily cause-
specific mortality 
on successive days 
before and after a 
reference day were 
regressed on 
temperature of 
reference day using 
high pass filtered 
data in which 
changes with cycle 
length <80 days 
were unaffected (< 
2%), but slower 


Colder-than-average days in the linear 
range 15 to 0 degrees C were 
associated with a "run up" of cold 
weather for 10-15 days beforehand 
and a "run down" for 10-15 days 
afterwards. The increases in deaths 
were maximal at 3 days after the peak 
in cold for IHD, at 12 days for RES, and 
at 3 days for all-cause mortality. The 
increase lasted approximately 40 days 
after the peak in cold. RES deaths were 
significantly delayed compared with 
IHD deaths. Excess deaths per million 
associated with these short-term 
temperature displacements were 7.3 
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Epidemiol 
Community 
Health. 1997; 
51(6): 643-8.


139
  


in order to 
assess links 
between cold 
exposure and 
mortality 


None 


Confounders 
Linear trends 


all-cause 
mortality as 0-
999.9. Rates 
before 1984 
adjusted for 
changing in 
coding 
instructions that 
year. Daily 
estimates of 
population 
obtained by linear 
regression of mid-
year population 
estimates (OPCS, 
Series DH1, table 
2) against date. 


cyclical changes and 
trends were partly 
or completely 
suppressed. Annual 
delays for different 
causes of death 
were compared 
with each other by 
Wilcoxon matched 
pairs rank test. 
 
Results compared 
with overall 
relations of 
mortalities to 
temperature, which 
include seasonal 
and longer changes, 
obtained by direct 
regression of 
unfiltered 
mortalities on 
temperature at 
successive delays. 


for IHD, 5.8 for RES, and 24.7 for all 
cause, per one day fall of 1 degree C. 
These were greater by 52% for IHD, 
17% for RES, and 37% for all-cause 
mortality than the overall increases in 
daily mortality per degree C fall, at 
optimal delays, indicated by 
regressions using unfiltered data. 
Similar analyses of data at 0 to -6.7 
degrees C showed an immediate rise in 
IHD mortality after cold, followed by a 
fall in both IHD and RES mortality rates 
which peaked 17 and 20 days 
respectively after a peak in cold.  
 
Conclusion: Twenty to 30 day patterns 
of cold weather below 15 degrees C 
were followed:(1) rapidly by IHD 
deaths, consistent with known 
thrombogenic and reflex consequences 
of personal cold exposure; and (2) by 
delayed increases in RES and 
associated IHD deaths in the range 0 to 
15 degrees C, which were reversed for 
a few degrees below 0 degree C, and 
were probably multifactorial in cause. 
These patterns provide evidence that 
personal exposure to cold has a large 
role in the excess mortality of winter. 


140 Donaldson GC, 
Keatinge WR. 
Mortality 
related to cold 
weather in 
elderly people 
in southeast 
England, 1979-
94. BMJ 1997; 
315(7115): 
1055-6.


140
  


To describe 
reductions in 
excess winter 
mortality in 
England, 
1979-1994. 


Time-series + + Deaths in men 
and women 
aged 65-74 
years in 
Greater 
London and 
ten other 
English 
counties, 
1979-1994. 


Mean daily 
temperature 
from 
measurement
s at the 
weather 
centre in 
London.  
 
Looked at the 
effect on 


Mortality from 
ischemic heart 
disease, 
cerebrovascular 
disease, 
respiratory 
disease, and all-
causes.  
 
Calculated 
number of deaths 


Regression 
coefficients of 
mortality on fall in 
temperature were 
calculated for each 
year by generalised 
linear modelling for 
Poisson 
distribution, over 
the range 18°C to 
0°C. 


The annual increase in all-cause 
mortality per °C fall in temperature 
(excess winter mortality) declined by 
32.3% between 1977 and 1994 (P = 
0.005). 
 
The corresponding annual increase in 
mortality from ischaemic heart disease 
fell by 39.3% (P = 0.002), 
cerebrovascular disease by 57.1% (P < 
0.001), and respiratory disease by 
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mortality over 
the range of 
18 deg C to 0 
deg C.  


per day per 
million 
population. 


 
Coefficients were 
also calculated for 
baseline mortality 
at 18 deg C. 
 
Changes in annual 
values with time 
were analysed by 
ordinary linear 
regression. 
 
Controlled for 
influenza and used 
the lag with the 
highest coefficient 
for each cause of 
death.  


36.9% (P = 0.009).  
 
Baseline mortality at 18°C also fell, but 
only by 16.9% for all causes (P < 0.001), 
24.4% for  ischaemic heart disease (P < 
0.002), 38.9% for cerebrovascular 
disease (P < 0.001), and 12.6% for 
respiratory disease (P = 0.038). 
 
Influenza had little effect on the falling 
death rates.  
 
Authors comment: Substantial declines 
in excess winter mortality from 1977 to 
1994 were not due to fewer deaths 
from influenza. They can be attributed 
in part to improvement in 
nonseasonal background factors such 
as general medical care and diet, since 
baseline death rates also fell. Assuming 
that such background factors affected 
baseline mortality and mortality 
related to cold proportionately, about 
half of the decline in excess winter 
mortality can be explained by such 
nonseasonal factors. The rest can 
most easily be attributed to 
improvements in home heating and to 
factors such as greater car ownership, 
which reduce outdoor exposure to 
cold.  


141 Seretakis D, 
Lagiou P, 
Lipworth L, 
Signorello LB, 
Rothman KJ, 
Trichopoulos D. 
Changing 
seasonality of 
mortality from 


To investigate 
whether 
declining 
coronary 
mortality has 
been 
accompanied 
by a change in 
the seasonal 


We used 
published 
data on 
coronary 
mortality by 
year to 
evaluate the 
time trend in 
seasonal 


- + Used monthly 
coronary 
deaths in the 
United States 
from 1937 
through 1991. 
Deaths by 
cause and 
month were 


Abstracted 
data on 
"diseases of 
the 
heart" for the 
entire United 
States for 
1937 through 
1969. Most of 


Used the yearly 
peak-to-trough 
ratio as primary 
outcome and 
assessed its trend 
over time by 
linear regression; 
depicted time 
trends using 


Estimated the peak-
to-trough ratio in 
the monthly 
frequency of US 
coronary deaths 
using the Edwards 
harmonic 
technique. This 
method fits a sine 


The peak-to-trough ratio diminished by 
about 2% per year until around 
1970, when the trend reversed. In New 
England, the decline was steeper than 
in the South, as measured from all 
deaths. 
 
Concludes that seasonal patterns in 
coronary mortality in the United States 


Fairly short paper, little detail e.g. 
on methods 
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coronary heart 
disease. Jama. 
1997; 278(12): 
1012-4.


141
  


pattern and 
to investigate 
hypothesis 
that 
diminishing 
exposures to 
environmenta
l cold and 
heat have 
affected the 
seasonal 
pattern.


141
 


pattern. We 
fit a sine 
curve to the 
monthly 
frequency of 
deaths in each 
year & 
examined the 
trend over 
time in the 
ratio of peak 
to trough of 
the curve. 


not available 
by geographic 
area within 
the United 
States, but we 
were able to 
examine total 
monthly 
deaths in 2 
regions with 
contrasting 
climates, New 
England and 
the South. 


these deaths 
were due to 
ischemic 
heart disease. 
We also 
abstracted 
data on 
"ischemic 
heart disease" 
for 1970 
through 1991, 
the latest year 
for which data 
were 
available. 
 
No explicit 
treatment of 
temperature. 


polynomial 
smoothing. 


curve to the 
monthly 
frequencies on the 
assumption that 
monthly variation 
demonstrates a 
single annual cycle. 
From the fitted sine 
curve, one can 
estimate the peak 
and the trough of 
the annual cycle. 
The ratio of peak-
to-trough 
occurrence is a 
measure of the 
intensity of the 
seasonal pattern. 
Trend over time in 
the peak-to-trough 
ratio is measured 
by fitting linear 
regressions. We 
also depicted the 
curvature of time 
trends using 
polynomial 
smoothing 
methods. 


have changed with time. These 
changes are compatible with the 
gradual expansion of adequate heating 
and the subsequent increased use of 
air-conditioning. Microclimatic 
influences on coronary mortality could 
explain in part the socioeconomic 
gradient of cardiovascular mortality. 


142 The Eurowinter 
Group. Cold 
exposure and 
winter mortality 
from ischaemic 
heart disease, 
cerebrovascular 
disease, 
respiratory 
disease, and all 
causes in warm 


To assess 
whether 
increases in 
mortality per 
1 degree C fall 
in 
temperature 
differ in 
various 
European 
regions and to 


Ecological 
country/ 
community-
level) 
comparison of 
temporal 
analysis of 
daily time-
series 
temperature-
mortality 


+ + Men and 
women, 50-59 
and 65-74 
years in north 
Finland, south 
Finland, 
Baden-
Wurttemburg, 
the 
Netherlands, 
London, and 


Temperature-
related 
mortality.  
Temperature 
from outdoor 
meteorologic
al monitoring 
stations 


Cause-specific 
mortality 


Percentage 
increases in deaths 
per day per 1 
degree C fall in 
temperature below 
18 degrees C 
(indices of cold-
related mortality) 
were estimated by 
generalised linear 
modelling. We 


The percentage increases in all-cause 
mortality per 1 degree C fall in 
temperature below 18 degrees C were 
greater in warmer regions than in 
colder regions (eg, Athens 2.15% [95% 
CI 1.20-3.10] vs south Finland 0.27% 
[0.15-0.40]).  
 
At an outdoor temperature of 7 
degrees C, the mean living-room 
temperature was 19.2 degrees C in 


 
Reviewer comment 
No seasonal control in time-series 
analyses 
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and cold regions 
of Europe. 
Lancet. 1997; 
349(9062): 
1341-6. 


142
 


relate any 
differences to 
usual winter 
climate and 
measures to 
protect 
against cold 


relationship. 
Also, surveys 
conducted to 
assess 
individual risk 
factors and 
behaviour. 


north Italy (24 
groups), 1988 
to 1992, and 
Athens and 
Palermo, 
1992 


assessed protective 
factors by surveys 
and adjusted by 
regression to 7 
degrees C outdoor 
temperature 


Athens and 21.7 degrees C in south 
Finland; 13% and 72% of people in 
these regions, respectively, wore hats 
when outdoors at 7 degrees C. 
 
Multiple regression analyses (with 
allowance for sex and age, in the six 
regions with full data) showed that 
high indices of cold-related mortality 
were associated with high mean winter 
temperatures, low living-room 
temperatures, limited bedroom 
heating, low proportions of people 
wearing hats, gloves, and anoraks, and 
inactivity and shivering when outdoors 
at 7 degrees C (p < 0.01 for all-cause 
mortality and respiratory mortality; p > 
0.05 for mortality from ischaemic heart 
disease and cerebrovascular disease).  
 
Interpretation: Mortality increased to a 
greater extent with given fall of 
temperature in regions with warm 
winters, in populations with cooler 
homes, and among people who wore 
fewer clothes and were less active 
outdoors. 


Continued…  
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Appendix 5 table continued: 1996 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


1996           
144 Laake K, Sverre 


JM. Winter 
excess 
mortality: a 
comparison 
between 
Norway and 
England plus 
Wales. Age 
Ageing. 1996; 
25(5): 343-8.


144
  


The primary 
objective is to 
relate winter 
mortality to 
age, outdoor 
temperature, 
and influenza 
to make 
comparisons 
between 
Norway and 
England plus 
Wales. 
 


Two country 
ecological 
comparison. 


+ + England & 
Wales and 
Norway 


Country 
comparison. 
 
Monthly data 
from August 
1970 to July 
1991 of all 
deaths (n = 12 
154 000) and 
deaths 
attributed to 
influenza, 
broken down 
into three 
broad age 
bands (45-64, 
65-74 and 75 
years and 
above), and 
monthly 
mean 
temperature 
in London, 
were supplied 
for England 
and Wales. 
Information 
on age at 
death and 
month, year 
and cause of 
death (ICD7-
9) was made 
available from 
the 
Norwegian 


Monthly 
mortality based 
on death 
records. 
 


Seasonal mortality 
was calculated for 
the winter 
(December- March). 
 
Bivariate analyses 
used to examine 
excess winter 
mortality 
(December-March) 
in England and 
Wales, and South-
east Norway. 
 


A weak statistically insignificant (the 
difference sign test of trend [7]) decline 
in relative winter excess mortality in 
England and Wales during 1970-91.  
The relative excess winter mortality in 
the two countries was not correlated 
(Kendall tau = 0.18, 95%CI = —0.16-
0.52), indicating that peaks and troughs 
in winter mortality occurred 
asynchronously. 
 
Relative excess winter mortality 
increased by age in both data sets and 
was higher in England and Wales. 
England and Wales, death certificates 
had any mention of influenza, and 
most of these deaths, were 27573 
(0.2%) and 84%. 
 
Simple linear regression analyses 
showed a trend towards higher 
mortality in colder winters, and more 
markedly so in England and Wales 
(range mean winter temperature 3.2-
7.2°C, beta = -0.012, 95%CI = -0.032- 
0.008) than in Norway (temperature 
range -6.1 -1.1°C, beta = -0.008, 95%CI 
= -0.022-0.006). 
Using monthly data, restricted to 
December-March, simple linear 
regression disclosed a statistically 
significant relationship (beta = -0.021, 
95%CI = -0.027 to -0.015, R = 0.44) in 
the data from England and Wales. 
 
The probability of a winter death 


 
Study method adjusts for 
confounders by influenza, outdoor 
temperature (base on London) and 
age.  Co-morbidities are not 
included.  Applicable to England 
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Central 
Bureau of 
Statistics for 
the period 
1966-86 on all 
Norwegians 
aged 45 and 
over at death 
(n = 774 700). 
Meteorologic
al data for 
Norway were 
provided by 
the 
Norwegian 
Institute of 
Meteorology. 
 


versus a non-winter death was 
modelled by multiple logistic 
regression using age and influenza 
deaths as categorical explanatory 
variables, and mean winter 
temperature as an interval-scaled 
covariate. A good model fit was 
achieved for the British data 
After multivariate adjustment, 
temperature emerged as an 
independent and significant risk factor 
of winter death in England and Wales 
only 
 
 


Continued…  
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Appendix 5 table continued: 1995 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


1995           
143 Jacobsen SJ, 


Sargent DJ, 
Atkinson EJ, 
O'Fallon WM, 
Melton LJ, 3rd. 
Population-
based study of 
the contribution 
of weather to 
hip fracture 
seasonality. Am 
J Epidemiol 
1995;141(1):79-
83.


143
  


To assess the 
daily 
occurrence of 
hip fracture 
among 
women aged 
45 years and 
older 
compared 
with the 
occurrence of 
inclement 
weather as 
recorded in 
hourly 
readings by 
the National 
Weather 
Service in 
Rochester for 
the same time 
period 


Observational 
study: 
analysis of 
data from 
Rochester 
Epidemiology 
Project 


++ ++ Women aged 
>=45 years 
presenting 
with hip 
fracture, 
Rochester, 
Minnesota, 
1952 to 1989 
 
 


 Season 


 Weather 
type: 
- snow 
- freezing 
rain 
- rain 
- high winds 


Hip fracture 
(incidence) 


Poisson regression 
model.  
 
Confounder 
adjustment: 
descriptive by 
season and weather 
type; adjusted for 
season and all 
weather variables 
simultaneously 


Weather and season relative risks (RR) 
and 95% confidence intervals (CI) of hip 
fracture among women, Rochester, 
Minnesota, by age, 1952-1989: results 
from Poisson regression model 
 
Unadjusted 
 RR (95% CI) 
Aged 45-74 years 
Weather type 
Snow or blowing snow 1.41 (1.10, 1.81) 
Freezing rain/drizzle 1.82 (1.27, 2.62) 
Rain 0.83 (0.64, 1.06) 
High wind 0.87 (0.36, 2.09) 
Season 
Autumn 1.05 (0.76, 1.46) 
Winter 1.44 (1.06, 1.96) 
Spring 1.10 (0.80, 1.52) 
 
Aged >=75 years 
Weather type 
Snow or blowing snow 1.13 (0.96, 1.32) 
Freezing rain/drizzle 1.00 (0.74, 1.35) 
Rain 0.91 (0.78, 1.05) 
High wind 1.33 (0.87, 2.05) 
Season 
Autumn 1.03 (0.85, 1.25) 
Winter 1.16 (0.96, 1.40) 
Spring 0.81 (0.66, 0.99) 
 
Adjusted for all factors (each weather 
type and season) simultaneously 
Aged 45-74 years 
Weather type 
Snow or blowing snow 1.22 (0.91, 1.63) 
Freezing rain/drizzle 1.60 (1.06, 2.41) 


Author conclusion: 
 
data suggest that factors other 
than weather that may be linked to 
the seasonal pattern in hip fracture 
occurrence and that operate at all 
ages. 
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Rain 0.87 (0.67, 1.13) 
High wind 0.79 (0.32, 1.92) 
Season 
Autumn 0.95 (0.67, 1.33) 
Winter 1.16 (0.81, 1.65) 
Spring 1.08 (0.78, 1.50) 
 
Aged >=75 years 
Weather type 
Snow or blowing snow 1.01 (0.84, 1.22) 
Freezing rain/drizzle 0.89 (0.65, 1.21) 
Rain 0.96 (0.82, 1.13) 
High wind 1.35 (0.88, 2.08) 
Season 
Autumn 1.03 (0.84, 1.25) 
Winter 1.15 (0.93, 1.43) 
Spring 0.80 (0.65, 0.98) 
 
Among the women aged 45-74 years, 
the risk of hip fracture was increased 
on days with snow or freezing rain; 
reduced after controlling for weather  
 
Among women aged 75 years and 
older, ice and snow were not strongly 
related to fracture occurrence. The 
winter-related increase in risk (RR = 
1.16, 95% CI 0.96-1.40) was essentially 
unchanged after controlling for 
weather and was similar to the 
weather-adjusted seasonality of hip 
fracture occurrence in younger women.  
 


145 Langford IH, 
Bentham G. The 
potential effects 
of climate 
change on 
winter mortality 
in England and 


To evaluate 
the possible 
influence of 
climate 
change on 
excess winter 
death and 


Statistical 
modelling 
(quantitative 
risk 
assessment)st
udy 


+ + Population 
mortality 
data, England 
and Wales, 
1968 to 1988 


Mortality: 
- all causes 
- chronic 
bronchitis 
- pneumonia 
- ischaemic 
heart disease 


Death from: 
-- all causes 
-- chronic 
bronchitis,  
-- pneumonia 
-- ischaemic heart 
disease 


Statistical (time-
series) models of 
the associations 
between monthly 
mortality rates and 
temperature, 
influenza epidemics  


Highly significant negative associations 
were found between temperature and 
death rates from all causes and from 
chronic bronchitis, pneumonia, 
ischaemic heart disease and 
cerebrovascular disease.  
 


 
Longitudinal study using 
observation data analysis of all 
cause winter excess death under 
climate change scenarios lacks 
uncertainty analysis.  Many factors 
are likely to have an effect on 
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Wales. Int J 
Biometeorol. 
1995; 38(3): 
141-7.


145
  


temperature-
related 
mortality in 
England and 
Wales 


- 
cerebrovascul
ar disease. 
 
 
 


-- cerebro-
vascular disease. 


 
Confounding 
Influenza 


Higher temperatures predicted for 
2050 might result in nearly 9000 fewer 
winter deaths each year with the 
largest contribution being from 
mortality from ischaemic heart disease.  
 
Such estimates depend on assumptions 
about the factors that may affect 
(modify) the temperature-mortality 
relationship 


changes in EWD not accounted for 
(e.g. underlying health of 
population and protective nature 
of dwellings) 
 
Reviewer comment 
Temp-mortality relationship likely 
to modify over time. 


146 Lau EM, 
Gillespie BG, 
Valenti L, 
O'Connell D. 
The seasonality 
of hip fracture 
and its 
relationship 
with weather 
conditions in 
New South 
Wales. Aust J 
Public Health. 
1995; 19(1): 76-
80.


146
  


To determine 
the seasonal 
pattern in hip 
fracture rates 
and its 
relationship 
to weather 
variables 


Observational 
study of 
hospital 
admission 
data 


++ ++ Hospital  
admission 
data, New 
South Wales 
(Sydney), 
Australia. 
Years: 1981, 
1983, 1986, 
1988, 1989, 
1990. Patients 
aged 50 and 
older 
included. 


 Season 
Monthly 
weather 
parameters: 


 Mean daily 
minimum 
temperature 


 Mean cloud 
cover 


 Number of 
days with 
strong wind 


 Number of 
days of fog 


 Number of 
days of mist 


 Number of 
days with 0.1 
mm or more 
rainfall 


 Hip fracture Poisson regression 
of monthly 
admission rates. 
 
Seasonality of hip 
fracture rates 
examined for men 
women, those 
under 75 years old, 
and those over 75 
years old. Non-
significant variables 
were omitted from 
later models. 


Consistent seasonal pattern for hip 
fracture: trough in the summer, peak in 
winter, statistically significant (P < 0.01) 
in men and in women, and in people 75 
years and over.  Mean daily minimum 
temperature for each month was the 
single weather variable independently 
and consistently associated with the 
monthly rates of hip fracture in both 
younger and older people.  
 
Sex-adjusted relative risk for hip 
fracture for different weather variables 
(50-74 years) 
Weather                   RR              CI 
Minimum Temp    1.10        1.07-1.14 
 
All variables-adjusted relative risk for 
hip fracture for different weather 
variables (50-74 years) 
Weather                   RR              CI 
Minimum Temp    1.12        1.06-1.17 
 
Sex-adjusted RR for hip fracture for 
different weather variables (>75 years) 
Weather                   RR              CI 
Minimum temp       1.18        1.15-1.20 


 
The weather conditions in Australia 
are unlikely to be similar to those in 
the UK.  
 
The location of any falls which may 
lead to fractures (indoors or 
outdoors) was not recorded. 
Variation in activity levels during 
different seasons may drive some 
of the variations in fracture risk. 


Continued…  
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Appendix 5 table continued: 1994 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


1994           
147 Parker MJ, 


Martin S. Falls, 
hip fractures 
and the 
weather. Eur J 
Epidemiol 
1994;10(4):441-
2.


147
 


To investigate 
whether sub-
clinical 
hypothermia 
contributes to 
the risk of a 
fall and hip 
fracture  


Prospective 
observational 
study of 
consecutive 
hospital 
admissions 


+ + Patients 
admitted with 
hip fracture to 
Birmingham 
Accident 
Hospital. 
Patients 
under the age 
of 60 years, 
those who fall 
in hospital, 
and those 
with no 
history of a 
fall were 
excluded. 
N=514, of 
whom 429 
met inclusion 
criteria. 


Meteorologic
al parameters 
(from 
Birmingham 
University 
Weather 
Centre): 


 Temperature 


 Air frost 


 Ground frost 
 


 Hip fracture Days with 0, 1, 2, >2 
fractures compared 
with daily 
meteorological 
parameters by Chi-
squared test 


No statistically significant variation by 
month/season. Weak association with 
the day of fall and ground frost 
(p=0.04); none for air frost (p=0.08) or 
minimum temperature (p=0.15). 


 
 


The study limitations include a 
small sample size; an older 
population, the majority of which 
were female; the patients admitted 
to the single study In the hospital 
may not be representative of the 
wider population; the location of 
the fall, such as indoors or 
outdoors, was not included in the 
analysis; and the population may 
be less inclined to leave the house 
during poor weather, and 
modifying their risk of fractures 
relative to the wider population. 


Continued…  
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Appendix 5 table continued: 1993 studies 


Ref Study Aim of study Study design Validity  Pop, setting Exposure Outcomes Analysis Results Notes 
Int Ext 


1993           
148 Kunst AE, 


Looman CW, 
Mackenbach JP. 
Outdoor air 
temperature 
and mortality in 
The 
Netherlands: a 
time-series 
analysis. Am J 
Epidemiol. 
1993; 137(3): 
331-41.


148
  


To address 
the question 
of whether 
the relation 
between 
outdoor 
temperature 
and death 
rates are 
attributable 
to the direct 
effects of 
exposure to 
heat and cold 
on the human 
body in 
general, and 
on the 
circulatory 
system in 
particular. 


Time-series + + Deaths in the 
Netherlands, 
1979-1987 
 
 
 
 
 
 


Meteorologic
al variables: 
24-hr average 
temperature, 
wind speed 
and relative 
humidity. 
 
Data were 
from a single 
centrally 
located 
station.   
 
Also 
controlled for 
influenza with 
data from a 
monitoring 
network of 45 
general 
practices.  
 
Controlled for 
air pollution 
using data on 
sulphur 
dioxide from 
six stations. 


All-cause 
mortality and 
mortality from 
neoplasms, 
cardiovascular 
diseases, 
respiratory 
diseases, all 
other diseases, 
and external 
causes.  


Poisson regression 
analysis controlling 
for influenza, air 
pollution, and 
"season"; 
distinguishing lag 
periods; examining 
effect modification 
by wind speed and 
relative humidity; 
and distinguishing 
causes of death. 
 
Also controlled for 
long-term mortality 
trends and 
demographic 
changes in the 
population. 
 
Tested lags: 0, 1-2, 
3-6, ,7-14, 15-30 


In most lag periods, cold and heat is 
positively related to the actual 
mortality level.  The largest effects 
(both statistically significant), after 
controlling for influenza, sulphur 
dioxide and season: 
Cold (lag 3-6): An increase of 0.45% 
per degree  
Heat (lag 0): An increase of 1.76% per 
degree.  
 
Cold at most lags was significantly 
associated with all causes of death 
except external causes, with 
respiratory effects relatively higher 
than cardiovascular effects.  Both 
tended to be higher than for all-cause 
mortality.   
 
Heat had a rapid positive effect on all 
causes of death, and particularly on 
respiratory diseases and external 
causes. Heat effects per degree were 
higher than cold effects. 
 
Authors conclude that important 
direct effects of exposure to cold and 
heat on mortality were suggested by 
the following findings: 1) control for 
influenza incidence only reduced 
temperature-related mortality to a 
modest extent (the role of air 
pollution and "season" was negligible); 
2) much of the temperature-related 
mortality, occurred within the first 
week; and 3) effect modification by 
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wind speed was in the expected 
direction.  
 
The finding that 57% of "unexplained" 
cold-related mortality and 26% of the 
"unexplained" heat-related mortality 
was attributable to cardiovascular 
diseases suggests that direct effects 
are only in part the result of increased 
stress on the circulatory system. For 
heat-related mortality, direct effects 
on the respiratory system are 
probably more important.  
 
For cold-related mortality, the analysis 
yielded evidence of an important 
indirect effect involving increased 
incidence of influenza and other 
respiratory infections 


149 Macey SM, 
Schneider DF. 
Deaths from 
excessive heat 
and excessive 
cold among the 
elderly. 
Gerontologist. 
1993; 33(4): 
497-500.


149
  


This study 
examines 
preventable 
deaths 
attributed to 
excessive heat 
and excessive 
cold for 
persons 60 
years of age 
and over.  


Observational 
study 


+ + USA: National 
mortality data 
for years 
1979-1985. 


Excessive heat 
or excessive 
cold listed as 
the primary 
cause of 
death (N = 
3326 for cold 
and 2077 for 
heat). 


Mortality from 
excessive heat 
(ICD-9 code 900) 
or excessive cold 
(ICD-9 code 901)  
for individuals 60 
years of age or 
older. 


Descriptive 
statistics and simple 
correlations. 


A strong female bias was found for 
deaths from excessive heat and a 
stronger male bias for deaths from 
excessive cold. Non-white elderly and 
elderly living in rural areas were 
disproportionately likely to suffer 
deaths from temperature-related 
causes. 
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Appendix 6: Examples of quality assessment checklists used 
 


The quality of reviewed studies was assessed using a prescribed checklist of 19 criteria relating to 


study design, conduct, analysis and reporting as appropriate for quantitative observational studies. 


The list of criteria is given below, and the Excel spreadsheet of results of the assessment for included 


studies is separately attached. 


Questions/criteria for assessment of the quality studies 


Description of the source population? 


Is the eligible population representative of the source population? 


Do the selected participants represent the eligible population? 


Minimisation of bias in exposure classification and comparison group? 


Was selection of exposure variables based on a sound theoretical basis? 


Was contamination acceptably low? 


How well were confounding factors identified and controlled for? 


Is the setting applicable to the UK?  


Were outcome measures and procedures reliable? 


Were outcome measurements complete? 


Were all important outcomes assessed? 


Was there a similar follow-up time of exposure and comparison groups? 


Was follow-up meaningful? 


Was the study sufficiently powered? 


Were multiple exposure variables considered in the analyses? 


Were analytical methods appropriate? 


Was the precision of association given or calculable? 


Are the study results internally valid (unbiased)? 


Are the findings generalisable to the source population (externally valid)? 
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Abbreviations 


A&E Accident and emergency 
BMI Body Mass Index 
CGE Computable General Equilibrium (model of the economy) 
CI Confidence interval (95%) 
CMD Common mental disorder 
COPD Chronic obstructive pulmonary disease 
COLD Chronic obstructive lung disease 
CVD Cardiovascular disease 
EHS English Housing Survey 
EHCS English House Condition Survey 
EWD Excess winter death 
EWM Excess winter mortality 
F Female 
FEV1 Forced expiratory volume in 1 second (lung function) 
GHQ General Health Questionnaire 
HSE Health Survey for England 
ICD International Classification of Diseases (‘ICD-9’: 9th revision, ‘ICD-10’: 10th revision) 
M Male 
MTS Mental test score 
OR Odds ratio 
PEF Peak exploratory flow (rate) 
PM Particulate matter (air pollutant) 
QoL Quality of Life 
RH Relative humidity 
Rn Radon 
RR Relative risk 
SAP Standard Assessment Procedure 
Tmax Maximum daily temperature 
Tmin Minimum daily temperature 
VOC Volatile organic compound 
YLD Years Lived with Disability 
YLL Years of life lost 
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Executive summary 
 


Background  The large burden of winter-and cold-related mortality/morbidity in the UK is widely 


recognised and is a target for public health action. Various national and local 


strategies have been and continue to be developed with a view to reducing those 


burdens through a range of strategies and policy initiatives. They include 


interventions relating to infrastructure, especially housing quality, behavioural 


responses and effectiveness of health protection measures. The aim of this review 


was to gather quantitative evidence of the effect of interventions and approaches to 


prevent excess winter deaths and morbidity and the health risks associated with cold 


weather and cold homes, including unintentional consequences and outcomes. 


Methods A literature search was undertaken in October 2013 on a wide range of databases 


and grey literature sources including, among others, MEDLINE, Social Policy and 


Practice, Social Science Citation Index, HMIC, PsycINFO, Avery Index and ICONDA 


International. The search strategies were developed using a combination of subject 


indexing and free text search terms. Searches were limited to the last twenty years 


(1993-2013) and to English language publications only. Studies reporting 


quantitative or qualitative results relating to interventions in OECD countries were 


selected for inclusion.  Studies were summarized and assessed for quality of 


evidence by two independent assessors, and their results reported by narrative 


synthesis. 


Results In most areas, there is limited evidence on the effect of interventions to reduce 


winter or cold related health burdens. The evidence appears most developed, but is 


still limited, in relation to housing and specifically the energy efficiency upgrade of 


housing. There is now evidence from a number of high-quality randomized 


controlled trials and other controlled observational studies both from the UK and 


internationally, especially New Zealand. The results of this evidence, though far from 


conclusive, suggests potential benefits to health in respiratory symptoms and the 


symptoms of other chronic disease, mental well-being, reduced contacts with the 


health service and absence from school or work. However the balance of costs and 


benefits appears to vary appreciably (e.g. in relation to target population, type of 


intervention etc). The evidence in relation to most other forms of intervention is 


even more limited. Specifically, there is as yet an inadequate base to judge the 


effectiveness of health forecasting and alert systems for the protection of high risk 


population groups, such as those with COPD. We also identified only fragmentary 


evidence in relation to anti-slip and gait-stabilisation devices. Although this review 


was not targeted at assembling the evidence on the efficacy of influenza vaccination, 


available evidence suggests likely benefit from improving the uptake of vaccination 


particular among the elderly and those with chronic disease. Evidence on the 


economic assessment of interventions to reduce winter-and cold-related 


mortality/morbidity is largely limited to housing interventions and is very 


heterogeneous. Overall it supports the view that there are health benefits to be 


obtained from improvements in household energy efficiency.  However, if viewed 
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solely as means of improving health these investments would (usually) not be 


justified; but once a wider range of benefits are considered they appear to be 


worthwhile investments. 


Conclusions Evidence on interventions to reduce winter-and cold-related mortality/morbidity 


remains limited. There is sufficient evidence to conclude that home energy efficiency 


interventions can be of health benefit to some population groups, and may be more 


widely beneficial to the population as a whole. However, a widespread national 


strategy of housing upgrades is most readily justified if the health, social, 


environmental and economic objectives are considered together. The overall 


economic assessment of those interventions is likely to depend in large measure on 


how health and non-health costs and benefits are counted. Further evidence is 


needed before full assessment can be made of the potential costs and benefits of 


interventions in other areas including, health forecasting and alert systems, and the 


use of anti-slip devices. It is unclear what impact variations in fuel price and the 


prevalence of fuel poverty have on health risks, and how those risks might be 


modified through measures aimed at reducing fuel costs to low income families. 
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1 Introduction 
 


1.1 Context 
 


This review builds on the previous evidence presented on vulnerability to winter and cold related 


mortality/morbidity (Review 1: Factors determining vulnerability to winter- and cold-related 


mortality/morbidity).  


Its key focus is intervention studies, drawing on both quantitative and qualitative evidence, and the 


economic analysis of such interventions. 


Much of the focus on interventions for winter-/cold mortality/morbidity relates to housing-related 


interventions and interventions related to fuel poverty (often through housing adaptations).  


However, there are many forms of action that can be taken to try to protect those most vulnerable 


to the effects of cold and adverse winter conditions in general. Those actions may include attempts 


to identify and anticipate periods of vulnerability (e.g. periods of severe or prolonged cold) and to 


ensure appropriate precautionary steps are taken by people themselves, and by health and social 


care professionals, friends and neighbours and others with opportunity to help at-risk individuals. 


Whereas the epidemiological literature about winter- and cold-related mortality/morbidity is heavily 


influenced by studies based on analysis of large routine data sets including mortality and hospital 


admissions, such outcomes are much less often the focus of intervention studies which usually seek 


to record effects on more minor disease outcomes, including measures of well-being, mental health 


status, thermal comfort and social interactions.  


1.2 Aims 
 


(1)  To review quantitative and qualitative evidence of the effect of interventions and approaches to 
prevent excess winter deaths and morbidity and the health risks associated with cold weather and 
cold homes, including unintentional consequences and outcomes. 


Interventions could include: 


 Activities that aim to increase the internal temperature of the home (or to expand the area of 
the home that is warm enough to live in). For example, energy efficiency measures and heating 
measures, including insulation 


 Measures to make it affordable to maintain a warm enough temperature in the home. For 
example, activities to encourage uptake of benefits and to boost income, and fuel pricing 
tariffs  


 Activities to support healthy behaviours among those at risk due to cold temperatures, e.g: 


o Encouraging the use of appropriate clothing - particularly out of doors 


o Information/mass media activities 


o 'Neighbourliness' initiatives 


 Other activities and interventions to address the negative health outcomes of cold weather 
and cold homes, for example: 


o medication checks 
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o vaccination programmes and other healthcare services 


o technological interventions (for example, alarms, fall alarms, distance temperature 
monitoring, weather warnings to professionals) 


o snow and ice clearance and gritting of roads and pavements 


 
(2) Review of the cost-effectiveness of interventions and approaches to prevent excess winter 
deaths and morbidity and the health risks associated with cold weather and cold homes (this would 
include unintentional adverse consequences and outcomes). 


This may include any forms of interventions listed above. 


 
 


1.3 Research questions 


 
Specific questions 


 How effective are interventions and approaches to reduce excess winter deaths and morbidity 
and the negative health consequences of cold weather and cold homes?   


 What is the comparative effectiveness of these interventions? 


 How does effectiveness vary with socio-economic, demographic, health, geographic and housing 
characteristics?  


 What are the impacts of these interventions on health inequalities? 


 What impact do these interventions have on the wider determinants of health (for example, 
carbon dioxide emissions)? 


 What adverse effects are associated with changes to energy efficiency or costs of heating (for 
example, reduced ventilation associated with increased levels of radon, over heating of homes)? 


 
For all forms of intervention we will aim to assemble and summarise quantitative data on: 


 Input costs (of the identification of at risk individuals, of warning systems, and of operational 
and other actions in the health service or social care systems) 


 Effectiveness of intervention (taking account of the effectiveness of the targeting strategies as 
well as the intervention) and quantified health impacts 


 Variations in costs and benefits by population (patient) group 
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2 Methods 


2.1 Searches 


 


Literature searches were undertaken to identify studies primarily about excess winter deaths. The 


searches were also designed to identify studies about seasonal morbidity, fuel poverty, cold housing, 


energy efficient housing, winter related accidents and health forecasting.  The search strategies 


were devised using a combination of indexed keyword terms and free text search terms appearing in 


the title and/or abstracts of database records. Search terms were identified through discussion 


between the research team, by scanning background literature and ‘key articles’ already known to 


the project team, and by browsing database thesauri.  


The literature search involved searching a wide range of databases October 2013 and grey literature 


resources. Databases searched included: MEDLINE, Social Policy and Practice, Social Science Citation 


Index, HMIC, PsycINFO, Avery Index and ICONDA International. The searches were limited to the last 


twenty years (1993-2013) and to English language publications only.  


The following databases and resources were searched:  


 MEDLINE and MEDLINE In-Process 


 EMBASE 


 Social Policy & Practice 


 Science Citation Index (SCI) 


 Social Science Citation Index (SSCI) 


 Conference Proceedings Citation Index- Science (CPCI-S) 


 Conference Proceedings Citation Index- Social Science & Humanities (CPCI-SSH) 


 Health Management Information Consortium (HMIC) 


 PsycINFO 


 Cochrane Database of Systematic Reviews (CDSR) 


 Database of Abstracts of Reviews of Effects (DARE) 


 Cochrane Central Register of Controlled Trials (CENTRAL) 


 Health Technology Assessment (HTA) database 


 NHS Economic Evaluation Database (NHS EED) 


 EconLit 


 CEA (Cost-Effectiveness Analysis) Registry 


 RePEc: Research papers in Economics 


 Campbell Library 


 Trials Register of Promoting Health Interventions (TRoPHI) 


 Database of Promoting Health Effectiveness Reviews (DoPHER) 


 Scopus 


 Avery Index 


 ICONDA International 


 PsycEXTRA 


 NICE Evidence 


 OpenGrey 


 RIBA Catalogue (Royal Institute of British Architects) 


 NYAM Grey Literature Report (New York Academy of Medicine) 
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Details of the MEDLINE and other database search strategies and their results are given in Appendix 


2. 


As a number of databases were searched, some degree of duplication resulted.  The titles and 


abstracts of bibliographic records were downloaded and imported into EndNote bibliographic 


management software to allow removal of duplicate records and subsequent processing. 


In addition, searches were made of selected relevant websites including:  


• http://www.eagacharitabletrust.org/ (EAGA Charitable Trust) 


• http://www.euro.who.int/en/health-topics/environment-and-health/Housing-and-health 


(The World Health Organization Regional Office for Europe) 


• http://www.energysavingtrust.org.uk/ (The Energy Saving Trust) 


• http://www.cse.org.uk/ (The Centre for Sustainable Energy) 


Additional searches were made of websites of key research groups in the UK and elsewhere. 


 


2.2 Inclusion/exclusion criteria for review  


 
Inclusion 


- Quantitative and qualitative primary research papers and reports presenting evidence on 
interventions aimed at reducing the risks of winter- and cold-related mortality/morbidity 
(including the effects of snow and ice) 


- Studies of populations in countries which are members of the Organization of Economic 
Cooperation and Development (OECD) 


- Publication year 1993 onwards 
- English language 


 
Exclusion 


- Studies reporting only observational evidence on health or cold-related impacts without 
direct focus on interventions 


- Reviews, commentaries and overview papers 
- Publications as conference abstracts only or as simplified summaries without details of 


research design and methods 
 
 
  



http://www.eagacharitabletrust.org/

http://www.euro.who.int/en/health-topics/environment-and-health/Housing-and-health

http://www.energysavingtrust.org.uk/

http://www.cse.org.uk/
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Flow chart of number of studies identified from different sources and numbers excluded at different stages of 
process and reasons for exclusion 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Quality appraisal processes including consistency checking within and between appraisers, 
moderation at data extraction and analysis stages 
 
Quality appraisal was made using the criteria and process for assessing intervention studies, 
qualitative studies and economic assessments as outlined in the Methods for the development of 
NICE public health guidance (third edition) Sept 2012. See Appendix 6.   


All evidence summaries were extracted by one reviewer and agreed/supplemented by the second 
reviewer. 


Various studies did not contain results that could be expressed as relative risks or equivalent, and 
published data in some cases did not allow the extraction of calculation of confidence intervals.  
Key statistics were reproduced in the most appropriate form to represent the original data. 


16,143 
unique studies after removal of 


duplicates 


425 relevant by title 


40 
selection for interventions 


review 


43 
final selection 


15,718 exclusions after 


selection by title 


374 exclusions after 


review of abstracts 


2 additions from other 


searches 


26,641  
studies identified 


10,498 duplicate studies 


11 
selection for economics 


analysis review 


13 
final selection 


3 additions from other 


searches 
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2.3 Criteria for applicability 


 
Studies were included if they contained data relevant to any form of intervention relevant to 
reduction of winter-/cold-related health burdens. There was no restriction in terms of health 
outcome or study design.  Studies therefore included randomized controlled trials, other controlled 
interventions including before-after studies. We also included simulation studies of interventions 
where these were felt helpful to understanding the potential impacts of outcomes not usually 
quantifiable by direct observation because of long time lag (e.g. radon-related lung cancer risks) 
and mortality outcomes relating to disease induction as well as precipitation by cold temperature. 


We selected papers from countries in the Organization of Economic Cooperation and Development. 


 


2.4 Methods of synthesis and data presentation 


 
For intervention studies, in addition to the summary tables of evidence (Appendix 5) we summarise 
findings in the following ways: 
 
(1)  By narrative description, highlighting main findings and strengths and weaknesses; 


(2) For studies presenting quantitative associations of housing interventions with health, we 


graph measures of those associations as ratios (Figures 1-4) using forest plots. All symptoms 


are patient or parent reported unless indicated. 


Associations which were represented as a difference (e.g. of symptom score or number of 


episodes) rather than ratio of odds or rates (intervention/control)  were transformed to a ratio 


scale by dividing estimated differences by the mean of the variable in the intervention group, 


pre-intervention or the control group if there were no pre-intervention measures .  All ratios 


are oriented so that a beneficial effect of the intervention is represented by a ratio below one.  


In studies presenting several related outcomes (e.g. symptoms of wheeze) we selected the 


one we judged to have an association with the intervention representative of the group of 


outcomes. Where associations were published in more than one form (e.g. unadjusted and 


adjusted for confounders) or more than one publication we selected the result we judged the 


most robust.  While judgement for selection is inevitably somewhat subjective, we sought 


selections that represent a balanced picture of what the studies found. Some studies, for 


example those reporting only p-values or “no significant” associations with intervention could 


not be included on the graph.  No summary measures of effect are included as the studies, 


methods and measures of outcomes were generally heterogeneous. 


(3) By use of a summary table to indicate the form and direction of effect for different outcomes 


reported in the different studies (Table 1).  Papers and reports relating to the same specific 


study/intervention are grouped together.  In this table, an up arrow ↑ is used to indicate 


improvement in indoor environmental conditions or health status etc (e.g. reduced 


symptoms), while a down arrow indicates a deterioration of conditions or health. These 


variables are shown with an asterisk (*) in the column headings. However, for outcomes that 


indicate frequencies (e.g. GP visits, frequency of hospital admission) the arrow indicates the 


change in frequency.  Thus, for these variables, shown with † in the column heading, the down 
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arrow ↓ signifies reduction in number of events/GP visits/hospital admissions etc – an 


improvement in outcome.  A double-headed horizontal arrow ↔ is used to indicate no clear 


evidence of increase or decrease.  Where an up arrow or down arrow is contained in brackets 


it signifies a ‘suggestive’ trend of increase or decrease but not statistically significant.  The 


judgement of when a pattern is suggestive of a trend is of course subjective and somewhat 


arbitrary. 


For economic studies, because of their heterogeneity, we provide narrative description only in 


addition to the summary tables of evidence (Appendix 5). 


Each description of evidence is concluded with a summarizing ‘evidence statement’ that attempts to 


sum up the number and strength of studies pointing to particular conclusions. 
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3 Findings - Effectiveness 
 


3.1 Intervention studies overview table 


 
Table 1 presents a summary of the findings on the effectiveness of interventions by intrervention 
category. 
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Table 1. 
Ref 
no. 


 Study, reference and (in brackets) 
grading 


Study design Country 
(setting) 


Target groups Outcomes 
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  Housing & fuel poverty interventions               


1 Experiment of 
room heating 


Saeki et al. JECH 2013; 67(6): 484-90.
1
 


(++/+) 
Assessor blinded, 
simple RCT 


JPN 146 healthy 
participants 


Ambulatory blood pressure 
measurements 


      ↑    


2 CHARISMA 
study: asthma 


Woodfine et al. Br J Gen Pract 2011; 
61(592): e724-32.


2
  (++/++) 


Pragmatic RCT Wales Asthmatic 
children 


PedsQL quality of life score (three 
dimensions); school absence 


   ↑      ↔ 


3 RCT of energy 
efficiency 


Heyman B et al. Housing Studies 
2011; 26(1): 117-32.


3
   (+/+) 


Pragmatic RCT ENG Families in fuel 
poverty 


Respondent answers to survey ↑     ↔     


4 NZ trial of 
healthy 
housing 


Jackson et al. J Epidemiol Community 
Health 2011; 65(7): 588-93.


4
  (+/++) 


Before-after 
(within-person, 
crossover design) 


NZ 
 
 


Healthy housing 
programme 


Acute hospital admission (by age-
group): all admissions and for 
outcomes ‘sensitive to housing’ 


         ↓ 


5 Frankfurt 
housing study 


Braubach M et al. World Health 
Organization, 2008.


5
  ((-/+)/ +) 


Controlled 
observation study  


GER Frankfurt 
housing agency 


Indoor environment; mental well-
being; health status & symptoms 


↑   ↔ ↓ ↔     


6 
7 
8 
9 


NZ study of 
seven low 
income 
communities 


Howden-Chapman P et al. BMJ 2007; 
334(7591): 460.


6
  (++/++) 


 
Howden-Chapman et al. BMJ 2008; 
337:a1411.


9
 (++/++) (Heating 


intervention) 
 
Chapman R et al. JECH 2009; 63(4): 
271-7.


7
  (++/++) 


 
Howden-Chapman et al. Int J Public 
Health 2011; 56(6): 583-8.


8
  (++/++) 


(NB This last paper summarizes data 
from two NZ studies) 


Community 
based, cluster, 
single blinded 
randomized study 
(energy 
efficiency) 
 
RCT of heating 
intervention for 
childhood asthma 


NZ 1,350 h’holds 
(4,407 people) in 
7 low income 
communities (3 
urban, 4 rural) 
with at least one 
occupant with 
chronic resp 
condition 
 
Heating 
intervention in 
409 households 
with child aged 
6-12 years with 


Indoor temp, rel. humidity; 
energy consumption; 
Self-reported: wheezing, days off 
school and work, visits to general 
practitioners, hospital admission 
Self-reported health, comfort and 
wellbeing, primary care (GP) 
visits, days off school and work. 
Independent measures of 
temperature, relative humidity, 
mould, endotoxin, β-glucans, 
house dust mite allergens, GP and 
hospital visits. 


↑  
 


↓ ↑ ↑ ↑  ↓ ↓ ↔ 
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doctor-diagnosed 
asthma 


10 
8 


NZ study of 
households 
with 
asthmatic 
children 


Free S et al. JECH 2010; 64(5): 379-
86.


10
  (++/++) 


 
Howden-Chapman et al. Int J Public 
Health 2011; 56(6): 583-8.


8
  (++/++) 


(NB This paper summarizes data from 
two studies) 


Single-blinded 
RCT 
 


NZ 409 households 
with 6-12 year 
old child with 
asthma + main 
heating from 
plug-in electric 
heater or unflued 
gas heater. 


Term-by-term school absence for 
2006 and previous years (where 
available) 
Children kept daily diaries with 
twice-daily recordings of lung 
function (PEFR and FEV1), 
respiratory symptoms and 
medication. School attendance. 


↑   ↑  ↑  ↓ ↓  


11 Housing 
intervention 
for COPD 


Osman et al. Eur Respir J 2010; 35(2): 
303-9.


11
  


RCT  SCO 
 


178 patients  
with hospital 
adm for COPD 


Respiratory and general health 
status; home energy efficiency; 
hospital admission. 


   ↔      ↔ 


12 
13 
14 
15 


Warm Front 
evaluation 


Green G and Gilbertson J. CRESR, 
Sheffield Hallam University, 2008.


12
  


(+/+) 
- which summarizes more detailed 
data from:  
Warm Front Study Group. Summary 
of papers. London: DEFRA, 2006.


13
   


 
Critchley R. Applied Energy 2007; 
84(2): 147-58.


14
  (+/++) 


 
Gilbertson et al. Energy Policy 2012; 
49(1): 122-33.


15
  (+/+) 


Controlled 
before-after 
comparison: 
natural 
experiment 


ENG 
(five 
urban 
areas) 
 


Low income 
households:  
Warm Front 
recipients 


• indoor temperatures, relative 
humidity, energy use 
• health status 
• quality of life (Short-Form  36, 
General Health Questionnaire, 
EuroQol 5D)  
• modelled cold- and winter-
related changes in mortality 
• air infiltration & quality 
• in-depth interviews with a 
h’hold member in 49 dwellings 


↑ ↓ ↔ ↔ ↑ ↔     


16 Newham fuel 
poverty 
intervention 


El Ansari W et al. Chronic Illn 2008; 
4(4): 289-94.


16
  (+/+) 


Ecological 
observational 
study (controlled 
before-after 
comparison) 


ENG 
 


25,000 residents 
>=65 years, 
London borough 
Newham 


Hospital admission for resp. 
disease, cardio-vascular disease, 
all causes. (Only resp. disease 
reported in relation to fuel 
poverty and winter/summer ratio) 


   ↔       
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17 Domestic 
heating 
programme 


Walker J et al. JECH 2009; 63(1): 12-
7.


17
  (+/++) 


Prospective 
controlled study 


SCO 
 
 
 


1,281 h’holds 
receiving new 
central heating; 
1,084 
comparison 
households 


Self-reported diagnosis of asthma, 
bronchitis, eczema, nasal allergy, 
heart disease, circulatory 
problems or high blood pressure. 
Primary care and hospital 
contacts in the past year. SF-36 
Health Survey scores 


↑   ↑  ↑   ↔ ↔ 


18 Glasgow 
thermal 
quality study 


Lloyd et al.  JECH 2008; 62(9): 793-7.
18


 
(+/+) 


Before and after 
study 


SCO Glasgow Changes in blood pressure, 
general health and financial 
status. 


  ↓   ↑ ↑   ↓ 


19 
20 


Watcombe 
(Torbay) 
Housing Study 


Barton et al. JECH 2007; 61(9): 771-
7.


19
  (++/++) 


 
Richardson et al. Sci Total Environ 
2006; 361(1-3): 73-80.


20
  (+/+) 


Randomised to 
waiting list:  
 
before and after 
intervention 
study 


ENG 
 


119 houses in a 
Torbay socially 
rented housing 
estate 


Indoor environment. Annual SF36 
and GHQ12 (adults). Condition-
specific questionnaires for 
residents reporting respiratory 
illness or arthritis, the former also 
completing peak flow and 
symptom diaries (children) or 
spirometry (adults). Health 
service use and time off school.  


↑ ↔  ↑ ↔ ↔     


21 New 
Brunswick 
and Nova 
Scotia energy 
efficient new 
homes study 


Leech et al. Indoor Air 2004; 14(3): 
169-73.


21
 ((+/-)/(+/-)) 


Controoled  
comparison of 52 
energy efficient 
new homes  & a 
control group of 
53 other new 
homes 


CAN  267 people in 
105 homes (New 
Brunswick and 
Nova Scotia) 


Propspective questionnaire of 
self-reported (graded) general 
and respiratory symptoms, 
asthma diagnosis, COPD or heart 
condition, medication use. 


   ↑  ↑ ↑    


22 Cornwall 
home heating 
study 


Somerville et al. Public Health 2000; 
114(6): 434-9.


22
  (+/+) 


Before and after 
study. 


ENG 
 
 


72 children with 
asthma living in 
59 damp homes 
(Cornwall) 


Symptom-based questionnaire for 
asthma. Included frequency (in 
previous month, scored 0 to 4) of 
breathlessness.   
Number of days lost from school 
in the previous 3 months. 


   ↑    ↓   


23 Longitudinal 
study of 
housing and 
health 


Hopton J and Hunt S. Housing Studies 


1996; 11(2):271-286.
23


 (+/+) 


Longitudinal 
(before and after) 
study. 


SCO 997 households 
on an isolated 
housing estate. 


Self-reported health status, 
including symptoms and reported 
health status of adults and any 
children present, use of health 


   ↔  ↔     
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services; chronic illness in the 
household 


Housing simulations 


24 Health 
impacts of 
GHG 
mitigation 


Wilkinson et al. Lancet 2009; 
374(9705):1917-29.


24
 ((-/+)/++) 


Simulation study 
of indoor 
environment with 
quantitative 
health impact 
modelling 


UK Simulation of the 
UK housing stock 
and population 


Building-physics simulation of 
changes in indoor winter 
temperatures, PM2.5, 
environmental tobacco smoke 
(ETS), carbon monoxide (CO), 
mould and radon. 
Associated health impacts 


↑ ↔ ↓ ↑   ↑    


Non-housing interventions 


Health forecasting 
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25 COPD health 
forecasting 


Bakerly et al. Chron Resp Dis 2011; 
8(1): 5-9. 


25
  (+/+) 


Before-after 
comparison 


ENG 
 


COPD patients (3 
primary care 
practices) 


Hospital admissions for acute 
exacerbations; HCU for these 
patients  


 ↔ ↓ ↓  


26 COPD health 
forecasting 


Halpin et al.  Prim Care Resp J 2011; 
20(3): 324-331.


26
  (+/+) 


Prospective 
randomised 
controlled trial 


ENG COPD patients 
(participants of 
Met Office alert 
system) 


Smartphone patient-completed 
daily diary.  Patients were 
contacted and assessed if signs of 
exacerbation. 


(↓)     


27 COPD health 
forecasting 


Maheswaran et al. J Public Health  
2010; 32(1): 97-102.


27
  (+/++) 


Before-after 
comparison 


ENG  COPD patients 
(Bradford and 
Airedale) 


Practice level COPD admission 
counts during two winter periods. 


 ↔    


28 COPD health 
forecasting 


Marno et al. J Health Serv Res Policy 
2010; 15(3): 150-5.


28
  (-/+) 


Cross-sectional 
questionnaire 
survey  
 


UK  Service users 
from 189 general 
practices, end of 
2007/08 winter 


Acceptability and utility of service 
to users; GP consultation 


    ↑ 
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Influenza vaccine & winter mortality 
COPD seasonal 
mortality rate† 


Overall seasonal 
mortality rate† 


29 Vaccination 
law 


Kiyohara et al. Eur J Public Health 
2013; 23(1): 133-9.


29
  (+/+) 


 


Before-after 
comparison  
 
 


JPN 
 
 
 


Population-level  
(nationwide) 
study, Jan 1995 
to Dec 2009 


Monthly COPD deaths by gender 
and age from the Monthly Vital 
Statistics Reports 


 
↓ 


(elderly only, 
winter) 


 


30 Influenza 
vaccination 
and flu 
season 
mortality 


de Diego et al. Eur Heart J 2009; 30: 
209-16.


31
  (+/+) 


 
Vila-Corcoles et al. Int J Clin Pract 
2008; 62(1): 10-7


30
 (+/+) 


 
Vila-Corcoles et al. Vaccine 2007; 25: 
6699-707.


32
  (++/+) 


Prospective 
cohort study of 
1298 community-
dwelling elderly 
and elderly with 
heart or chronic 
pulm. disease 


ESP 
 


Elderly; those 
with heart 
disease or 
chronic 
pulmonary 
disease 


All-cause death during influenza 
periods (January-April) 


 ↓ 
(reduced flu 
season/winter 
mortality among 
the elderly and 
elderly with heart 
disease or COPD) 


Anti-slip/fall devices 


33 Anti-slip 
devices 


Berggard G and Johansson C. Accid 
Anal Prevent 2010; 42:1199-1204.


33
  


((-/+)/(-/+)) 
 


Comparison of  
groups ‘randomly 
allocated’ to 
receive 1 of 3 
anti-slip devices 


SWE Healthy adults 
employees at 
Luleå University 
of Technology 


Falls; distanes walked Users of anti-slip devices walked 
appreciably further per day than non-
users at a very similar daily risk of falls 
but therefore lower risk of falls per 
kilometre walked 


34 Anti-slip trial Parkin et al. NZ Med J 2009; 
22(1298):31-8.


34
  ((-/+)/-) 


Randomized 
controlled trial 


NZ 30 pedestrians 
travelling 
downhill 
direction on icy 
public footpath 


Primary: difference in mean self-
reported slipperiness (5-point 
scale). Secondary: falls, observer-
rated slipperiness, observer-rated 
confidence, time to descend slope 


Reduction in self-reported and observer-
rated slipperiness 


35 Gait 
stabilizing 
devices 


McKiernan FE. J Am Geriat Soc 2005; 
53(6): 943-7.


35
  (+/+) 


Prospective, 
randomized, 
intervention trial 


USA 
 


Ambulatory, fall-
prone people 
aged 65+ years 


Number of indoor and outdoor 
slips, falls and injurious falls 
recorded in daily diary. 


Lower risk of slips, falls and injurious 
falls 


Thermal clothing 
Days in 
hospital† 


GP visits† Self rated 
health* 
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36 Thermal 
clothing in 
heart failure 


Barnett et al. BMJ Open 2013; 3: 
e002799.


36
  (+/+) 


Randomised 
controlled trial 
(pilot) 


AUS 
 


Heart failure 
patients 50+ yrs 
not in residential 
care 


Primary: mean number of days in 
hospital. Secondary: number of 
GP visits; self-rated health (SF-36) 


(↓) (↓) (↑) 


* -- up arrow ↑signifies improvement in indoor environmental conditions, health status etc (e.g. reduced symptoms) 
† -- down arrow ↓ signifies reduction in number of events/GP visits/hospital admissions etc 
Where arrows are contained in brackets it indicates a non-statistically significant change 
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3.2 Intervention studies – Housing  


 


3.2.1 Housing interventions - overview 


 


Studies of housing and/or fuel poverty interventions account for the large part of the identified 


intervention studies.  They include: 


--randomized trials: a study of ventilation and heating for the management of children with asthma 


in Wrexham, Wales2, a pragmatic randomized trial in NE England (quality rating +);3  two community 


single-blinded randomized trials in New Zealand (both ++);8  10  7 and a randomized trial of housing 


interventions for COPD patients in Scotland (+)11 


-- before-after comparisons including of a housing intervention in Torquay (+),19 20 in Cornwall (+),22 


and controlled before-after comparisons of Warm Front energy efficiency interventions in five urban 


areas of England (+),12 a controlled study of housing intervention in Scotland (+),18 and a before-after 


evaluation of a housing intervention in New  Zealand4 


-- an area-level observational study of a natural experiment in London (+) 16  


-- a natural experiment of new housing in Canada.21 


-- a Japanese experimental study of home heating control and its influence on blood pressure 


variation1 


In addition we included one non-experimental simulation study of energy efficiency housing 


improvements in the UK (+)24 because of its relevance to long-term outcomes not measureable in 


normal observational studies. 


 


3.2.2 Housing interventions – Experimental studies: randomized trials and observational 


studies of natural experiments 


 


A diverse range of housing studies has been published.  Key outcomes from those with published 


quantitative effect estimates are summarized in Figure 1. 


A recent Japanese study by Saeki et al,1 is a somewhat unusual parallel group, assessor blinded, 


simple randomized controlled study of 146 healthy participants on the effect of heating control 


(rather than housing refurbishment) on ambulatory blood pressure (BP) measurements.  Its aim was 


to determine whether intensive room heating in winter decreases ambulatory BP as compared with 


weak room heating (defined as a level of heating with 10°C lower target room temperature than the 


intensively heated room). Ambulatory BP was measured while the participants stayed in 


experimental rooms from 21:00 to 8:00. During the session, participants could adjust the amount of 


clothing and bedclothes as required. The key findings were that, in the intensive room heating 


group, systolic morning BP (mean BP 2 h after getting out of bed) was significantly lower by 5.8 mm 


Hg (95% CI 2.4 to 9.3) compared with those in the weak room heating group, and their sleep-trough 


morning BP surges substantially less than in the weak room heating group (14.3 vs 21.9 mm Hg; 
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p<0.01).  This provides evidence for one possible mechanism of adverse cardiovascular effect of cold 


exposure. 


 


Saeki 2013, JPN, RCT
..Morning BP: systolic
..Morning BP: diatolic
..Morning systolic BP surge
..Prewaking surge


Woodfine 2011, Wrexham, UK, RCT
..Asthma scale (children, asthma)
..Physical scale (children, asthma)
..Psychoscial scale (children, asthma)
..Days off school, asthma (children)
..Days of school, any cause (children)


Jackson 2011, NZ, Obs - no control
..Avoidable hosp adm: 0-4
..Avoidable hosp adm: 5-34
..Avoidable hosp adm: 35+


Free 2010, NZ  child , RCT
..school absence (asthma)


Osman 2010, Aberdeen, RCT
..COPD symptom score


Walker 2009, Scotland, Obs
..Current HBP
..Asthma attacks
..Ever diag HD
..SF36 GH score
..GP visits


Braubach 2008, Frankfurt, D, Obs
..Depression


Howden-Chapman 2008, NZ  child , RCT
..PEF
..Wheeze  (overall)
..GP vis. asthma (record)


Howden-Chapman 2007, NZ, RCT
..Wheeze 3m
..Low happiness (SF-36)
..Low vitality (SF-36)
..Poor GH
..GP visits (record)
..Hosp adm. Resp
..Hosp adm. Any


Shortt 2007, N Ireland, Obs
..Asthma
..Chest inf/bronchitis
..Stress/mental illness


Lloyd 2007, Glasgow, Obs
..SBP (meas)
..DBP (meas)


Barton 2007, Devon, RCT
..Asthma score adult
..Asthma score child


WF Study Group 2005, England, Obs
..Poor MH (GHQ12 4+)


Somerville 2000, Cornwall, Obs -no control.
..Days off school for asthma


Hopton 1996, Scotland, Obs
..Feeling down (children)
..Irritability (children)
..Temper tantrums (children)


ID
Study


ref 1: T2, trans*
ref 1: T2, trans*
ref 1: T2, trans*
ref 1: T2, trans*


ref 2: T3, trans*
ref 2: T3, trans*
ref 2: T3, trans*
ref 2: F2, trans*
ref 2: F2, trans*


ref 3: T5,
ref 3: T5,
ref 3: T5,


ref 10: T3,


ref 11: T2, trans*


ref 17: T3,
ref 17: T3,
ref 17: T3,
ref 17: T3, trans*
ref 17: T3,


ref 5: F49,


ref 9: T2, trans*
ref 9: T4,
ref 9: T5, trans*


ref 6: T6,
ref 6: T6,
ref 6: T6,
ref 6: T6,
ref 6: T8,
ref 6: T7,
ref 6: T7,


ref 39: T4,
ref 39: T4,
ref 39: T4,


ref 18: T3, trans*
ref 18: T3, trans*


ref 19: T4, trans*
ref 19: T5, trans*


ref 14: T2,


ref 22: T5, trans*


ref 23: T7,
ref 23: T7,
ref 23: T7,


source


ref 1: T2, trans*
ref 1: T2, trans*
ref 1: T2, trans*
ref 1: T2, trans*


ref 2: T3, trans*
ref 2: T3, trans*
ref 2: T3, trans*
ref 2: F2, trans*
ref 2: F2, trans*


ref 3: T5,
ref 3: T5,
ref 3: T5,


ref 10: T3,


ref 11: T2, trans*


ref 17: T3,
ref 17: T3,
ref 17: T3,
ref 17: T3, trans*
ref 17: T3,


ref 5: F49,


ref 9: T2, trans*
ref 9: T4,
ref 9: T5, trans*


ref 6: T6,
ref 6: T6,
ref 6: T6,
ref 6: T6,
ref 6: T8,
ref 6: T7,
ref 6: T7,


ref 39: T4,
ref 39: T4,
ref 39: T4,


ref 18: T3, trans*
ref 18: T3, trans*


ref 19: T4, trans*
ref 19: T5, trans*


ref 14: T2,


ref 22: T5, trans*


ref 23: T7,
ref 23: T7,
ref 23: T7,


source


  
1.2 .5 .75 1 1.25


Intervention/control ratio


All main health outcomes
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Figure 1. Forest plot of intervention/control ratios for selected outcomes for housing-related 


interventions.  Note: trans* indicates that the intervention/control ratio is calculated from a 


difference measure. 


 


A more conventional housing adaptation study was undertaken by Woodfine and colleagues2 in 


Wrexham County Borough, Wales, to evaluate the effectiveness of installing ventilation systems and 


central heating where necessary, in the management of children with moderate or severe asthma: a 


pragmatic randomized controlled trial known as the CHARISMA study.  It entailed a targeted package 


of housing adaptations primarily focused on mechanical ventilation to the bedroom, but with the 


addition of central heating in a subset. The results shown in Figures 1, 2 and 5 are for this subset 


with ventilation plus central heating installation (n=19 + 19).  Key outcomes, assessed after 4 and 12 


months, included (parent-reported) asthma-specific and generic quality of life, and days off school.  


At 12 months the PedsQL quality-of-life scores were appreciably better in the intervention group: 


with differences (adjusted for baseline) of 9.3 (–1.9, 20.6) on the overall asthma scale, 10.3 (–1.7, 


22.4) on the physical scale and 0.6 (–10.1, 11.3) on the psychosocial scale. Parent-reported school 


attendance improved, but not significantly. 


Other studies include a randomized controlled trial by Heyman and colleagues in north-east England 


of energy efficiency interventions for families living in fuel poverty.3  237 households in full or 


marginal fuel poverty were recruited, randomly allocated to the trial (n=129) or control group 


(n=108), and received the intervention. Households were observed over a four year period, with an 


energy efficiency intervention in year three in the ‘trial group’ and in year four in the control 


(comparison) group.  The intervention improved energy efficiency as measured by the standard 


assessment procedure (SAP) rating (effective range 0-100) by 12 points, and room temperature of 


approximately one degree Celsius, though heating expenditure was not reduced. The intervention 


generated improvements in satisfaction with household warmth, but not in self-reported health 


though there were modest correlations between room temperatures and better social functioning, 


as measured by the SF36. 


The Watcombe Housing Study entailed the randomization to early (‘intervention’ dwellings, n=50) or 


deferred (control dwellings, n=69) housing upgrades (including central heating, ventilation, rewiring, 


insulation, and re-roofing) to dwellings in the Watcombe Housing estate in Torbay, Devon, with data 


gathered on 480 residents of these properties.19  20 All residents completed an annual health 


questionnaire (SF36 and GHQ12), and residents reporting respiratory illness or arthritis were 


interviewed using condition-specific questionnaires.  Those with respiratory symptoms also 


completing peak flow and symptom diaries (children) or spirometry (adults). Data on health service 


use and time lost from school were collected.  The interventions were associated with improved 


winter indoor temperatures, unsustained reduction in wall dampness (reverted to pre-intervention 


levels within a year), and significant reductions in non-asthma-related chest problems (p = 0.005) 


and the combined asthma symptom score for adults (p = 0.007) but no difference between 


intervention and control houses for SF36 or GHQ12 scores.  Thus small overall health benefits 


measured only over the short term.  


In a randomised trial of home energy improvements in the homes of 178 elderly patients with 


Chronic Obstructive Pulmonary Disease (COPD) in Aberdeen, Scotland,11 Osman and colleagues also 
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found mixed evidence.  However, it should be noted that energy efficiency upgrading was carried 


out in only 42% of homes randomized to intervention, and independent energy efficiency action was 


taken by 15% participants in the control group (and in 18% of those in a ‘monitoring only’ group). 


The main outcome measures were respiratory and general health status, home energy efficiency and 


hospital admissions.  On an intention-to-treat analysis, there was no difference in outcomes 


between intervention and control groups, although there were in the 45 patients who had energy 


efficiency action independent of original randomization: significant improvements in respiratory 


symptom scores (adjusted mean 9.0, 95% CI 2.5-15.5) not associated with an increase in indoor 


warmth, decreases in estimated annual fuel costs (-£65.3, 95% CI -£31.9 to -£98.7) and improved 


home energy efficiency rating (increment of 1.1, 95% CI 0-1.4 on a ten-point grading scale). 


Two high quality (++) randomized controlled trials from New Zealand provide evidence in particular 


in relation to impact on respiratory health status.  A cluster randomised study in the community by 


Howden-Chapman and colleagues6 examined the impact of insulating homes on indoor 


temperatures and the occupants' health and wellbeing.  Based on 1350 households containing 4407 


participants in seven low income communities, measurements were made of indoor temperature, 


relative humidity, energy consumption, self reported health, wheezing, days off school and work, 


visits to general practitioners, and admissions to hospital.  Insulation improved bedroom 


temperatures during the winter (0.5 degrees C) and decreased energy consumption by 19%. These 


changes were associated with reduced odds in the insulated homes of fair or poor self rated health 


(adjusted odds ratio 0.50, 95% confidence interval 0.38 to 0.68), self reports of wheezing in the past 


three months (0.57, 0.47 to 0.70), self reports of children taking a day off school (0.49, 0.31 to 0.80), 


and self reports of adults taking a day off work (0.62, 0.46 to 0.83), fewer general practitioner visits 


(0.73, 0.62 to 0.87), and (statistically insignificant) reduction in hospital admissions for respiratory 


conditions (0.53, 0.22 to 1.29). It should be noted that the households included in the study had at 


least one member with current respiratory symptoms, which may increase effect sizes, and 


contained a high proportion of Maori and Pacific people (who have relatively high morbidity and 


premature mortality). 


A second New Zealand study, 8 10 the Housing, Heating and Health Study, investigated the impact of 


installing more effective heating in insulated houses for 409 households containing at least one child 


aged 6-12 years with doctor-diagnosed asthma. The intervention was associated with improved 


indoor temperatures, lower levels of NO2 and children reported less poor health, lower levels of 


asthma symptoms and sleep disturbances by wheeze and dry cough. Children in households 


receiving the intervention experienced on average 21% (p=0.02) fewer days of absence from school 


after allowing for the effects of other factors. 


Before-after comparisons include a study by Walker and colleagues (quality rating +) on the effects 


of a publicly funded heating programme in Scotland.17 This was a prospective controlled study of 


1281 households receiving new central heating compared with 1084 households not receiving new 


heating. The main outcome measures were self-reported diagnosis of asthma, bronchitis, eczema, 


nasal allergy, heart disease, circulatory problems or high blood pressure; number of primary care 


encounters and hospital contacts in the past year; and SF-36 Health Survey scores. Its results provide 


evidence that intervention was associated with various positive health effects, albeit modest in 


magnitude.  Those receiving heating upgrades were more likely to report satisfaction with the 


heating (OR 4.96, 95%CI 3.87, 6.37).  Among 30 specific measures of health outcome, recipients 
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were less likely to report a first diagnosis of heart disease (OR 0.69; 95% CI 0.52 to 0.91) or high 


blood pressure (OR 0.77; 95% CI 0.61 to 0.97), and better scores on the SF-36 Physical Functioning 


scale (difference 2.51; 95% CI 0.67 to 4.37) and General Health scale (difference 2.57; 95% CI 0.90 to 


4.34). Groups did not however differ in contacts in primary care or with hospital services and, 


according to the authors, the interpretation of the self-reported results for first diagnosis with heart 


disease or high blood pressure remains uncertain given the limited time period and the failure to 


detect any difference in health service use. 


Among other before-after comparison studies is the evaluation of the health impacts of the Warm 


Front scheme – a home energy efficiency programme for England targeted at low income 


households.12 13 14 This study entailed observation of 3,099 dwellings undergoing Warm Front 


improvements over the winters of 2001-02 and 2002-03 in five urban areas of England: Birmingham, 


Liverpool, Manchester, Newcastle and Southampton.  These dwellings underwent a property survey, 


and a subset of 1064 dwellings had detailed measurements of temperature and relative humidity.  In 


2,917 households, a computer assisted personal interview was undertaken with a household 


member. Measurements were made of changes in indoor environment conditions, general health 


status, thermal comfort and mental well-being.  Warm Front housing improvements were associated 


with: increases in indoor temperatures (day-time living room temperatures 1.6°C higher than pre-


intervention dwellings, and night-time bedroom temperatures were 2.8°C higher in dwellings with 


both insulation and a new heating system); reduction in relative humidity and risk of mould growth; 


little change in average air  infiltration rate; satisfaction with the improved and more controllable 


warmth (including reported perceptions of improved physical health and comfort, especially of 


mental health and emotional well-being); evidence of improved mental health based on the results 


of the twelve question General Health Questionnaire (GHQ-12) score (adjusted odds ratio of 0.47 


(0.28, 0.80) for the risk of having a GHQ-12 score of 4+ in those that recently benefited from 


insulation and heating improvements).The introduction of central heating, although theoretically 


associated with an improvement in heating efficiency, appeared to result in a rise in fuel 


consumption even after adjusting for increased internal temperatures. 


 


Somerville and colleagues have reported an uncontrolled study of home heating installation (gas 


central heating in 28/59 (47%) houses, electric storage heaters in 22/59 (37%), solid fuel central 


heating in 7/59 (12%) and oil-fired central heating in 2/59 (4%)) on the health of children with 


asthma,22  with the aim of evaluating the use of NHS money to improve health by improving housing 


conditions. The before-after comparisons were made of the symptom status of 72 children with 


previously diagnosed asthma living in 59 damp houses in Cornwall.  The children's health was a 


symptom-based outcome measure for asthma and time lost from school. Interventions were 


associated with an improvement of 2.1 on the 10-category National Home Energy Rating scale (95% 


CI 1.68-2.47, P<0.001) in the 37/59 (62%) houses for which two readings were available. Respiratory 


symptoms were significantly reduced after intervention; the greatest reduction was seen in 


nocturnal cough from a median score of 3 (most nights) to 1 (on one or several nights) (P<0.001) in 


the previous month. School-age children lost significantly less time from school for asthma in the 


previous 3 months (9.3 days per 100 school days before intervention and 2.1 days afterwards, 


P<0.01) but not for other reasons (1.4 days per 100 school days before and 3.2 after, P>0.05).  


Caution is needed in the interpretation of results given the lack of a control group.  







26 


 


A controlled before-after study of thermal quality improvements in four blocks of flats in the Easthall 


area of Easterhouse in Glasgow measured changes in blood pressure, general health and financial 


status.18  In the intervention subjects, there was markedly reduced expenditure on heating costs and 


other previous expenses.  Their systolic and diastolic blood pressures fell (p<0.000) and there was an 


improvement in subjectively reported general health and as indicated by a reduction in the use of 


medication and in hospital admissions. There were no changes in the control subjects in any of these 


measures. 


Another study examined the data at area level on excess winter mortality in people aged 65+ years 


following the implementation of the Warm Zone fuel poverty reduction scheme.16  The before-after 


change in the London borough of Newham was compared to that for all London, employing data 


from before and throughout the duration of the Warm Zone project.  No clear evidence was found 


to support the effect of the Warm Zone on EWM.   


Outside of the UK, another New Zealand study by Jackson and colleagues 4 evaluated a healthy 


housing programme involving 9,736 residents of 3,410 homes in suburbs of Mangere, Manurewa or 


Otara in South Auckland, New Zealand from September 2001 to December 2007. All particpants 


lived in areas of relative deprivation and almost all self-identified as members of the Pacific ethnic 


group. The housing improvements entailed not only improvements to ventilation but also 


modifications to reduce overcrowding and improve ventilation, with the main outcome being acute 


hospitalisation rates before, during and after the intervention. Using a Cox proportional hazard 


model, hazard ratios for hospital admission in the intervention group compared with the control 


were as follows: 0-4 years:  0.89 (95% CI 0.79, 0.99); 5-34 years:  0.77 (95% CI 0.70, 0.85); 35 years+: 


1.04 (95% CI 0.95, 1.15).  When the causes of hospitalisation were restricted to those related to 


housing, HRs were: 0 to 4 years: 0.88 (95% CI 0.74, 1.05); 5-34 years:  0.73 (95% CI 0.58, 0.91): 35 


years+: 1.31 (95% CI 1.09, 1.56).  The authors conclude that the study provides evidence that 


addressing housing conditions is associated with a reduced acute hospitalisation rate for 0-34 year 


olds. It should be noted however that the package of housing improvements here were not confined 


to energy efficiency measures, and in particular reduction in overcrowding as well as ventilation 


improvements. 


A Canadian pilot study (Leech et al, 2004 21) used telephone-administered questionnaires to 


compare the outcome of 128 occupants of 52 new homes built to energy efficient standards (R-2000 


homes) and with heat recovery ventilators with that of a comparison group of 149 occupants of 53 


other similar cost new homes built in the same year and location. Intervention occupants' 


summative symptom scores improved significantly over the year of occupancy (Wilcoxon rank sum 


test, P < 0.006). Analysis of variance of individuals' total symptom scores showed a significant effect 


of the house type: occupants of case homes reported more improvement than the control 


population in terms of throat irritation (P < 0.004), cough (P < 0.002), fatigue (P < 0.009) and 


irritability (P < 0.002) with the main change in symptom category being from 'sometimes' to 'never'.   


An earlier, relatively small, controlled longitudinal study by Hopton and Hunt sought to  evaluate the 


effects of an improved heating system (the "heat with rent" scheme) on the health of children living 


on a Scottish housing estate.23  Comparisons of the ‘heat with rent’ (intervention) group (n=55) with 


the ‘no heat with rent’ group (n=77) provided mixed evidence.  Over the course of the study, various 


health markers deteriorated.  For child health, there was evidence of relative benefit for the 
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intervention group only in relation to one outcome (aches and pains, p<0.05) though the pattern 


appeared to suggest more deterioration in the comparison group. 


Another relevant study has used simulation/modelling to examine the potential effect of home 


energy efficiency interventions on health, including through long term changes to the indoor 


environment with impact on indoor air quality (particle pollution, second hand tobacco smoke, 


carbon monoxide, radon, mould) and temperature.24  Outcomes included potential (lagged) 


mortality outcomes, as well as estimates of adverse consequences on mental well-being.  As a 


modelling study, the results do not provide direct empirical evidence, but do provide useful pointers 


to long term impacts of home energy efficiency interventions and their impacts on rare disease 


outcomes, including mortality and cancer risk not measureable in more short-term observational 


studies.  Its results suggest overall net benefit from the sort of interventions needed to meet 


medium term housing energy efficiency upgrades (consonant with greenhouse gas mitigation 


objectives), but largely because assumed increased air tightness provides protection against the 


ingress of particle pollution from the outdoor air which has greater benefits to health than the dis-


benefits due to the increase in pollutants of indoor origin (indoor particle sources, second hand 


tobacco smoke, radon, mould and others). Empirical data on the relationship between energy 


efficiency and indoor temperatures during the winter period suggest relatively modest changes in 


cold exposure with consequently modest reductions in cold-related adverse impacts on health. 


 


3.2.3 Housing interventions – Qualitative studies 


 


Semi-structured interviews were carried out in a purposive sample of 49 households who received 


home energy improvements as part of an evaluation of Warm Front, a scheme aimed at alleviating 


fuel poverty in England.37 The Warm Front scheme involved home energy improvements such as 


installation, replacement or refurbishment of the heating system and in some cases loft and/or 


cavity insulation and draught proofing measures. All participants were satisfied with the home 


environment following the intervention and reported improved and more controllable warmth and 


hot water. Overall the work that was undertaken was of an acceptable standard and the disruption 


caused by the installers was tolerable. A minority of participants had noticed an appreciable 


reduction in fuel bills. Others reported that it was difficult to compare or that they were still getting 


used to the new technology. Nonetheless a quarter of participants said they would not have been 


able to afford a new boiler or heating system without the scheme. Most participants reported 


improvements in comfort following the intervention and some reported an easing of symptoms of 


chronic conditions such as arthritis and fewer minor illnesses. Other benefits included a reduction in 


anxiety (for example about the boiler breaking down) an improvement in mood and being able to 


use more rooms. The accumulated effect was a beneficial effect on participants’ sense of wellbeing.  


 
In another study interviews were undertaken with 30 individuals (ages ranged from 20 to >60 years) 


as part of research relating to the Warm Homes project.38  The Warm Homes project aimed to 


alleviate fuel poverty by providing home improvements including loft insulation, cavity wall 


insulation, draught exclusion, heating controls and central heating.  Subjects for the qualitative 


component of the study were recruited from a larger survey sample recruited from households in a 
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relatively poor area in the north east of England.  The qualitative study explored respondent’s 


understanding of fuel poverty and its health consequences, their ways of coping, and their response 


to fuel poverty interventions. There was a range of views and experiences reported in relation to 


these topics with little in the way of overriding themes with the exception that many felt it was 


important to provide a warm home to visitors.  Many interviewees were unable to afford to invest in 


home improvements or were private tenants with unresponsive landlords. For those that had 


received home improvements prior to being interviewed these had increased the size of the living 


area during winter.  


In-depth interviews and focus groups were also included as part of an evaluation of a fuel poverty 


intervention aimed at owner-occupiers in rural areas in Northern Ireland.39 A questionnaire survey 


was administered before and after gas-fired central heating was installed to recipients of the 


intervention (n=54) and a control group who did not receive the intervention (n=46). The survey 


found that the intervention lead to improvements in health and wellbeing, increased comfort levels 


in the home and reduced use of health services (with associated potential cost savings for the NHS). 


The in-depth interviews and focus groups elaborated on the survey findings (the number of 


participants in the qualitative component were not given). Participants reported that the 


intervention had impacted positively on their overall health and wellbeing and that the new heating 


system was more economical. Interviewees reported satisfaction with the greater control afforded 


by oil-fired central heating (over solid fuel heating or electric fires). Specifically it enabled people to 


leave and return to a warm home. Householders also no longer restricted themselves to occupying 


one or two rooms. The authors conclude that the increased use of space in the home 'would have 


obvious impacts on quality of life, social functioning and familial relationships.' 


One study aimed to develop a booklet that translated the findings from scientific studies into advice 


for older people on actions that can be taken to reduce health risk during episodes of cold 


weather.40  The advice booklet was to be used with an ‘early warning system’ developed by the Met 


Office. The development of the booklet included discussion of the material with focus groups (one 


group of 12 people aged 64-76 years, one group of 10 people aged 71-87 years and one group of 


carers aged 19-89 years) and a field trial (37 participants aged 64-83 years). The focus groups and 


field trial revealed that while older people were aware of the risk of hypothermia during cold 


weather, few were aware of the cardiovascular risk of cold temperatures. In the field trial 


participants made behaviour changes in line with some of the advice provided in the booklet, such 


as wearing more layers and fitting draught excluders. However, participants resisted advice to keep 


household temperature at 21 c on the basis of the additional cost and advice to keep bedrooms 


windows shut at night based on a conviction that fresh air while sleeping was beneficial.  One finding 


from both the focus groups and the field trial was a tendency for participants to suggest that the 


advice would be of benefit to ‘other people’ who were older, frailer and less knowledgeable than 


themselves. The authors suggest that an implication of this finding was that public awareness 


campaigns should include appropriate images to encourage those for whom the advice is intended 


to recognise it as relevant.  


 


3.2.4 Housing interventions – evidence statements 
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Overall, there is reasonable evidence that housing interventions can improve respiratory outcomes 


for some children or adults with asthma and related conditions, with the strongest evidence coming 


from the larger scale randomised controlled trials in New Zealand and the UK; also evidence that 


housing interventions may improve various measures of mental well-being, at least in the short 


term, although evidence reporting in some studies has been selective; it is supported by qualitative 


evidence that has identified a number of pathways for psycho social well-being relating to energy 


efficiency improvement.  Evidence about possible reductions in health service contact is mixed and 


much of it relates to (high-quality) studies in New Zealand which may have important differences 


from the UK.  There is limited evidence that housing interventions may reduce absences in school for 


children with asthma. 


 
ES2.1 EVIDENCE STATEMENT – Respiratory health   


Fourteen papers provide mixed evidence on the impact of housing intervention on various aspects of 


respiratory health. Of these, 3 are RCTs from the UK (Woodfine et al 2011 and Barton et al 2007, 


both ++;2 19 and Osman et al 2010, +)11 while two are randomized controlled trials from New Zealand 


(Howden-Chapman et al 2007   and  Howden-Chapman et al 2008, both ++).6 9  


Of the remainder, six were UK before-after studies graded + ( Green and Gilbertson 2008,12 Walker 


et al 2009,17 Richardson et al 2006,20 Somerville et al 2000,22 Hopton and Hunt 1996,23 Shortt and 


Rugkasa 2007,39 (the last of these being a before-after qualitative survey), one an analysis of national 


survey data (Critchley et al 2007),13 and one a modelling study (Wilkinson et al 2009).24 One study 


from Canada (Leech et al 2004)21 was a prospective questionnaire of +/- quality. 


Asthma 


Six of these studies provide evidence about symptoms in children or adults relating to asthma: 


Woodfine et al 2011 (UK),2  Howden-Chapman et al 2007 (NZ),6  Howden-Chapman et al 2008 (NZ),9 


Walker et al 2009 (UK),17  Barton et al 2007 (UK),19 and Shortt and Rugkasa 2009 (UK).39  Four studies 


show improvements in various measures relating to asthma symptoms, including PedsQL,2 self 


reported wheeze in children,6 9 and time off work or school.6 9  One study, Barton et al 2007,19 found 


no difference in self reported symptoms or severity of asthma but significant reductions in non-


asthma-related chest problems (Mann–Whitney test, p = 0.005) and the combined asthma symptom 


score for adults (Mann–Whitney test, z = 2.7, p = 0.007). In a prospective controlled study of 1281 


households in Scotland receiving new central heating under a publicly funded initiative, covariate-


adjusted associations between ‘‘treatment group’’ membership (heating recipient vs comparison 


group household) also indicated no clear difference in ‘ever diagnosed with asthma’  OR 0.92 (0.63 


to 1.34)  or whether respondent has ever been diagnosed with bronchitis OR 1.29 (0.97 to 1.72).17 


COPD 


One UK study, Osman et al 2011 (+),11 examined respiratory and general health in a group of 


patients living at home with COPD.  Its intention-to-treat analysis did not find any improvement in 


health, but analysis looking at those who received the intervention found improvements in 


respiratory symptom scores. This was not associated with increases in indoor warmth. 


Other measures, including general respiratory symptoms 


Six papers, all graded +, included five from the UK (Green and Gilbertson 2008,12  Critchley et al 


2007,14  Richardson et al 2006,20 Somerville et al 2000,22 Hopton and Hunt 1996,23) and one from 
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Canada (Leech et al 2004 21) examined the impact of housing interventions on general respiratory 


health.   There was no clear evidence of impact on respiratory health from the Warm Front 


evaluation (Green and Gilbertson 2008,12 Critchley et al 2007 14), or from an evaluation of housing 


improvements in socially rented housing in Torquay (Richardson et al 2006)20 or from  a longitudinal 


controlled study of a housing intervention in Scotland (Hopton and Hunt 1996).23 A study of the 


installation of central heating in Cornwall, Somerville et al 2000,22 reported evidence of reductions in 


all symptoms after the intervention, with the greatest reduction seen in nocturnal cough (median 


score of 3 (most nights) to 1 (one or several nights) in the previous month).  


Less relevant to current UK housing interventions are the results of a Canadian study (Leech et al 


2004)21 which examined by questionnaire, the self-reported health of people occupying energy 


efficient new dwellings with mechanical ventilation compared to otherwise similar new dwellings, 


which provides some indication of positive impact on respiratory health. 


Long term and mortality outcomes -- modelling study 


The results of a simulation study of energy efficiency interventions in the home in the UK(Wilkinson 


et al 2009,+/-)24 suggests there may also be potential benefits for longer term respiratory outcomes, 


but this depends on potentially important risk trade-offs for different exposures relating to reduced 


uncontrolled ventilation. 
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Figure 2. Forest plot of intervention/control ratios for respiratory outcomes: housing-related 


interventions.  Note: trans* indicates that the intervention/control ratio is calculated from a 


difference measure. 


 


ES2.2 EVIDENCE STATEMENT -- mental well-being 


Nine studies address mental well-being, of which seven were quantitative studies (one RCT from 


New Zealand graded ++ (Howden-Chapman et al 2007),6 four were before-after studies from the UK 


graded + (Green and Gilbertson 2008, Critchley et al 2007, Walker et al 2009, Hopton and Hunt 


1996),12  14 17 23 one a study of randomized housing upgrades among council properties in South 


Devon (The Watcombe Housing Study, Barton et al 2007, graded ++)19 and one a German before-


after study graded +/-.5  Two qualitative studies were from the UK: Gilbertson et al 2006 graded ++,37 


and Shortt and Rugkasa 2007 graded +.39    


Five of the seven studies with quantitative evidence had measures that could be summarized as 


intervention/control ratios in Figure 3.  They  include one of the New Zealand RCTs  Howden-


Chapman et al 2007, graded ++)6 which reported better health outcomes in adults for three domains 


of the SF36; the Watcombe Housing Study (England),19 which showed no clear difference in SF36 or 
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GHQ12 scores although full data were not tabulated; and the relatively small longitudinal study in 


Scotland by Hopton and Hunt (+)23 with results for children, which showed no clear evidence of 


effect on mental-well being or most other measured outcomes.  The controlled natural experiment 


examined in the Warm Front evaluation in five urban areas of England provided evidence that 


intervention had positive impact on the proportion of people with GHQ-12 scores of 4 or more but 


not other outcomes.12 14  


Qualitative studies add to the evidence.  During in-depth interviews undertaken as part of the Warm 


Front evaluation, most reported improved and more controllable warmth and hot water; many 


reported perceptions of improved physical health and comfort, especially of mental health and 


emotional well-being and, in several cases, the easing of symptoms of chronic illness. There were 


common reports of improved family relations, an expansion of the domestic space used during cold 


months, increased privacy within the home, improved social interaction, and an increase in comfort 


and atmosphere within the home.37   A qualitative study of 54 homes in a rural community in the 


Armagh and Dungannon Health Action Zone (Shortt and Rugkasa 2007),39 suggested improvements 


in well-being, increased comfort levels in the home (as well as reduction in the use of health 


services). 
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Figure 3. Forest plot of intervention/control ratios for mental health outcomes: housing-related 


interventions.  Note: trans* indicates that the intervention/control ratio is calculated from a 


difference measure. 


 


ES2.3 EVIDENCE STATEMENT – General health   


Six studies consider various measures of general health and wellbeing, including two RCTs from New 


Zealand graded ++ (Howden-Chapman et al 2007, Howden-Chapman et al 2008),6,8  one RCT from 


Japan graded ++ (Saeki et al 2001),1 and three studies from the UK each graded + (Osman et al 2010, 


Green and Gilbertson 2008, Critchlet et al 2007).11 12 14  


Various measures of general health and well-being have been reported including from two RCTs in 


New Zealand of adults and children(++),6 and of children alone (++).8  These studies targeted 


households where at least one member (adult or child) had some form of respiratory illness.   


Another comparatively small randomized trial (of COPD patients) in Scotland,11 reported no clear 


difference in the Euroqol Visual Analogue Score. No clear differences following intervention were 


observed in the Warm Front evaluation(+).12 14  A Japanese study provides evidence in relation to 


level of home heating and blood pressure variation.1 


 


 


 


ES2.4 EVIDENCE STATEMENT – health care contacts   


Four studies have provided quantitative evidence about changes in contact with the health service 


(either hospital admission or GP consultation). They include two papers reporting results of a 


randomized controlled trial (++),6 9 and one observational study (+)4 from New Zealand with 


somewhat mixed evidence, and the controlled study by Walker and colleagues on the effects on 


health of a publicly funded domestic heating programme(+),17.These did not report evidence of any 


difference in health care contacts for primary care or hospital.  The Osman study of housing 


intervention for COPD in Aberdeen also provided no clear evidence about impact on hospital 


admission, but its’ comparatively small size and ‘cross-contamination’ are worth noting.111 Evidence 


from two qualitative studies has opposing evidence: one suggesting no reduction in health care 


contacts 37 and another that such contacts may be reduced.39 
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Figure 4. Forest plot of intervention/control ratios for heath service contacts: housing-related 


interventions.  Note: trans* indicates that the intervention/control ratio is calculated from a 


difference measure. 


 


 


ES2.5 EVIDENCE STATEMENT – absence from school   
Randomized controlled trials from Wrexham, UK (++),2 and New Zealand (++)10 and an observational 


study in Cornwall (+),22 all provide quantitative evidence about housing interventions and absence 


from school.  The evidence suggests reductions in school absence in two of the studies and more 


equivocal evidence in the (small subset of the) Woodfine study.2 
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Figure 5. Forest plot of intervention/control ratios for school or work absence: housing-related 


interventions. Note: trans* indicates that the intervention/control ratio is calculated from a 


difference measure. 


 


3.3 Intervention studies – health forecasting (in COPD) 


 


Several UK studies have examined the effect of health forecasting systems in relation to the 


management of patients with chronic obstructive pulmonary diseasde (COPD). Such a health 


forecasting system had been run for a number of years by the UK Met Office, though since 


abandoned. Several published evaluations have been carried out25  26  27  28 including by teams partly 


allied to the service provider.26  27    


A study by Bakerly and colleagues of the effect of the COPD health forecasting on hospitalisation and 


health care utilisation in patients with mild-to-moderate COPD,25 found that based on data for a 


total of 157 (34% of target COPD population) and five weather alerts there was a statistically non-


significant increase in hospital admissions per patient (0.07-0.076; p = 0.83) and a fall in the number 


of general practice visits per patient from 4.9 to 3.8 (p = 0.001), with a drop in average number of 


visits to patients by out-of-hours services from 0.52-0.14 (p = 0.013). The average number of home 


consultations provided by general practice increased from 0.05 to 0.92 (p = 0.001). 
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A further study by Halpin and colleagues, was a 4-month randomized controlled trial of the effect of 


automated interactive calling combined with a health risk forecast on the frequency and severity of 


exacerbations of COPD.26 Based on data from 79 patients and 40 received alert calls, the 


exacerbation frequency per patient per week was significantly greater during periods of predicted 


high risk. The exacerbation frequency (+/- standard error of the mean, SEM) in patients receiving 


alert calls was lower (0.95 +/- 0.27 v 1.17 +/- 0.29) but this was not statistically significant. Fewer 


patients receiving alert calls had one or more defined events compared to the controls (34% v 53%, 


p=0.11), their duration was shorter (8.2 +/- 2.0 v10.1 +/- 1.9 days, p=0.481) and they were less 


severe (65 +/- 21 v 115 +/- 22, p=0.118). 


Some of the same authors reported on the experience of service users28 and concluded that 


combining a rule-based model predicting risk based on environmental conditions with an 


anticipatory care intervention providing information on self-management and warnings via an 


interactive telephone call, the majority of respondents deemed the information pack (comprising a 


booklet and thermometers) useful while the automated calls were generally said to be convenient, 


easy to understand and reassuring. Most benefit was reported by those patients who were willing to 


be pro-active in the management of their condition 


An evaluation which was independent of the service provider was conducted by Maheswaran and 


colleagues.27 This examined the forecasting alert service available to general practices in Bradford 


and Airedale for the winter of 2007-08 on reduced COPD admissions.  They compared admissions in 


2007-08 with 2006-07 when the service was not available and found admission rate ratios for 


practices using the service were 0.98 [95% confidence interval (CI): 0.78-1.22] for December to 


March, and 0.82 (CI: 0.57-1.18) and 0.95 (CI: 0.72-1.26) for the 7- and 14-day post-alert periods, 


respectively. However, when account was taken of the proportion of patients entered on the alerts 


system and the duration for which practices participated in the service, admission rate ratios for 


practices fully using the service were 1.11 (CI: 0.80-1.52), 1.22 (CI: 0.73-2.04) and 1.21 (CI: 0.82-1.78) 


for the three corresponding periods. 


The Cold Weather Plan (CWP) for England also entails a national alert system linked to weather 


forecasts for vulnerable groups. It has not yet been subject to a formal evaluation entailing empirical 


assessment of impact on health outcomes, though a recent evaluation provides qualitative evidence 


about the understanding of the alerts system and operational factors.41  This found that those with 


the main responsibility for identifying at risk individuals, namely, health and social care managers, 


tended to think of ‘vulnerability’ in terms of socio-economic deprivation and existing clients (i.e. 


people who were in receipt of social care services such as home care) which may therefore miss 


some people who are vulnerable during cold weather (because they don’t use services) and include 


some people who are not (e.g. because they live in a warm home). Many services, such as home 


care, are contracted out to independent providers. While the CWP and the cold weather alerts were 


a useful aid to prompt providers about actions that should be taken during cold weather, 


commissioning managers could not be sure that the actions set out in the CWP for front-line staff 


(such as checking room temperature) were being undertaken. Engagement with primary care was 


also found to be variable, and local leadership of implementation of the CWP tended to be with 


emergency planning staff rather than with public health staff, and emergency planners felt limited in 


what attention they could give to prevention.  
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Interviews with a sample of older people in this evaluation41 indicated that while respondents 


thought cold weather may exacerbate existing conditions there was little knowledge of the risks to 


health associated with cold temperatures. Although all respondents were in regular contact with a 


health professional, none had received any advice or support related to cold weather. There was a 


universal preference for turning the heating off at night (for comfort), a universal fear of falling 


during icy conditions which was the greatest concern for participants. As a consequence 


respondents would stay inside when the risk of falling was thought to be high (i.e. during periods of 


ice and snow).  Respondents would however go out as soon as it was thought safe to do so, to 


socialise or fulfil responsibilities (such as voluntary work) or simply to ‘get out’.  Nearly all 


respondents were reliant on public transport, with participants from the rural case study in 


particular facing arduous journeys to access facilities such as shops, exposing them to cold outdoor 


temperatures. The risk of poor health during cold weather was mediated by instrumental social 


support provided by family (predominantly) or neighbours. This took the form of car journeys, hot 


meals, shopping, repairs, help with heating technology, and monitoring health and wellbeing. 


 


 


ES2.6 EVIDENCE STATEMENT -- health forecasting 


Four UK studies (one randomized controlled trial, Halpin et al 2011, +),26 two before-after 
intervention analyses (Barkerly et al 2011, and Maheswaran et al 2010, both +),25 27 and one cross 
sectional questionnaire-based study (Marno et al 2010, -),28 provide no clear evidence of the effect 
of the health forecast system for COPD on hospital admission and primary care contacts.  Although 
at least one study suggests evidence for  acceptability of the service, the pattern of findings across 
the four studies, does not allow robust conclusion on the impact of the forecast system in improving 
health outcomes or hospital admission for disease exacerbation. 


Qualitative evidence from the national-level evaluation of the Cold Weather Plan for the England 
(+)41 suggests that while the CWP and the cold weather alerts are a useful aid to prompt providers 
about actions that should be taken during cold weather, commissioning managers could not be sure 
that the actions were being undertaken, and that leadership is often with emergency planning staff 
(rather than say primary care teams) who feel they have limited capacity for health protection.  


 


3.4 Intervention studies - Influenza vaccination in COPD 


 


Other studies have examined the effect of influenza vaccination in COPD on (winter or flu season) 


mortality.  Two studies were identified.  The first was a nationwide analysis of data for Japan to 


examine the effect of a change in law, passed in November 2001 in which the Japanese government 


amended the Preventive Vaccination Law to specify elderly people aged >= 65 years as the target 


population for influenza vaccinations.29  Analysis of monthly data for January 1995 to December 


2009, analysed by Poisson regression, suggested a statistically significant reduction in the COPD 


mortality rates observed in January (RR 0.84; 95% CI 0.81-0.88), February (RR 0.85; 95% CI 0.81-0.89) 


and March (RR 0.92; 95% CI 0.88-0.96) among the population aged >= 65 years in contrast to the 


results for younger ages. 
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Two other, related studies in Spain30 31  used a prospective cohort of 1298 Spanish community-


dwelling individuals aged 65 years or older with COPD followed from 1 January 2002 to 30 April 


2005. The primary outcome was all-cause death during influenza periods (January-April). 


Multivariable Cox proportional hazard models adjusted by age, sex and comorbidity were used to 


evaluate vaccine effectiveness. Multivariable analysis showed a statistically insignificant trend 


towards a reduced mortality in the vaccinated group considering overall influenza periods 2002-


2005 (adjusted HR: 0.76; 95% CI: 0.52-1.06; p=0.098). 


 


ES2.7 EVIDENCE STATEMENT – influenza vaccination in COPD 


This review was not designed to gather evidence on the efficacy of influenza vaccination, or its effect 


in reducing mortality and morbidity. However four observational studies, one from Japan(Kiyohara 


et al 2013, 29+) and three from Spain (Vila-Corcoles et al 2007, Vila-Corcoles et al 2008, de Diego et al 


2009, all +)32 30 31 provide suggestive evidence that influenza vaccination may protect against 


mortality risk during winter or the influenza season in the older population, especially those with 


chronic heart or lung disease. Measures that increase uptake of vaccination for such vulnerable 


groups are therefore likely to have beneficial effect on such mortality/morbidity. 


 


3.5 Intervention studies – Anti-slip or gait stabilizing devices for preventing falls 


 


We identified three studies that examined the potential effect of anti-slip or gait stabilizing devices. 


A Swedish study by Berggard and Johansson,33 was a small randomized controlled trial of anti-slip 


attachments to shoes among participants recruited from employees at Luleå University of 


Technology.  The anti-slip devices included a heel device, a foot-blade device or a whole foot device.  


The trial included the use of a diary to record use of the device, distances walked, and falls/injuries.  


There was appreciable cross-contamination of groups (device wearers in the control group etc) and 


so the authors’ main conclusions were based on comparison of users vs non-users, which is open to 


appreciable selection bias. Their principal observation was that users of anti-slip devices walked 


appreciably further per day than non-users at a very similar daily risk of falls but therefore lower risk 


of falls per kilometre walked. Only a limited statistical analysis was presented. 


Another small study from New Zealand is a randomized trial of wearing socks over shoes to improve 


traction on icy footpaths.34  The authors report that wearing socks over normal footwear was 


associated with a statistically significant improvement in traction as reflected in mean self-reported 


slipperiness scores between the control (n=15) and intervention (n=14) groups (which appeared to 


correspond well with observer ratings).  The intervention group also appeared more confident on 


the slippery surface.  However, this study had a number of weaknesses: the participants were simply 


intercepts of passers-by of the trial location, the sample size was small, there were appreciable 


baseline differences between intervention and control groups, neither participants nor observers 


were blinded to the intervention, and the test characteristics of the slipperiness rating are unclear.  


What this small study may signify, however, is that various forms of anti-slip device, including in this 







39 


 


case ‘over-socks’, may help reduce the risk of slips on slippery surfaces.  But it does not provide any 


basis for quantifying the change in risk of a fall or injury. 


A similar but higher quality US prospective randomised intervention trial by McKiernan35 examined 


whether a nonmedical gait-stabilizing device, prevents outdoor falls and injurious falls in fall-prone 


older people during the winter.  The study of ambulatory, community-dwelling, but fall-prone 


people aged 65 and older were randomized to wear the device or their usual winter footwear (UWF) 


outdoors during the winter of 2003/2004. The 109 participants completed 10,724 diary days.  The 


relative risk (RR) of outdoor slip for the device was 0.50 (P<.04) for all diary days and 0.61 (P=.14) 


when only days walked on snow and ice was the exposure variable. The RR of outdoor fall for the 


device was 0.42 (P<.03) when only days walked on snow and ice was considered. The relative risk of 


injurious falls per day walked on snow and ice for the device was 0.13 (P<.02). The authors estimate 


that the number needed to treat with the the device to prevent one non-serious injurious fall in one 


winter was six. 


 


ES2.8 EVIDENCE STATEMENT – anti-slip devices for preventing falls 


Three studies of anti-slip devices/measures were from outside the UK: one each for Sweden 


(Berggård  et al 2010, -/+),33 New Zealand (Parkin et al 2009, -/+),34 and the US (McKiernan FE 2005, 


+).35 The first two were relatively weak studies with appreciable potential for bias, though the US 


study of a proprietary footware device (elastomere overshoe netting) was more robust. Even though 


their evidence is very limited, they suggest potential for reduction in fall and fall-related injury risk 


with similar devices worn during slippery/icy conditions. 


 


3.6 Intervention studies – Thermal clothing in heart failure 


 


Only one intervention study was identified of thermal clothing in this review, a small pilot 


randomized controlled trial.  This study by Barnett and colleagues examined the benefits of thermal 


clothing during winter in 55 patients with heart failure over 50 years of age not in residential care in 


south-east Queensland.  Participants randomized to the intervention received two thermal hats and 


tops and a digital thermometer. The primary outcome was the mean number of days in hospital, 


with secondary outcomes the number of general practitioner (GP) visits and self-rated health. The 


study did not have a sufficient sample size to determine key outcomes with precision, but it showed 


no clear evidence of benefit in the intervention arm in terms of the key primary or secondary 


outcomes: the mean number of days in hospital per 100 winter days was 2.5 in the intervention 


group and 1.8 in the usual care group, mean difference of 0.7 (95% CI −1.5 to 5.4); the intervention 


group had 0.2 fewer GP visits on average (95% CI −0.8 to 0.3), and slightly higher self-rated health, 


mean improvement –0.3 (95% CI −0.9 to 0.3). The thermal tops were generally well used, but even in 


cold temperatures the hats were only worn by 30% of the participants. 
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ES2.9 EVIDENCE STATEMENT – thermal clothing in heart failure 


This single Australian study by Barnett et al 2013 (+),36 though apparently well-conducted, was too 


small and its results too inconclusive to draw a clear interpretation, other than the need for further 


study of the potential utility of thermal clothing especially to vulnerable patient groups. 


3.7 Intervention studies – Discussion 


 


3.7.1 Intervention studies – Quality 


 


As with much literature on excess winter mortality and morbidity the evidence on housing related 


interventions is very heterogeneous and mixed in quality.  The randomized trials and controlled 


comparisons based on staged interventions represent fairly strong study designs.  While there are 


good randomised controlled trials from New Zealand, Japan (in relation to BP measurements) and 


the UK, the CHARISMA study (Woodfine2) was primarily a specific ventilation intervention for asthma 


sufferers and only a small subset of the study population received heating intervention; and the 


Osman study11 had appreciable cross contamination and its effective sample size was also small. It is 


also difficult to blind recipients (and sometimes researchers) to housing interventions, and many of 


the recorded outcomes were based on patient- or parent-reported symptoms. In such circumstances 


and with such outcomes it is difficult to assess the potential for bias where intervention recipients 


are likely to be pleased to have received an upgrade to their dwelling usually at no direct cost to 


themselves. This is especially so given relatively short-term follow-up.  However, studies did include 


more ‘objective’ outcomes, including Peak Expiratory Flow Rate (PEFR) and blood pressure, doctor 


records of consultations and diagnoses, as well as measures of days off work or school, and 


instrument-based measures of mental well-being. With a few exceptions, individual studies were 


comparatively modest in size, which affects power and precision.  The fact that usually multiple 


outcomes were measured adds to the complexities of interpretation, especially when similar 


outcome measures (or different dimensions of a measure) gave different patterns of results (e.g. the 


different dimensions of psychosocial well-being assessed in the Warm Front evaluation15). Longer 


term consequences of intervention were also generally not studied, nor impacts on ‘hard’ endpoints 


such as mortality, mainly for reasons of time lag and required sample size. The generally good 


qualitative studies add context and further understanding of pathways, and thereby help to provide 


a more complete picture of pathways and impacts. 


The evidence in other areas is even more patchy, with no other single form of intervention having as 


large an evidence base as that of housing. Evidence is still needed and is awaited on the various 


measures of the Cold Weather Plan for England, including its health forecast and alert system, and 


studies published to date have not been large enough or sufficiently robust to provide clear evidence 


about the effectiveness of warning systems for particular vulnerable groups, notably those with 


COPD. 


The evidence considered in this review for influenza vaccination and anti-slip devices as well as 


warmer clothing for vulnerable patient groups was limited. 
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3.7.3 Intervention studies – Implications of findings 


 
That home energy efficiency improvements have the potential to improve health, especially for 


those with respiratory illness, and mental well-being, provides an additional rationale to pursue 


policies to upgrade the efficiency of the housing stock for particular target groups as well as the 


population in general.  For some key target groups, such as children with asthma, housing 


intervention may be sufficiently justified in its own right as a means of helping to manage the clinical 


condition.  However, the evidence base still remains limited, and there is potential for unintended 


adverse consequences of some forms of energy efficiency upgrade over the longer term, particular 


in relation to changes in ventilation characteristics of dwellings. This is an area in which there is 


particular lack of hard empirical evidence, and so more research is needed. How the costs of housing 


upgrades are shared remains an issue, as the costs and benefits do not necessarily fall on the same 


individual or institution, and more elaborate forms of intervention will be relatively costly. It is 


unclear how far such interventions need to be justified in health terms alone. 


In other areas, this review again adds weight to ensuring high levels of uptake of influenza 


vaccination , especially among the elderly with chronic heart and lung disease; it suggests the need 


for further evaluation of health forecasting and alert systems for diminishing vulnerability during 


periods of severe cold and other adverse weather; and it suggests the need for further enquiry into 


the potential benefit of low-cost solutions for improving the traction of footwear during periods 


when pavements and roads may become slippery.  


 


3.7.4 Intervention studies – Limitations of the evidence and gaps 


 
The evidence on the different forms of ntervention that may help reduce the burden of winter and 


cold-related mortality and morbidity remains limited in general, so that there is a need for research 


in all areas.  This is especially so given that the influence of housing quality on health may be very 


context specific so that extrapolation of results from one country to another should be done with 


caution. Specific research needs include: 


-- studies of the effect of different forms of housing intervention, including studies that evaluate as 


wide a range of outcomes as possible, including mortality, hospital admissions and outcomes that 


may be affected over the longer term by changes in indoor air quality; studies need to be of 


sufficient scale and to employ methods of objective measurement; 


-- studies of the effect of fuel prices and fuel poverty on health, whose assumed influence has not 


been adequately quantified through high-quality empirical research; 


-- studies of the policy environment and operational factors to determine how policies may be 


justified and aligned to support health, environmental and other objectives simultaneously; 


-- studies of the operational characteristics and effectiveness of targeted warning systems designed 


to help protect vulnerable population groups during periods of heightened risk; 


-- studies that examine the potential effect of simple protective measures such as the use of 


improved clothing and footwear, and the uptake of vaccinations; 
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3.7.5 Intervention studies – Limitations of the review and impact on findings 


 
Evident limitations of the review include the fact that it was limited to English language and OECD 


countries, though it is likely that many of the important factors are to a large degree specific to the 


local context -- local climate, housing, and other factors. The heterogeneity of studies, especially 


with the diversity of study designs and coming from multiple settings, makes it difficult to draw firm 


conclusions, and interpretation is also made more complex by changes over time that may 


appreciably alter the context in which interventions in housing and other sectors occur.  
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4 Findings – Economic analyses 


4.1 Economic analyses – Summary of evidence 


 


The review identified on 13 relevant economic analyses. However, these studies related only to 


interventions which improved household energy efficiency. Even this literature is not large, though it 


is certainly heterogeneous.  The studies divide into two main groups, those undertaken at a national 


level and those at a local level. 


 


4.1.1 National level studies 


 


Jensen et al. 42 compared a number of policy simulations, including improved insulation and 


ventilation of the housing stock with a counterfactual in a general equilibrium model.  Focussing on 


health-related net cost reductions they found that this investment would probably break even over a 


thirty year time horizon.  They modelled the impact of improved household temperature and 


reduced particulate concentrations on cardiovascular disease, depression, cardiopulmonary disease 


and lung cancer.  They also included health harms as a consequence of improved insulation.  Health 


benefits were measured in terms of Years Lost due to Disability and Years of Life Lost. The model 


translated these into implications for GDP, that is, health improvements were not valued per se.  


They predicted a gross loss to the economy of £49.4 billion but this was halved when the energy 


efficiency gains (£24.4 billion) and health benefits (£450 million) were considered.   


Cambridge Econometrics43
  made a macroeconomic assessment for the UK of investment in 


household energy efficiency in households at risk of fuel poverty and households with fuel poverty 


as compared to other ways of spending a similar amount of money.  The multi-sectoral model 


identifies the benefits to the construction sector and then estimates the multiplier effect for the 


economy as a whole.  The benefits of improved energy efficiency are assumed to arise from 


reductions in energy demand.   The model recognises that some of the potential energy savings will 


not accrue as some fuel poor households will choose to heat their houses to a higher temperature.  


No health benefits are considered.   


Sefton44 assesses the cost-effectiveness of targeting grants for better ventilation and new heating 


systems in England.  His measure of effectiveness is the change in the fuel poverty gap (the 


difference between what a household needs to spend annually to heat their house satisfactorily and 


ten per cent of their annual income).  No benefits to health are included nor any carbon reduction 


benefit.  He estimates the ratio of potential savings to the annualised cost of the energy efficiency 


measures.   


Liddell45 assesses the extent to which the costs of the Warm Homes programme in Northern Ireland 


were offset by health benefits.  Health benefits were estimated in terms of QALYs (valued at £40,000 


per QALY) and reduced NHS costs.  The latter were found to be a small percentage of the former. 


Levy et al.46 consider how improved insulation in the US would result in lower energy use and 


reduced air pollution leading to fewer deaths, asthma attacks and restricted activity days.  Although 
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it is an economy-wide assessment it is not a general equilibrium analysis.  They estimate annual 


energy savings of $5.9 billion and morbidity and mortality benefits of $1.3 billion annually.  They 


provide a fuller discussion than many others of the considerable uncertainties involved in making 


such estimates. 


Grimes et al.47 evaluate a national programme providing subsidies for insulation and clean heating in 


New Zealand.  In addition to the costs of insulation and clean heating, they consider administrative 


costs and the deadweight cost associated with the taxation required to provide the subsidies.  The 


benefits arise from energy savings, reductions in emissions and improved health outcomes 


(measured in terms of cost savings from reduced hospitalisation and pharmaceutical use, and 


reduced mortality).  The greater part of the health benefits were in terms of reduced mortality 


(valuing life years at £75,000).  


Clinch and Healy48 modelled the costs and benefits anticipated to be associated with the retrofitting 


of 1.2 million houses in Ireland, using valuations from a range of sources.  They estimate the 


mortality and morbidity benefits of reduced cardiovascular disease and respiratory disease.  They 


also estimate the benefits of reduced energy consumption and reductions in emissions.   


 


4.1.2 Local level studies 


 


The studies undertaken at a local level generally involve more primary data collection than those at a 


national level and sometimes utilise randomised trial designs.  Two such studies have been reported 


using data for New Zealand.  Chapman et al. (2009)7 undertook a cluster randomised trial of 


retrofitting insulation in households where at least one person had respiratory symptoms.  Baseline 


data were collected for the three winter months in 2001 and follow-up in the three winter months of 


2002.  While they did collect SF36 data these were not used to estimate QALY gains.   


Preval et al. (2010)49 report the cost-effectiveness of improving heating in households (with 


satisfactory insulation) containing a child with asthma.  The data were collected as part of a trial the 


Housing, Heating and Health Study.  Monetary values were assigned to changes in visits to health 


professionals, medication use, time off school or work, and energy use.  Positive benefit-cost ratios 


were only associated with targeted interventions. 


Barton et al.19 evaluated a randomised trial of housing improvement in Devon.  No difference was 


found in hospitalisation, A & E attendances or pharmaceutical use, or in SF36 or GHQ12.  The 


authors suggest that this might be because the short period of follow-up. 


Edwards et al.50 estimated the cost-effectiveness of the installation of ventilation and central heating 


in the homes of children with moderate to severe asthma.  The data came from a randomised 


controlled trial in Wrexham.  Cost effectiveness is measured in terms of the cost of achieving a unit 


change in the PedsQL and is thus difficult to interpret.  However, since the time horizon is only one 


year, it is plausible that it was a cost-effective use of resources particularly in the case of households 


containing a child with severe asthma. 


Liddell et al.51  undertook a cost-benefit analysis of the Kirklees Warm Zone Project.   Safety 


improvements produced a benefit of £1.30 million (largely due to a predicted reduction in 
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mortality).  The benefits of improved insulation were estimated to be £2.28 million (wholly as a 


result of the reduction in common mental disorders).  Installation of central heating generated a 


benefit of £1.27 million (assuming each pound spent produces health benefits of forty-two pence).  


Overall the project was estimated to have produced twenty pence of health benefit per pound 


spent. 


In the BRE study of the improvement of 32 dwellings in Derby52 the cost of mitigating particular 


hazards and the anticipated NHS cost savings were estimated.  Thus improvements in health are only 


valued to the extent that they reduce healthcare expenditure.  Savings to society were assumed to 


be 2.5 times the NHS cost savings. 


 


ES2.10 EVIDENCE STATEMENT – economic analyses 


This section discusses 13 studies which attempt an economic analysis.19 53 43 52 44 45 46 47 48 50 51 49 7  


In summary there are many differences between studies which makes any attempt at synthesis 


challenging.  Two UK  studies undertaken for the economy as a whole (both +), take into account the 


effect of changes in one sector on the rest of the economy;43 53 others do not.  


Other ‘national’ level assessments include studies in England (Sefton 2002, +),44  Northern Ireland 


(Liddell 2011, +),45 Ireland (Clinch and Healy 2000, +)48 New Zealand (Grimes et al 2011,  +)47 and one 


US study focussing only on air pollution-related impacts (Levy et al 2003, +/-)46 


Some studies performed at a local level are trial-based, including an English study (Barton and 


colleagues 2007, +)19, a Welsh study (Edwards and colleagues 2011, ++)50, and two NewZealand 


studies (both +)7 49 while others are more dependent on observational data (Liddell 2011, +)51 and 


(BRE, +/-)52 


The health benefits have been measured in various ways.  Savings in health care costs have usually 


been included.  Some studies estimate QALY gains (at least for changes in morbidity).  Studies 


including a change in mortality have used the value of a statistical life. It is likely that the balance of 


(health-related) costs and benefits varies from setting to setting, with the precise form of 


intervention being considered, and from whose perspective the economic assessment is done. 


 


4.2 Economic analyses – Commentary   


 


4.2.1  Economic analyses – Quality of evidence 


 


The available evidence is mixed. It is not clear how applicable cost-effectiveness information from 


other countries is to the UK (costs will differ, climate will differ, existing housing stock will differ, 


willingness to pay for particular benefits will differ). There is likely to be substantial variability in the 


reporting of the different studies and studies are variable in the extent to which they explore the 


uncertainty about their findings.  Studies vary with respect to which health and non-health benefits 
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they include.  A number of different approaches have been taken to the assessment of health 


benefit. All of this contributes to the complexity of interpreting economic assessments, and drawing 


general conclusions about costs and benefits. 


 


 


4.2.2 Economic analyses - Implications 


 
Taken together these studies support the view that there are health benefits to be obtained from 


improvements in household energy efficiency.  However, if viewed solely as means of improving 


health these investments would (usually) not be justified; but once a wider range of benefits are 


considered they appear to be worthwhile investments. 


The wide range of approaches that have been undertaken highlight the potential value on having an 


agreed Reference case for the economic assessment of public health interventions. 


 


 


4.2.3 Economic analyses – Limitations of the evidence and gaps 


 


Given the disparate outcomes which these investments can produce more research is required into 


means of making the different benefits commensurate.  More needs to be known about the 


distribution of health and non-health benefits across different household types in order to design 


more cost-effective interventions.  An important issue is the degree to which the balance of cost and 


benefits depends on the form of intervention, who the recipient is, and whose costs are counted and 


how (including over what time horizon).  More elaborate forms of intervention are likely to have 


relatively lower returns for health in relation to each unit of expenditure. 


 


 


4.2.4 Economic analyses – Limitations of the review and potential impact on findings 


 


The principal limitations are its restriction to the English language and the fact that evidence from 


one setting may not be directly transferable to another setting.  It is also a complexity that the 


evidence is so diverse that it is difficult to capture evidence relevant to all the important forms of 


intervention, and the factors that bear on the costs and benefits.  


 


5 Conclusions 
 
 


(1) Evidence on interventions that may help reduce the multiple factors contributing to 


excess winter- and cold-related mortality/morbidity remains limited and very 


heterogeneous.  


(2) There is a limited body of evidence that suggests that energy efficiency interventions in 


housing may improve the health of some population groups, notably those with 
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respiratory (asthma, COPD) and other chronic diseases, especially in the elderly and 


young children. Positive effects on health may include improvements in respiratory 


symptoms and the symptoms of other chronic illnesses, improved mental well-being, 


reduced contacts with the health service and fewer days of absence from school or 


work. 


(3) However in many areas the evidence is fragmentary, and no single study has captured a 


comprehensive range of potential health impacts, including those that relate to 


mortality and the long-term effects of exposures, especially those relating to changes in 


the ventilation characteristics of dwellings. Without improved understanding of the full 


spectrum of positive and negative health effects of energy efficiency upgrades, it will not 


be possible to ensure that interventions are appropriately tailored to maximize the 


positive benefits and minimize unintended adverse consequences. 


(4) For some target groups, specific forms of housing intervention may be justified on the 


basis of their benefits to health alone. This may be the case for children with asthma, for 


example. However, for lower risk target groups and with increasingly elaborate forms of 


intervention, the health effects may add to the case for actions to improve energy 


efficiency, but such actions are more readily justified if the health effects are considered 


alongside other social, environmental and economic consequences. 


(5) We were unable to identify robust empirical literature that enables the link between 


fuel price, fuel poverty and health to be quantified. 


(6) Although this review was not aimed at capturing evidence on the efficacy of influenza 


vaccination, there is evidence to suggest potential benefit for the elderly population and 


those with chronic disease of the increased uptake of flu vaccination. Although these are 


among target groups for flu vaccination, there is likely to be benefit from improving 


vaccine uptake. 


(7) Evidence relating to the effect of health forecasting and alert systems for cold weather 


remains limited. Local evaluations of alert systems for COPD patients have yet to 


demonstrate clear evidence of positive effect in reducing disease exacerbations or 


hospital admission or mortality, though this remains possible. 


(8) The evidence of this review was insufficient to draw firm conclusions about the 


usefulness and most effective forms of anti-slip devices and the thermal characteristics 


of clothing for reducing risks of slips, falls or cold exposure among target groups. 


However, these are likely to be simple low-cost measures that carry a small probability 


of any adverse effect, and may have the potential to help reduce risks for certain 


population groups. 


(9) Evidence on the cost-effectiveness of interventions to reduce winter-and cold-related 


mortality/morbidity is comparatively small and very heterogeneous. It is difficult 


therefore to draw general conclusions about the balance of costs and benefits which are 


likely to depend on target groups, local context and the form of intervention.  More 


needs to be known about the distribution of health and non-health benefits across 


different household types in order to design more cost-effective interventions.   
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(10) Available studies support the view that there are health benefits to be obtained from 


improvements in household energy efficiency but, from an economic view, if viewed 


solely as means of improving health these investments would (usually) not be justified.  


Once a wider range of benefits are included they appear to be worthwhile investments. 


(11) The evidence relating to other forms of intervention to reduce winter-or cold-related 


mortality/morbidity provides an insufficient basis for economic assessment. 


(12) Many forms of economic assessment are hampered by the limited availability of 


quantitative evidence on the links between upstream determinants and eventual health 


outcomes. This includes housing factors where there remain many uncertainties about 


the performance of a dwelling and how its impact on health is modified by interventions. 


  







49 


 


Appendix 1: Review team 
 


The review team and their expertise are summarized in the table below.  
 


Person 
(institution) 


Experience and expertise 


LSHTM 


Paul Wilkinson  
(Professor of 
Environmental 
Epidemiology) 


Researcher in environmental epidemiology with long-standing interest in excess winter 
deaths, with multiple contributions in this area particularly for the UK.  
 
Expertise: topic expertise (excess winter death), study design and methods for 
quantifying the effect of seasonal/cold-related risks and modification by social, 
environmental and other factors. 
 


Ben Armstrong 
(Professor in 
Epidemiological 
Statistics) 


Epidemiological statistician with thirty years’ experience in environmental and 
occupational health research, including multiple publications on weather, climate and 
health, several of which are methodological contributions. Previously member of the 
Committee on the Medical Effects of Air Pollution (2000-2010).  
 
Expertise:  statistical aspects, especially with regard to the methods and interpretation 
of time-series studies and methods used to quantify and attribute health effects to cold 
and seasonal influences, and their modification by social, environmental and other 
factors. 


John Cairns 
(Professor of 
Health 
Economics) 


Economist with more than 35 years research experience, more than 25 years 
specialising in health economics.  Previously led a team of health economists 
undertaking economic modelling for cancer guidelines.  
 
Expertise: economic assessment: cost-benefit analysis 


Zaid Chalabi 
(Senior 
Lecturer in 
Health Impact 
Analysis and 
Modelling) 


Mathematical modeller with wide expertise in environmental health risk assessment, 
health impact analysis, cost-effectiveness analysis, value of information and uncertainty 
analyses, and decision analysis.   
 
Expertise: evidence regarding cost-effectiveness (CE) of methods to identify at risk 
populations; CE  of interventions to prevent excess mortality & morbidity; CE of systems 
for delivery and implementation of approaches to prevent excess mortality & morbidity 


Shakoor Hajat 
(Senior 
Lecturer in 
Epidemiology 
and Medical 
Statistics) 


Medical statistician with long-standing interest in temperature (heat- and cold-) related 
impacts on health.  Expertise in time series and related analyses in this field and has 
undertaken reviews of published evidence for European research projects. 
Currently involved in an evaluation of the Department of Health Cold Weather Plan for 
England. 
 
Expertise: epidemiological evidence review, especially with regard to studies of 
temperature and seasonal variations in risk and the effect of interventions 


Lorelei Jones 
(Research 
fellow) 


A health services researcher with long-standing interests in UK health policy and health 
services, especially the sociology of health service organisation.  Previously a research 
fellow on the NICE clinical guideline for diabetes in pregnancy she has extensive 
experience of systematic reviews and guideline development.  Currently has a core role 
in the on-going Evaluation of the National Cold Weather Plan for England.  
 
Expertise: literature review especially with regard to behavioural responses and 
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interventions 


James Milner 
(Research 
Fellow) 


Researcher with interests involving modelling the interactions between the urban 
environment and health, including the effects on health of air pollutants, and indoor air 
quality and housing. Has also developed techniques to assess the health impacts of 
changes in environmental exposures due to climate change mitigation policies in 
different sectors of society, including the housing sector.  


 
Expertise: modelling of health impacts, especially with regard to housing related health 
risks 


Mark Petticrew 
(Professor of 
Public Health 
Evaluation) 


Researcher with long-standing interests in evidence-based policymaking, systematic 
reviews, and the evaluation of the health effects of social policies. He is an editor of the 
new Cochrane Public Health Review Group, and is closely involved in the 
Cochrane/Campbell Health Equity Field. He has co-authored Petticrew M, Roberts H 
(2006) Systematic Reviews in the Social Sciences: A practical guide. Oxford: Blackwell 
Publishing)  
 
Expertise: methods for systematic review and assessment of evidence for policy. 


Noaf 
Scovronick 
(doctoral 
student) 


Reseaercher in environment and health, with special interest in methods of health 
impact estimation/modelling, particularly relating to air pollution and other 
environmental exposures. 


University of York 


Steve Duffy 
(Information 
Analyst) 


Information analyst with extensive experience of the development and implementation 
of search methods for literature review. 
 
Expertise: database searches/literature review  
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Appendix 2: Search strategies 
 


Literature searches were undertaken to identify studies primarily about excess winter deaths. The 


searches were also designed to identify studies about seasonal morbidity, fuel poverty, cold housing, 


energy efficient housing, winter related accidents, and health forecasting. 


 


The search strategies were devised using a combination of indexed subject heading terms and free 


text search terms appearing in the title and/or abstracts of database records. Search terms were 


identified through discussion between the research team, by scanning background literature and 


‘key articles’ already known to the project team, and by browsing database thesauri.  


 


The searches were limited by date range to the last 20 years (1993 to the present), and to English 


language publications only. The final MEDLINE search strategy was peer reviewed for accuracy by 


another Information Specialist based at CRD (Melissa Harden).  


 


The literature searches involved searching a wide range of databases covering health, social care, 


mental health, economics, environmental issues, and architecture. The following databases and 


resources were searched:  


 


 MEDLINE and MEDLINE In-Process 


 EMBASE 


 Social Policy & Practice 


 Science Citation Index (SCI) 


 Social Sciences Citation Index (SSCI) 


 Conference Proceedings Citation Index-Science (CPCI-S) 


 Conference Proceedings Citation Index-Social Science & Humanities (CPCI-SSH) 


 Health Management Information Consortium (HMIC) 


 PsycINFO 


 Cochrane Database of Systematic Reviews (CDSR) 


 Database of Abstracts of Reviews of Effects (DARE) 


 Cochrane Central Register of Controlled Trials (CENTRAL) 


 Health Technology Assessment (HTA) database 


 NHS Economic Evaluation Database (NHS EED) 


 EconLit 


 CEA (Cost-Effectiveness Analysis) Registry 


 RePEc: Research Papers in Economics 


 Campbell Library 


 Trials Register of Promoting Health Interventions (TRoPHI) 


 Database of Promoting Health Effectiveness Reviews (DoPHER) 


 Scopus 


 Avery Index to Architectural Periodicals  


 ICONDA International 


 PsycEXTRA 
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 NICE Evidence 


 OpenGrey 


 RIBA Catalogue (Royal Institute of British Architects) 


 NYAM Grey Literature Report (New York Academy of Medicine) 


 


As a number of databases were searched, some degree of duplication resulted.  In order to manage 


this issue, the titles and abstracts of bibliographic records were downloaded and imported into 


EndNote bibliographic management software and duplicate records removed. 
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Databases and resources searched 


 


Resource Interface/url Date range Search 


date 


Results 


MEDLINE and MEDLINE In-


Process 


OvidSP 1946-2013/Sep 


week 2 


23 Sep 


2013 


8451 


EMBASE OvidSP 1974-2013/week 


38 


24 Sep 


2013 


5445 


Social Policy & Practice OvidSP 1890s-201307 30 Sep 


2013 


1357 


Science Citation Index (SCI) Web of Science 1900–2013/09/27 2 Oct 


2013 


4433 


Social Sciences Citation 


Index (SSCI) 


Web of Science 1956–2013/09/27 2 Oct 


2013 


1291 


Conference Proceedings 


Citation Index-Science 


(CPCI-S) 


Web of Science 1990–2013/09/27 2 Oct 


2013 


238 


Conference Proceedings 


Citation Index-Social 


Science & Humanities 


(CPCI-SSH) 


Web of Science 1990–2013/09/27 2 Oct 


2013 


112 


Health Management 


Information Consortium 


(HMIC) 


OvidSP 1979-2013/Mar 30 Sep 


2013 


352 


PsycINFO OvidSP 1806-2013/Sep 


week 4 


30 Sep 


2013 


829 


Cochrane Database of 


Systematic Reviews (CDSR) 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 9/12 1 Oct 


2013 


22 


Database of Abstracts of 


Reviews of Effects (DARE) 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 3/4 1 Oct 


2013 


7 


Cochrane Central Register 


of Controlled Trials 


(CENTRAL) 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 9/12 1 Oct 


2013 


554 


Health Technology 


Assessment (HTA) database 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 3/4 1 Oct 


2013 


1 


NHS Economic Evaluation 


Database (NHS EED) 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 3/4 1 Oct 


2013 


8 


EconLit OvidSP 1961-2013/Aug 30 Sep 


2013 


745 


CEA Registry www.cearegistry.org 3 Oct 2013 3 Oct 


2013 


0 


RePEc http://repec.org/  


 


3 Oct 2013 3 Oct 


2013 


119 


Campbell Library http://www.campbellcollabo 3 Oct 2013 3 Oct 1 
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ration.org/library.php 2013 


TRoPHI EPPI-Centre 3 Oct 2013 3 Oct 


2013 


8 


DoPHER EPPI-Centre 3 Oct 2013 3 Oct 


2013 


5 


OpenGrey http://www.opengrey.eu/ 3 Oct 2013 3 Oct 


2013 


45 


NHS Evidence https://www.evidence.nhs.u


k/  


18 Oct 2013 18 Oct 


2013 


67 


RIBA Catalogue http://riba.sirsidynix.net.uk/


uhtbin/webcat 


18 Oct 2013 18 Oct 


2013 


26 


NYAM Grey Literature 


Report 


http://www.greylit.org/ 


 


18 Oct 2013 18 Oct 


2013 


0 


Scopus Elsevier 1823-2013/Oct 21 Oct 


2013 


1696 


Avery Index ProQuest 1934-2013/Oct 24 Oct 


2013 


244 


ICONDA International Ovid 1976-2013/Oct 25 Oct 


2013 


492 


PsycEXTRA Ovid 1908-2013/Oct 25 Oct 


2013 


93 


TOTAL 26,641 


TOTAL after deduplication 16,143 
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Search strategies 


 


MEDLINE and MEDLINE In-Process (OvidSP). 1946-2013/Sep week 2. Searched 23 September 2013. 


 


1     exp Cold Temperature/ (60709) 


2     Snow/ or Ice/ (4363) 


3     1 or 2 (64253) 


4     exp Death/ (114941) 


5     exp Mortality/ or mo.fs. (576727) 


6     exp Morbidity/ (373172) 


7     Risk Factors/ (567327) 


8     or/4-7 (1396264) 


9     3 and 8 (1725) 


10     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (788) 


11     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (239) 


12     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 


(1273) 


13     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. (6057) 


14     (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. (3171249) 


15     13 and 14 (1243) 


16     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. (472) 


17     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (177) 


18     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (343) 


19     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (75) 


20     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (194) 


21     Seasons/ and (Death/ or Mortality/ or Morbidity/ or Risk Factors/) (5119) 


22     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. (1222) 


23     or/9-12,15-22 (11237) 


24     ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. (455) 


25     (winter adj3 fuel).ti,ab. (14) 


26     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (19) 


27     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (44) 


28     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. (177) 


29     or/24-28 (705) 


30     exp Housing/ (25422) 


31     exp Cold Temperature/ (60709) 


32     Heating/ (4100) 


33     30 and (31 or 32) (433) 


34     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. (129) 
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35     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab. (682) 


36     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. (505) 


37     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. (17) 


38     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. (39) 


39     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab. (48) 


40     ((energy adj3 efficien$) and (home or homes or house or houses or household$ or 


housing)).ti,ab. (117) 


41     ((energy adj3 efficien$) and (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$ or domestic$)).ti,ab. (53) 


42     (home energy adj3 (program$ or assist$)).ti,ab. (3) 


43     (insulat$ adj4 (home or homes or house or houses or household$ or housing)).ti,ab. (86) 


44     (insulat$ adj4 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. (8) 


45     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company Obligation).ti,ab. 


(21) 


46     thermal comfort.ti,ab. (558) 


47     or/33-46 (2481) 


48     exp Accidents/ (138538) 


49     exp *"Wounds and Injuries"/ (547370) 


50     Snow/ or Ice/ (4363) 


51     *Seasons/ (14654) 


52     (48 or 49) and (50 or 51) (607) 


53     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab. (1558) 


54     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab. (881) 


55     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab. (5) 


56     or/52-55 (2913) 


57     Forecasting/ and Weather/ (174) 


58     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. (224) 


59     health forecast$.ti,ab. (18) 


60     or/57-59 (392) 


61     23 or 29 or 47 or 56 or 60 (17234) 


62     exp Animals/ not Humans/ (4031668) 


63     (exp Plants/ or exp Plant Structures/ or exp Plant Physiological Phenomena/) not humans/ 


(447136) 


64     (comment or editorial or letter).pt. (1234425) 


65     61 not (62 or 63 or 64) (13264) 
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66     limit 65 to (english language and yr="1993 -Current") (9279) 


 


NB. After removal of duplicate records the final results total was 8451 


 


Key: 


/         subject heading (MeSH) 


exp     explode subject heading (MeSH) 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


Embase (OvidSP). 1974-2013/week 38. Searched 24 September 2013. 


 


1     *winter/ (4511) 


2     *cold/ (9790) 


3     *snow/ or *ice/ (2997) 


4     or/1-3 (17247) 


5     exp *death/ (100114) 


6     exp *mortality/ (81918) 


7     exp *morbidity/ (17192) 


8     *risk factor/ (25240) 


9     or/5-8 (211937) 


10     4 and 9 (236) 


11     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (926) 


12     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (291) 


13     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 


(1478) 


14     ((cold or colder) adj3 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. (6539) 


15     (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. (4143060) 


16     14 and 15 (1398) 


17     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. (556) 


18     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (217) 


19     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (397) 


20     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (93) 


21     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (232) 


22     *season/ and (exp *death/ or exp *mortality/ or exp *morbidity/ or *risk factor/) (487) 


23     (season$ adj2 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. (759) 


24     or/10-13,16-23 (6277) 


25     ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. (632) 
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26     (winter adj3 fuel).ti,ab. (20) 


27     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (22) 


28     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (64) 


29     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. (246) 


30     or/25-29 (979) 


31     *housing/ (7070) 


32     *cold/ (9790) 


33     *heating/ (3074) 


34     31 and (32 or 33) (117) 


35     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. (155) 


36     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab. (887) 


37     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. (604) 


38     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. (20) 


39     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. (63) 


40     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab. (70) 


41     ((energy adj3 efficien$) and (home or homes or house or houses or household$ or 


housing)).ti,ab. (163) 


42     ((energy adj3 efficien$) and (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$ or domestic$)).ti,ab. (85) 


43     (home energy adj3 (program$ or assist$)).ti,ab. (3) 


44     (insulat$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab. (94) 


45     (insulat$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. (16) 


46     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company Obligation).ti,ab. 


(31) 


47     thermal comfort.ti,ab. (694) 


48     or/34-47 (2838) 


49     exp *accident/ (74718) 


50     exp *injury/ or exp *fracture/ (841006) 


51     *snow/ or *ice/ (2997) 


52     *season/ (10421) 


53     (49 or 50) and (51 or 52) (481) 


54     ((fall or falls or falling or slip or slips or slipping) adj2 (winter or snow or ice or weather or 


season$)).ti,ab. (1748) 


55     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj2 (winter or snow or ice 


or weather or season$)).ti,ab. (702) 


56     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab. (9) 
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57     or/53-56 (2878) 


58     *forecasting/ and *weather/ (52) 


59     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. (396) 


60     health forecast$.ti,ab. (22) 


61     or/58-60 (442) 


62     24 or 30 or 48 or 57 or 61 (13179) 


63     (editorial or letter or note).pt. (1872994) 


64     62 not 63 (12925) 


65     limit 64 to human (7380) 


66     limit 65 to (english language and yr="1993 -Current") (5445) 


 


Key: 


/         subject heading (EMTREE) 


exp     explode subject heading (EMTREE) 


* focus subject heading (EMTREE) 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


Social Policy & Practice (OvidSP). 1890s-201307. Searched 30 September 2013. 


 


1     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab,de. (64) 


2     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab,de. (12) 


3     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or 


disease$)).ti,ab,de. (28) 


4     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab,de. (46) 


5     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab,de. (48) 


6     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab,de. (13) 


7     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,de. (5) 


8     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,de. (14) 


9     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,de. (9) 


10     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab,de. (23) 


11     or/1-10 (160) 


12     (fuel adj3 (poverty or poor or afford or affordable or affordability or tariff$)).ti,ab,de. (469) 


13     (winter adj3 fuel).ti,ab,de. (42) 


14     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab,de. (43) 


15     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab,de. 


(26) 
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16     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab,de. (57) 


17     or/12-16 (556) 


18     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab,de. (64) 


19     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab,de. (528) 


20     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or households or housing)).ti,ab,de. (162) 


21     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab,de. (3) 


22     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab,de. (24) 


23     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab,de. (4) 


24     (energy efficienc$ adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab,de. (343) 


25     (energy efficienc$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$ or domestic$)).ti,ab,de. (75) 


26     (home energy adj3 (program$ or assist$)).ti,ab,de. (6) 


27     (insulat$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab,de. (265) 


28     (insulat$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab,de. (16) 


29     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company 


Obligation).ti,ab,de. (122) 


30     thermal comfort.ti,ab,de. (32) 


31     or/18-30 (1146) 


32     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab,de. (2) 


33     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab,de. (6) 


34     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab,de. (2) 


35     or/32-34 (10) 


36     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab,de. (13) 


37     health forecast$.ti,ab,de. (1) 


38     36 or 37 (14) 


39     11 or 17 or 31 or 35 or 38 (1590) 


40     limit 39 to yr="1993 -Current" (1357) 


 


Key: 


.ti,ab,de.   searches are restricted to the title, abstract and descriptor fields 


adj       searches for adjacent terms 


adj3  searches for terms within three words of each other 
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$  truncation symbol 


$1  truncation restricted to one character 


or/1-4  combine sets 1 to 4 using OR 


 


Science Citation Index (SCI) (Web of Science). 1900 – 2013-09-27. Searched 2 October 2013. 


 


# 34 4,433 (#33) AND Document Types=(Article OR Book OR Book Chapter OR 


Meeting Abstract OR Proceedings Paper OR Review)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 33 4,743 #27 NOT #32  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 32 14,445,591 #28 or #29 or #30 or #31  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 31 7,053,047 SU=(Agriculture or "Astronomy & Astrophysics" or "Biochemistry & 


Molecular Biology" or "Biodiversity & Conservation" or Chemistry or 


Crystallography or Electrochemistry or "Energy & Fuels" or 


Entomology or "Evolutionary Biology" or Fisheries or "Food Science & 


Technology" or Forestry or "Geochemistry & Geophysics" or Geology 


or "Marine & Freshwater Biology" or "Medical Laboratory Technology" 


or Oceanography or Parasitology or"Plant Sciences" or Spectroscopy 


or "Veterinary Sciences" or Zoology)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 30 11,740,697 WC=(Agricultural or Agriculture or Agronomy or Astronomy or 


Astrophysics or Biochemistry or "Biodiversity Conservation" or 


"Molecular Biology" or Chemistry or "Computer Science" or Ecology or 


"Energy & Fuels" or Engineering or Entomology or "Evolutionary 


Biology" or Fisheries or "Food Science & Technology" or Forestry or 


Genetics or Heredity or Geology or Geosciences or Horticulture or 


"Marine & Freshwater Biology" or "Materials Science" or 


"Meteorology & Atmospheric Sciences" or Mineralogy or "Mining & 


Mineral Processing" or Oceanography or Parasitology or Physics or 


"Plant Sciences" or "Soil Science" or Spectroscopy or "Veterinary 


Sciences" or "Water Resources" or Zoology)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 29 1,751,630 TS=(tree or trees or woodland or forest or forests or plant or plants or 


leaf or leaves or soil or agriculture or agricultural or agronomy or crop 


or crops or grass or grasses)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 28 3,144,056 TS=(rat or rats or mouse or mice or murine or hamster or hamsters or 


animal or animals or dogs or dog or canine or pig or pigs or cats or 


bovine or cow or cattle or sheep or ovine or porcine or monkey or 


monkeys or hen or hens or chicken or chickens or poultry or rabbit or 


rabbits or fish or fishes or salmon or bird or birds or insect or insects)  


Databases=SCI-EXPANDED Timespan=1993-2013 
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# 27 18,313 #8 or #12 or #20 or #26  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 26 3,464 #21 or #22 or #23 or #24 or #25  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 25 24 TS=("health forecast*")  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 24 1,788 TS=(("forecast" or "alert" or "alerts" or "warning" or "warnings" or 


"alarm" or "alarms") NEAR/3 ("cold" or "colder" or "weather" or 


"winter" or "met office" or "meteorological office"))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 23 15 TS=((grit or gritted or gritting or gritter*) NEAR/3 (road* or pavement* 


or sidewalk* or driveway* or pathway* or path*1))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 22 1,217 TS=(("accident" or "accidents" or "injury" or "injuries" or "injured" or 


fracture*) NEAR/3 ("winter" or "snow" or "ice" or "weather"))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 21 443 TS=(("falls" or "falling" or "slip" or "slips" or "slipping") NEAR/3 


("winter" or "snow" or "ice" or "weather"))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 20 2,873 #13 or #14 or #15 or #16 or #17 or #18 or #19  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 19 193 TS=( "Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" 


or "Energy Company Obligation")  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 18 272 TS=(insulat* NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented 


or tenancy or tenancies or dwelling*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 17 13 TS=( "home energy " NEAR/3 (program* or assist*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 16 332 TS=("energy efficien*" NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented 


or tenancy or tenancies or dwelling* or domestic*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 15 119 TS=(damp NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy 


or tenancies or dwelling*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 14 1,758 TS=((warm* or heat* or underheat* or temperature*) NEAR/2 (home 


or homes or house or houses or household* or housing or 


accommodation* or rent or rents or rented or tenancy or tenancies or 


dwelling*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 13 365 TS=((cold or freez* or frozen) NEAR/3 (home or homes or house or 
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houses or household* or housing or accommodation* or rent or rents 


or rented or tenancy or tenancies or dwelling*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 12 1,073 #9 or #10 or #11  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 11 500 TS=(("heating" or gas or electricity) NEAR/2 (payment* or allowance* 


or benefit* or grant* or voucher*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 10 246 TS=((winter or cold or weaher) NEAR/3 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 9 334 TS=("fuel" NEAR/3 (winter or poverty or poor or afford or affordable 


or affordability or tariff*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 8 11,193 #1 or #4 or #5 or #6 or #7  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 7 1,678 TS=(season* NEAR/2 (death* or fatalit* or mortalit* or morbidit* or 


"risk" or "risks" or vulnerabl* or suceptib*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 6 1,552 TS=((winter or weather or temperature* or cold or colder) NEAR/2 


(vulnerab* or "risk" or "risks" or suceptib*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 5 1,719 TS=((excess or excessive or severe or severity or exposure) NEAR/3 


winter)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 4 1,365 #2 and #3  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 3 2,799,726 TS=(death* or fatalit* or mortalit* or morbidit* or illness* or 


disease*)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 2 13,498 TS=((cold or colder) NEAR/2 (spell* or season* or month* or period* 


or condition* or event or related or excess or excessive or severe or 


severity or extreme))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 1 5,890 TS=((winter or weather or temperature*) NEAR/3 (death* or fatalit* 


or mortalit* or morbidit* or illness* or disease*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


 


 


Key: 


TS Topic (searches terms in Title, Abstract, Author Keywords and Keywords Plus fields) 


SU Research Area (specific fields of study) 


WC Web of Science Category (specific fields of study) 


NEAR   searches for adjacent terms 
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NEAR/3 searches for terms within three words of each other 


* truncation symbol 


"  " phrase search 


 


Social Sciences Citation Index (SSCI) (Web of Science). 1956 – 2013-09-27. Searched 2 October 


2013. 


 


# 34 1,291  (#33) AND Document Types=(Article OR Book OR Book Chapter OR 


Meeting Abstract OR Proceedings Paper OR Review)  


Databases=SSCI Timespan=1993-2013 


# 33 1,399  #27 NOT #32  


Databases=SSCI Timespan=1993-2013 


# 32 364,512  #28 or #29 or #30 or #31  


Databases=SSCI Timespan=1993-2013 


# 31 80,352  SU=(Agriculture or "Astronomy & Astrophysics" or "Biochemistry & 


Molecular Biology" or "Biodiversity & Conservation" or Chemistry or 


Crystallography or Electrochemistry or "Energy & Fuels" or Entomology or 


"Evolutionary Biology" or Fisheries or "Food Science & Technology" or 


Forestry or "Geochemistry & Geophysics" or Geology or "Marine & 


Freshwater Biology" or "Medical Laboratory Technology" or 


Oceanography or Parasitology or"Plant Sciences" or Spectroscopy or 


"Veterinary Sciences" or Zoology)  


Databases=SSCI Timespan=1993-2013 


# 30 212,424  WC=(Agricultural or Agriculture or Agronomy or Astronomy or 


Astrophysics or Biochemistry or "Biodiversity Conservation" or 


"Molecular Biology" or Chemistry or "Computer Science" or Ecology or 


"Energy & Fuels" or Engineering or Entomology or "Evolutionary Biology" 


or Fisheries or "Food Science & Technology" or Forestry or Genetics or 


Heredity or Geology or Geosciences or Horticulture or "Marine & 


Freshwater Biology" or "Materials Science" or "Meteorology & 


Atmospheric Sciences" or Mineralogy or "Mining & Mineral Processing" 


or Oceanography or Parasitology or Physics or "Plant Sciences" or "Soil 


Science" or Spectroscopy or "Veterinary Sciences" or "Water Resources" 


or Zoology)  


Databases=SSCI Timespan=1993-2013 


# 29 115,582  TS=(tree or trees or woodland or forest or forests or plant or plants or 


leaf or leaves or soil or agriculture or agricultural or agronomy or crop or 


crops or grass or grasses)  


Databases=SSCI Timespan=1993-2013 


# 28 83,105  TS=(rat or rats or mouse or mice or murine or hamster or hamsters or 


animal or animals or dogs or dog or canine or pig or pigs or cats or bovine 


or cow or cattle or sheep or ovine or porcine or monkey or monkeys or 


hen or hens or chicken or chickens or poultry or rabbit or rabbits or fish 


or fishes or salmon or bird or birds or insect or insects)  
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Databases=SSCI Timespan=1993-2013 


# 27 2,123  #8 or #12 or #20 or #26  


Databases=SSCI Timespan=1993-2013 


# 26 259  #21 or #22 or #23 or #24 or #25  


Databases=SSCI Timespan=1993-2013 


# 25 16  TS=("health forecast*")  


Databases=SSCI Timespan=1993-2013 


# 24 92  TS=(("forecast" or "alert" or "alerts" or "warning" or "warnings" or 


"alarm" or "alarms") NEAR/3 ("cold" or "colder" or "weather" or "winter" 


or "met office" or "meteorological office"))  


Databases=SSCI Timespan=1993-2013 


# 23 4  TS=((grit or gritted or gritting or gritter*) NEAR/3 (road* or pavement* or 


sidewalk* or driveway* or pathway* or path*1))  


Databases=SSCI Timespan=1993-2013 


# 22 127  TS=(("accident" or "accidents" or "injury" or "injuries" or "injured" or 


fracture*) NEAR/3 ("winter" or "snow" or "ice" or "weather"))  


Databases=SSCI Timespan=1993-2013 


# 21 29  TS=(("falls" or "falling" or "slip" or "slips" or "slipping") NEAR/3 ("winter" 


or "snow" or "ice" or "weather"))  


Databases=SSCI Timespan=1993-2013 


# 20 557  #13 or #14 or #15 or #16 or #17 or #18 or #19  


Databases=SSCI Timespan=1993-2013 


# 19 11  TS=( "Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" or 


"Energy Company Obligation")  


Databases=SSCI Timespan=1993-2013 


# 18 44  TS=(insulat* NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=SSCI Timespan=1993-2013 


# 17 8  TS=( "home energy " NEAR/3 (program* or assist*))  


Databases=SSCI Timespan=1993-2013 


# 16 210  TS=("energy efficien*" NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented or 


tenancy or tenancies or dwelling* or domestic*))  


Databases=SSCI Timespan=1993-2013 


# 15 17  TS=(damp NEAR/3 (home or homes or house or houses or household* or 


housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=SSCI Timespan=1993-2013 


# 14 239  TS=((warm* or heat* or underheat* or temperature*) NEAR/2 (home or 


homes or house or houses or household* or housing or accommodation* 


or rent or rents or rented or tenancy or tenancies or dwelling*))  


Databases=SSCI Timespan=1993-2013 


# 13 92  TS=((cold or freez* or frozen) NEAR/3 (home or homes or house or 
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houses or household* or housing or accommodation* or rent or rents or 


rented or tenancy or tenancies or dwelling*))  


Databases=SSCI Timespan=1993-2013 


# 12 287  #9 or #10 or #11  


Databases=SSCI Timespan=1993-2013 


# 11 150  TS=(("heating" or gas or electricity) NEAR/2 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=SSCI Timespan=1993-2013 


# 10 19  TS=((winter or cold or weaher) NEAR/3 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=SSCI Timespan=1993-2013 


# 9 122  TS=("fuel" NEAR/3 (winter or poverty or poor or afford or affordable or 


affordability or tariff*))  


Databases=SSCI Timespan=1993-2013 


# 8 1,150  #1 or #4 or #5 or #6 or #7  


Databases=SSCI Timespan=1993-2013 


# 7 277  TS=(season* NEAR/2 (death* or fatalit* or mortalit* or morbidit* or 


"risk" or "risks" or vulnerabl* or suceptib*))  


Databases=SSCI Timespan=1993-2013 


# 6 319  TS=((winter or weather or temperature* or cold or colder) NEAR/2 


(vulnerab* or "risk" or "risks" or suceptib*))  


Databases=SSCI Timespan=1993-2013 


# 5 166  TS=((excess or excessive or severe or severity or exposure) NEAR/3 


winter)  


Databases=SSCI Timespan=1993-2013 


# 4 135  #2 and #3  


Databases=SSCI Timespan=1993-2013 


# 3 284,868  TS=(death* or fatalit* or mortalit* or morbidit* or illness* or disease*)  


Databases=SSCI Timespan=1993-2013 


# 2 693  TS=((cold or colder) NEAR/2 (spell* or season* or month* or period* or 


condition* or event or related or excess or excessive or severe or severity 


or extreme))  


Databases=SSCI Timespan=1993-2013 


# 1 439  TS=((winter or weather or temperature*) NEAR/3 (death* or fatalit* or 


mortalit* or morbidit* or illness* or disease*))  


Databases=SSCI Timespan=1993-2013 


 


Key: 


TS Topic (searches terms in Title, Abstract, Author Keywords and Keywords Plus fields) 


SU Research Area (specific fields of study) 


WC Web of Science Category (specific fields of study) 


NEAR   searches for adjacent terms 


NEAR/3 searches for terms within three words of each other 


* truncation symbol 
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"  " phrase search 


 


Conference Proceedings Citation Index-Science (CPCI-S) (Web of Science). 1990 – 2013-09-27. 


Searched 2 October 2013. 


 


# 33 238  #27 NOT #32  


Databases=CPCI-S Timespan=1993-2013 


# 32 4,622,783  #28 or #29 or #30 or #31  


Databases=CPCI-S Timespan=1993-2013 


# 31 1,199,928  SU=(Agriculture or "Astronomy & Astrophysics" or "Biochemistry & 


Molecular Biology" or "Biodiversity & Conservation" or Chemistry or 


Crystallography or Electrochemistry or "Energy & Fuels" or Entomology 


or "Evolutionary Biology" or Fisheries or "Food Science & Technology" 


or Forestry or "Geochemistry & Geophysics" or Geology or "Marine & 


Freshwater Biology" or "Medical Laboratory Technology" or 


Oceanography or Parasitology or"Plant Sciences" or Spectroscopy or 


"Veterinary Sciences" or Zoology)  


Databases=CPCI-S Timespan=1993-2013 


# 30 4,304,050  WC=(Agricultural or Agriculture or Agronomy or Astronomy or 


Astrophysics or Biochemistry or "Biodiversity Conservation" or 


"Molecular Biology" or Chemistry or "Computer Science" or Ecology or 


"Energy & Fuels" or Engineering or Entomology or "Evolutionary 


Biology" or Fisheries or "Food Science & Technology" or Forestry or 


Genetics or Heredity or Geology or Geosciences or Horticulture or 


"Marine & Freshwater Biology" or "Materials Science" or "Meteorology 


& Atmospheric Sciences" or Mineralogy or "Mining & Mineral 


Processing" or Oceanography or Parasitology or Physics or "Plant 


Sciences" or "Soil Science" or Spectroscopy or "Veterinary Sciences" or 


"Water Resources" or Zoology)  


Databases=CPCI-S Timespan=1993-2013 


# 29 350,620  TS=(tree or trees or woodland or forest or forests or plant or plants or 


leaf or leaves or soil or agriculture or agricultural or agronomy or crop 


or crops or grass or grasses)  


Databases=CPCI-S Timespan=1993-2013 


# 28 353,128  TS=(rat or rats or mouse or mice or murine or hamster or hamsters or 


animal or animals or dogs or dog or canine or pig or pigs or cats or 


bovine or cow or cattle or sheep or ovine or porcine or monkey or 


monkeys or hen or hens or chicken or chickens or poultry or rabbit or 


rabbits or fish or fishes or salmon or bird or birds or insect or insects)  


Databases=CPCI-S Timespan=1993-2013 


# 27 723  #8 or #12 or #20 or #26  


Databases=CPCI-S Timespan=1993-2013 


# 26 219  #21 or #22 or #23 or #24 or #25  


Databases=CPCI-S Timespan=1993-2013 
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# 25 4  TI=("health forecast*")  


Databases=CPCI-S Timespan=1993-2013 


# 24 133  TI=(("forecast" or "alert" or "alerts" or "warning" or "warnings" or 


"alarm" or "alarms") NEAR/3 ("cold" or "colder" or "weather" or 


"winter" or "met office" or "meteorological office"))  


Databases=CPCI-S Timespan=1993-2013 


# 23 0  TI=((grit or gritted or gritting or gritter*) NEAR/3 (road* or pavement* 


or sidewalk* or driveway* or pathway* or path or paths))  


Databases=CPCI-S Timespan=1993-2013 


# 22 61  TI=(("accident" or "accidents" or "injury" or "injuries" or "injured" or 


fracture*) NEAR/3 ("winter" or "snow" or "ice" or "weather"))  


Databases=CPCI-S Timespan=1993-2013 


# 21 22  TI=(("falls" or "falling" or "slip" or "slips" or "slipping") NEAR/3 ("winter" 


or "snow" or "ice" or "weather"))  


Databases=CPCI-S Timespan=1993-2013 


# 20 198  #13 or #14 or #15 or #16 or #17 or #18 or #19  


Databases=CPCI-S Timespan=1993-2013 


# 19 3  TI=( "Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" or 


"Energy Company Obligation")  


Databases=CPCI-S Timespan=1993-2013 


# 18 34  TI=(insulat* NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=CPCI-S Timespan=1993-2013 


# 17 1  TI=( "home energy " NEAR/3 (program* or assist*))  


Databases=CPCI-S Timespan=1993-2013 


# 16 41  TI=("energy efficien*" NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented 


or tenancy or tenancies or dwelling* or domestic*))  


Databases=CPCI-S Timespan=1993-2013 


# 15 6  TI=(damp NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=CPCI-S Timespan=1993-2013 


# 14 89  TI=((warm* or heat* or underheat* or temperature*) NEAR/2 (home or 


homes or house or houses or household* or housing or 


accommodation* or rent or rents or rented or tenancy or tenancies or 


dwelling*))  


Databases=CPCI-S Timespan=1993-2013 


# 13 27  TI=((cold or freez* or frozen) NEAR/3 (home or homes or house or 


houses or household* or housing or accommodation* or rent or rents 


or rented or tenancy or tenancies or dwelling*))  


Databases=CPCI-S Timespan=1993-2013 


# 12 31  #9 or #10 or #11  



http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=244&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=243&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=239&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=238&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=237&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=236&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=235&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=234&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=233&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=232&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=231&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=230&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=229&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch





69 


 


Databases=CPCI-S Timespan=1993-2013 


# 11 23  TI=(("heating" or gas or electricity) NEAR/2 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=CPCI-S Timespan=1993-2013 


# 10 5  TI=((winter or cold or weaher) NEAR/3 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=CPCI-S Timespan=1993-2013 


# 9 3  TI=(fuel NEAR/3 (winter or poverty or poor or afford or affordable or 


affordability or tariff*))  


Databases=CPCI-S Timespan=1993-2013 


# 8 278  #1 or #4 or #5 or #6 or #7  


Databases=CPCI-S Timespan=1993-2013 


# 7 42  TI=(season* NEAR/3 (death* or fatalit* or mortalit* or morbidit* or 


"risk" or "risks" or vulnerabl* or suceptib*))  


Databases=CPCI-S Timespan=1993-2013 


# 6 70  TI=((winter or weather or temperature* or cold or colder) NEAR/3 


(vulnerab* or "risk" or "risks" or suceptib*))  


Databases=CPCI-S Timespan=1993-2013 


# 5 20  TI=((excess or excessive or severe or severity or exposure) NEAR/3 


winter)  


Databases=CPCI-S Timespan=1993-2013 


# 4 10  #2 and #3  


Databases=CPCI-S Timespan=1993-2013 


# 3 197  TI=((cold or colder) NEAR/2 (spell* or season* or month* or period* or 


condition* or event or related or excess or excessive or severe or 


severity or extreme))  


Databases=CPCI-S Timespan=1993-2013 


# 2 134,816  TI=(death* or fatalit* or mortalit* or morbidit* or illness* or disease*)  


Databases=CPCI-S Timespan=1993-2013 


# 1 147  TI=((winter or weather or temperature*) NEAR/3 (death* or fatalit* or 


mortalit* or morbidit* or illness* or disease*))  


Databases=CPCI-S Timespan=1993-2013 


 


Key: 


TS Topic (searches terms in Title, Abstract, Author Keywords and Keywords Plus fields) 


SU Research Area (specific fields of study) 


WC Web of Science Category (specific fields of study) 


NEAR   searches for adjacent terms 


NEAR/3 searches for terms within three words of each other 


* truncation symbol 


"  " phrase search 


 


Conference Proceedings Citation Index-Social Science & Humanities (CPCI-SSH) (Web of Science). 


1990 – 2013-09-27. Searched 2 October 2013. 
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# 33 112 #27 NOT #32  


Databases=CPCI-SSH Timespan=1993-2013 


# 32 120,196 #28 or #29 or #30 or #31  


Databases=CPCI-SSH Timespan=1993-2013 


# 31 11,270 SU=(Agriculture or "Astronomy & Astrophysics" or "Biochemistry & 


Molecular Biology" or "Biodiversity & Conservation" or Chemistry or 


Crystallography or Electrochemistry or "Energy & Fuels" or Entomology or 


"Evolutionary Biology" or Fisheries or "Food Science & Technology" or 


Forestry or "Geochemistry & Geophysics" or Geology or "Marine & 


Freshwater Biology" or "Medical Laboratory Technology" or 


Oceanography or Parasitology or"Plant Sciences" or Spectroscopy or 


"Veterinary Sciences" or Zoology)  


Databases=CPCI-SSH Timespan=1993-2013 


# 30 105,727 WC=(Agricultural or Agriculture or Agronomy or Astronomy or 


Astrophysics or Biochemistry or "Biodiversity Conservation" or 


"Molecular Biology" or Chemistry or "Computer Science" or Ecology or 


"Energy & Fuels" or Engineering or Entomology or "Evolutionary Biology" 


or Fisheries or "Food Science & Technology" or Forestry or Genetics or 


Heredity or Geology or Geosciences or Horticulture or "Marine & 


Freshwater Biology" or "Materials Science" or "Meteorology & 


Atmospheric Sciences" or Mineralogy or "Mining & Mineral Processing" 


or Oceanography or Parasitology or Physics or "Plant Sciences" or "Soil 


Science" or Spectroscopy or "Veterinary Sciences" or "Water Resources" 


or Zoology)  


Databases=CPCI-SSH Timespan=1993-2013 


# 29 17,347 TS=(tree or trees or woodland or forest or forests or plant or plants or 


leaf or leaves or soil or agriculture or agricultural or agronomy or crop or 


crops or grass or grasses)  


Databases=CPCI-SSH Timespan=1993-2013 


# 28 6,472 TS=(rat or rats or mouse or mice or murine or hamster or hamsters or 


animal or animals or dogs or dog or canine or pig or pigs or cats or bovine 


or cow or cattle or sheep or ovine or porcine or monkey or monkeys or 


hen or hens or chicken or chickens or poultry or rabbit or rabbits or fish 


or fishes or salmon or bird or birds or insect or insects)  


Databases=CPCI-SSH Timespan=1993-2013 


# 27 226 #8 or #12 or #20 or #26  


Databases=CPCI-SSH Timespan=1993-2013 


# 26 39 #21 or #22 or #23 or #24 or #25  


Databases=CPCI-SSH Timespan=1993-2013 


# 25 1 TS=("health forecast*")  


Databases=CPCI-SSH Timespan=1993-2013 


# 24 22 TS=(("forecast" or "alert" or "alerts" or "warning" or "warnings" or 


"alarm" or "alarms") NEAR/3 ("cold" or "colder" or "weather" or "winter" 
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or "met office" or "meteorological office"))  


Databases=CPCI-SSH Timespan=1993-2013 


# 23 1 TS=((grit or gritted or gritting or gritter*) NEAR/3 (road* or pavement* or 


sidewalk* or driveway* or pathway* or path*1))  


Databases=CPCI-SSH Timespan=1993-2013 


# 22 11 TS=(("accident" or "accidents" or "injury" or "injuries" or "injured" or 


fracture*) NEAR/3 ("winter" or "snow" or "ice" or "weather"))  


Databases=CPCI-SSH Timespan=1993-2013 


# 21 5 TS=(("falls" or "falling" or "slip" or "slips" or "slipping") NEAR/3 ("winter" 


or "snow" or "ice" or "weather"))  


Databases=CPCI-SSH Timespan=1993-2013 


# 20 78 #13 or #14 or #15 or #16 or #17 or #18 or #19  


Databases=CPCI-SSH Timespan=1993-2013 


# 19 0  TS=( "Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" or 


"Energy Company Obligation")  


Databases=CPCI-SSH Timespan=1993-2013 


# 18 12 TS=(insulat* NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 17 2 TS=( "home energy " NEAR/3 (program* or assist*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 16 31 TS=("energy efficien*" NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented or 


tenancy or tenancies or dwelling* or domestic*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 15 0  TS=(damp NEAR/3 (home or homes or house or houses or household* or 


housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 14 26 TS=((warm* or heat* or underheat* or temperature*) NEAR/2 (home or 


homes or house or houses or household* or housing or accommodation* 


or rent or rents or rented or tenancy or tenancies or dwelling*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 13 13 TS=((cold or freez* or frozen) NEAR/3 (home or homes or house or 


houses or household* or housing or accommodation* or rent or rents or 


rented or tenancy or tenancies or dwelling*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 12 27 #9 or #10 or #11  


Databases=CPCI-SSH Timespan=1993-2013 


# 11 17 TS=(("heating" or gas or electricity) NEAR/2 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 10 1 TS=((winter or cold or weaher) NEAR/3 (payment* or allowance* or 
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benefit* or grant* or voucher*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 9 9 TS=("fuel" NEAR/3 (winter or poverty or poor or afford or affordable or 


affordability or tariff*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 8 87 #1 or #4 or #5 or #6 or #7  


Databases=CPCI-SSH Timespan=1993-2013 


# 7 12 TS=(season* NEAR/2 (death* or fatalit* or mortalit* or morbidit* or 


"risk" or "risks" or vulnerabl* or suceptib*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 6 34 TS=((winter or weather or temperature* or cold or colder) NEAR/2 


(vulnerab* or "risk" or "risks" or suceptib*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 5 20 TS=((excess or excessive or severe or severity or exposure) NEAR/3 


winter)  


Databases=CPCI-SSH Timespan=1993-2013 


# 4 7 #2 and #3  


Databases=CPCI-SSH Timespan=1993-2013 


# 3 12,795 TS=(death* or fatalit* or mortalit* or morbidit* or illness* or disease*)  


Databases=CPCI-SSH Timespan=1993-2013 


# 2 88 TS=((cold or colder) NEAR/2 (spell* or season* or month* or period* or 


condition* or event or related or excess or excessive or severe or severity 


or extreme))  


Databases=CPCI-SSH Timespan=1993-2013 


# 1 17 TS=((winter or weather or temperature*) NEAR/3 (death* or fatalit* or 


mortalit* or morbidit* or illness* or disease*))  


Databases=CPCI-SSH Timespan=1993-2013 


 


Key: 


TS Topic (searches terms in Title, Abstract, Author Keywords and Keywords Plus fields) 


SU Research Area (specific fields of study) 


WC Web of Science Category (specific fields of study) 


NEAR   searches for adjacent terms 


NEAR/3 searches for terms within three words of each other 


* truncation symbol 


"  " phrase search 


 


HMIC (OvidSP). 1979-2013/March. Searched 30 September 2013. 


 


1     exp Winter/ (180) 


2     Snow/ or Ice/ (4) 


3     1 or 2 (183) 


4     exp Death/ (2782) 


5     exp Mortality/ (5160) 



http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=262&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=261&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=260&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=259&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=258&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=257&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=256&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=255&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=254&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch
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6     exp Morbidity/ (3077) 


7     exp Risk factors/ (3899) 


8     or/4-7 (12869) 


9     3 and 8 (30) 


10     exp "Cold as cause of disease"/ (48) 


11     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (58) 


12     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (6) 


13     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 


(20) 


14     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. (52) 


15     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. (49) 


16     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (11) 


17     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (17) 


18     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (2) 


19     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (6) 


20     exp Seasonal factors/ and (Death/ or Mortality/ or Morbidity/ or Risk Factors/) (20) 


21     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. (39) 


22     or/9-21 (224) 


23     exp Fuel poverty/ (40) 


24     ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. (79) 


25     (winter adj3 fuel).ti,ab. (6) 


26     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (3) 


27     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (10) 


28     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. (12) 


29     or/23-28 (118) 


30     exp Housing/ (3183) 


31     exp Winter/ or exp Seasonal Factors/ (286) 


32     exp building climatic services/ (390) 


33     warmth/ (36) 


34     30 and (31 or 32 or 33) (17) 


35     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. (26) 


36     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab. (64) 


37     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. (24) 


38     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. (2) 


39     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. (0) 
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40     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab. (0) 


41     ((energy adj3 efficien$) and (home or homes or house or houses or household$ or 


housing)).ti,ab. (38) 


42     ((energy adj3 efficien$) and (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$ or domestic$)).ti,ab. (12) 


43     (home energy adj3 (program$ or assist$)).ti,ab. (1) 


44     (insulat$ adj4 (home or homes or house or houses or household$ or housing)).ti,ab. (9) 


45     (insulat$ adj4 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. (0) 


46     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company Obligation).ti,ab. 


(4) 


47     thermal comfort.ti,ab. (10) 


48     or/34-47 (150) 


49     exp Accidents/ (2703) 


50     exp wounds & injuries/ (2186) 


51     Winter/ or Snow/ or Ice/ (183) 


52     exp seasonal factors/ (131) 


53     (49 or 50) and (51 or 52) (0) 


54     exp Weather hazards/ (51) 


55     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab. (9) 


56     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab. (5) 


57     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab. (0) 


58     or/53-57 (65) 


59     exp Weather/ and exp Forecasting/ (4) 


60     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. (18) 


61     health forecast$.ti,ab. (9) 


62     or/59-61 (26) 


63     22 or 29 or 48 or 58 or 62 (482) 


64     limit 63 to yr="1993 -Current" (352) 


 


Key: 


/         subject heading 


exp     explode subject heading 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 
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PsycINFO (OvidSP). 1806-2013/Sep week 4. Searched 30 September 2013. 


 


1     temperature effects/ or cold effects/ (3080) 


2     "death and dying"/ (21318) 


3     exp Morbidity/ (2616) 


4     risk factors/ (41469) 


5     1 and (2 or 3 or 4) (21) 


6     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (37) 


7     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (17) 


8     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 


(57) 


9     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. (531) 


10     (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. (314094) 


11     9 and 10 (55) 


12     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. (86) 


13     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (32) 


14     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (20) 


15     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (25) 


16     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (13) 


17     seasonal variations/ and ("death and dying"/ or exp Morbidity/ or risk factors/) (78) 


18     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. (110) 


19     or/5-8,11-18 (490) 


20     ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. (85) 


21     (winter adj3 fuel).ti,ab. (0) 


22     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (9) 


23     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (2) 


24     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. (20) 


25     or/20-24 (115) 


26     housing/ and (Temperature effects/ or cold effects/) (4) 


27     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. (17) 


28     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab. (93) 


29     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. (17) 


30     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. (2) 


31     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. (4) 


32     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab. (1) 
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33     ((energy adj3 efficien$) and (home or homes or house or houses or household$ or 


housing)).ti,ab. (37) 


34     ((energy adj3 efficien$) and (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$ or domestic$)).ti,ab. (9) 


35     (home energy adj3 (program$ or assist$)).ti,ab. (7) 


36     (insulat$ adj4 (home or homes or house or houses or household$ or housing)).ti,ab. (12) 


37     (insulat$ adj4 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. (0) 


38     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company Obligation).ti,ab. 


(2) 


39     or/26-38 (185) 


40     (exp accidents/ or exp Injuries/) and exp Seasonal Variations/ (22) 


41     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab. (372) 


42     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab. (78) 


43     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab. (0) 


44     or/40-43 (463) 


45     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. (87) 


46     health forecast$.ti,ab. (1) 


47     45 or 46 (88) 


48     19 or 25 or 39 or 44 or 47 (1312) 


49     limit 48 to (human and english language and yr="1993 -Current") (829) 


 


Key: 


/         subject heading 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


Cochrane Library: CDSR, DARE, CENTRAL, NHS EED and HTA (Wiley). 2013:Issue 9/12 and 3/4. 


Searched 1 October 2013. 


 


#1 MeSH descriptor: [Cold Temperature] explode all trees 1110 


#2 MeSH descriptor: [Snow] this term only 5 


#3 MeSH descriptor: [Ice] this term only 83 


#4 #1 or #2 or #3  1181 


#5 MeSH descriptor: [Death] explode all trees 1500 


#6 MeSH descriptor: [Mortality] explode all trees 10049 


#7 [mh /MO]  20804 
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#8 MeSH descriptor: [Morbidity] explode all trees 10513 


#9 MeSH descriptor: [Risk Factors] this term only 17598 


#10 #5 or #6 or #7 or #8 or #9  46439 


#11 #4 and #10  35 


#12 (winter near/4 (death* or fatalit* or mortalit* or morbidit* or illness* or disease*)):ti,ab,kw 


 26 


#13 (weather near/3 (death* or fatalit* or mortalit* or morbidit* or illness* or 


disease*)):ti,ab,kw  5 


#14 (temperature* near/3 (death* or fatalit* or mortalit* or morbidit* or illness* or 


disease*)):ti,ab,kw  131 


#15 ((cold or colder) near/4 (spell* or season* or month* or period* or condition* or event or 


events or related or excess or excessive or severe or severity or extreme)):ti,ab,kw  280 


#16 (death* or fatalit* or mortalit* or morbidit* or illness* or disease*):ti,ab,kw  173933 


#17 #15 and #16  92 


#18 ((excess or excessive or severe or severity or exposure) near/3 winter):ti,ab,kw  18 


#19 (winter near/4 (vulnerab* or risk or risks or suceptib*)):ti,ab,kw  5 


#20 (temperature* near/3 (vulnerab* or risk or risks or suceptib*)):ti,ab,kw  26 


#21 (weather near/3 (vulnerab* or risk or risks or suceptib*)):ti,ab,kw  3 


#22 ((cold or colder) near/3 (vulnerab* or risk or risks or suceptib*)):ti,ab,kw  17 


#23 MeSH descriptor: [Seasons] this term only 707 


#24 MeSH descriptor: [Death] this term only 64 


#25 MeSH descriptor: [Mortality] this term only 390 


#26 MeSH descriptor: [Morbidity] this term only 664 


#27 MeSH descriptor: [Risk Factors] this term only 17598 


#28 #24 or #25 or #26 or #27  18533 


#29 #23 and #28  43 


#30 (season* near/3 (death* or fatalit* or mortalit* or morbidit* or risk or risks or vulnerabl* or 


suceptib*)):ti,ab,kw  68 


#31 #11 or #12 or #13 or #14 or #17 or #18 or #19 or #20 or #21 or #22 or #29 or #30  411 


#32 ((fuel or energy or gas or electricity) near/3 (poverty or poor or afford or affordable or 


affordability or tariff*)):ti,ab,kw  18 


#33 (winter near/3 fuel):ti,ab,kw  0 


#34 (winter near/3 (payment* or allowance* or benefit* or grant* or voucher*)):ti,ab,kw  3 


#35 ((cold or weather) near/3 (payment* or allowance* or benefit* or grant* or 


voucher*)):ti,ab,kw  10 


#36 ((heat* or gas or electricity) near/3 (payment* or allowance* or benefit* or grant* or 


voucher*)):ti,ab,kw  21 


#37 #32 or #33 or #34 or #35 or #36  51 


#38 MeSH descriptor: [Housing] explode all trees 252 


#39 MeSH descriptor: [Cold Temperature] explode all trees 1110 


#40 MeSH descriptor: [Heating] this term only 120 


#41 #38 and (#39 or #40)  12 


#42 ((cold or freez* or frozen) near/3 (home or homes or house or houses or household* or 


housing)):ti,ab,kw  3 
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#43 ((warm* or heat* or underheat* or temperature*) near/3 (home or homes or house or 


houses or household* or housing)):ti,ab,kw  48 


#44 ((damp* or humid* or mold or moldy or mould or mouldy or condensation*) near/3 (home 


or homes or house or houses or household* or housing)):ti,ab,kw  25 


#45 ((cold or freez* or frozen) near/3 (accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*)):ti,ab,kw  0 


#46 ((warm* or heat* or underheat* or temperature*) near/3 (accommodation* or rent or rents 


or rented or tenancy or tenancies or dwelling*)):ti,ab,kw  2 


#47 ((damp or humid or mold or moldy or mould or mouldy) near/3 (accommodation* or rent or 


rents or rented or tenancy or tenancies or dwelling*)):ti,ab,kw  0 


#48 ((energy near/3 efficien*) and (home or homes or house or houses or household* or 


housing)):ti,ab,kw  6 


#49 ((energy near/3 efficien*) and (accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling* or domestic*)):ti,ab,kw  0 


#50 ("home energy" near/3 (program* or assist*)):ti,ab,kw  0 


#51 (insulat* near/4 (home or homes or house or houses or household* or housing)):ti,ab,kw 


 8 


#52 (insulat* near/4 (accommodation* or rent or rents or rented or tenancy or tenancies or 


dwelling*)):ti,ab,kw  0 


#53 ("Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" or "Energy Company 


Obligation"):ti,ab,kw  0 


#54 "thermal comfort":ti,ab,kw  60 


#55 #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or #51 or #52 or #53 or 


#54  137 


#56 MeSH descriptor: [Accidents] explode all trees 4421 


#57 MeSH descriptor: [Wounds and Injuries] explode all trees 14069 


#58 MeSH descriptor: [Snow] this term only 5 


#59 MeSH descriptor: [Ice] this term only 83 


#60 MeSH descriptor: [Seasons] this term only 707 


#61 (#56 or #57) and (#58 or #59 or #60)  55 


#62 ((fall or falls or falling or slip or slips or slipping) near/3 (winter or snow or ice or weather or 


season*)):ti,ab,kw  67 


#63 ((accident* or injury or injuries or injured or fracture* or trauma*) near/3 (winter or snow or 


ice or weather or season*)):ti,ab,kw  17 


#64 ((grit or gritted or gritting or gritter*) near/3 (road* or pavement* or sidewalk* or driveway* 


or pathway* or path or paths)):ti,ab,kw  0 


#65 #61 or #62 or #63 or #64  137 


#66 MeSH descriptor: [Forecasting] this term only 455 


#67 MeSH descriptor: [Weather] this term only 25 


#68 #66 and #67  1 


#69 ((forecast* or alert* or warning* or alarm*) near/3 (cold or colder or weather or winter or 


"met office" or "meteorological office")):ti,ab,kw  7 


#70 health next forecast*:ti,ab,kw  3 


#71 #68 or #69 or #70  10 


#72 #31 or #37 or #55 or #65 or #71  722 
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#73 #31 or #37 or #55 or #65 or #71 from 1993 598 


 


Key: 


MeSH descriptor         subject heading (MeSH) 


explode all trees explode subject heading (MeSH) 


:ti,ab,kw        searches are restricted to the title, abstract and keyword fields 


near       searches for adjacent terms 


near/3   searches for terms within three words of each other 


*   truncation symbol 


 


EconLit (OvidSP). 1961-2013/Aug. Searched 30 September 2013. 


 


1     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab,kw. (12) 


2     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab,kw. (18) 


3     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or 


disease$)).ti,ab,kw. (13) 


4     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab,kw. (115) 


5     (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab,kw. (13550) 


6     4 and 5 (12) 


7     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab,kw. (7) 


8     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab,kw. (3) 


9     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,kw. (20) 


10     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,kw. (139) 


11     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,kw. (4) 


12     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab,kw. (44) 


13     or/1-3,6-12 (253) 


14     (fuel adj3 (poverty or poor or afford or affordable or affordability or tariff$)).ti,ab,kw. (87) 


15     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab,kw. (3) 


16     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab,kw. 


(6) 


17     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab,kw. (132) 


18     or/14-17 (227) 


19     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab,kw. (15) 


20     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab,kw. (80) 


21     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or households or housing)).ti,ab,kw. (13) 


22     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab,kw. (1) 


23     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab,kw. (6) 
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24     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab,kw. (1) 


25     (energy efficienc$ adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab,kw. (88) 


26     (energy efficienc$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$ or domestic$)).ti,ab,kw. (18) 


27     (home energy adj3 (program$ or assist$)).ti,ab,kw. (2) 


28     (insulat$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab,kw. (20) 


29     (insulat$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab,kw. (0) 


30     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company 


Obligation).ti,ab,kw. (8) 


31     thermal comfort.ti,ab,kw. (21) 


32     or/19-31 (245) 


33     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab,kw. (33) 


34     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab,kw. (4) 


35     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab,kw. (0) 


36     or/33-35 (37) 


37     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab,kw. (66) 


38     health forecast$.ti,ab,kw. (1) 


39     37 or 38 (67) 


40     13 or 18 or 32 or 36 or 39 (793) 


41     limit 40 to yr="1993 -Current" (745) 


 


Key: 


.ti,ab,kw.   searches are restricted to the title, abstract and keyword fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


CEA Registry (www.cearegistry.org). Searched 3 October 2013. 


 


The Basic search option only allows one word/phrase at a time: searched each line separately and 


then browsed for potentially useful records. 


 


winter  1 (0 potentially relevant) 


snow  2 (0 potentially relevant) 


weather 1 (0 potentially relevant) 


season  33 (0 potentially relevant: mostly about influenza vaccination) 
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seasonal 16 (0 potentially relevant: mostly about influenza vaccination) 


fuel  1 (0 potentially relevant) 


housing 3 (0 potentially relevant) 


energy  15 (0 potentially relevant) 


falls  37 (0 potentially relevant: general falls prevention, not winter specific) 


forecast 19 (0 potentially relevant) 


 


RePEc (http://repec.org/). Searched 3 October 2013. 


 


IDEAS search interface 


 


(winter | weather | temperature) + (death | deaths | fatality | fatalities | mortality) 


In: Title 


Publication Date Range: 1993 to 2013 


20 records retrieved 


 


(winter | weather | temperature) + (death | deaths | fatality | fatalities | mortality) 


In: Abstract 


Publication Date Range: 1993 to 2013 


127 records retrieved 


 


(season | seasonal) + (death | deaths | fatality | fatalities | mortality) 


In: Title 


Publication Date Range: 1993 to 2013 


4 records retrieved 


 


(season | seasonal) + (death | deaths | fatality | fatalities | mortality) 


In: Abstract 


Publication Date Range: 1993 to 2013 


75 records retrieved 


 


("fuel poverty" | "winter fuel" | "winter payment" | "cold payment" | "weather payment" |  "winter 


payments" | "cold payments" | "weather payments") 


In: Title 


Publication Date Range: 1993 to 2013 


32 records retrieved 


 


("fuel poverty" | "winter fuel" | "winter payment" | "cold payment" | "weather payment" |  "winter 


payments" | "cold payments" | "weather payments") 


In: Abstract 


Publication Date Range: 1993 to 2013 


65 records retrieved 


 


"cold home" | "cold homes" | "cold house" | "cold houses" | "cold household*" | "cold housing" 


In: Title 
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Publication Date Range: 1993 to 2013 


8 records retrieved 


 


"cold home" | "cold homes" | "cold house" | "cold houses" | "cold household*" | "cold housing" 


In: Abstract 


Publication Date Range: 1993 to 2013 


3 records retrieved 


 


"warm home" | "warm homes" | "warm house" | "warm houses" | "warm households" | "warm 


housing" | "warmer home" | "warmer homes" | "warmer house" | "warmer houses" | "warmer 


households" | "warmer housing" 


In: Title 


Publication Date Range: 1993 to 2013 


2 records retrieved 


 


"warm home" | "warm homes" | "warm house" | "warm houses" | "warm households" | "warm 


housing" | "warmer home" | "warmer homes" | "warmer house" | "warmer houses" | "warmer 


households" | "warmer housing" 


In: Abstract 


Publication Date Range: 1993 to 2013 


0 records retrieved 


 


"heating home" | "heating homes" | "heating house" | "heating houses" | "heating households" | 


"heating housing" | "Warm Front" | "Warm Deal" | "Green Deal" | "Warm Zone" | "Energy 


Company Obligation" 


In: Title 


Publication Date Range: 1993 to 2013 


9 records retrieved 


 


"heating home" | "heating homes" | "heating house" | "heating houses" | "heating households" | 


"heating housing" | "Warm Front" | "Warm Deal" | "Green Deal" | "Warm Zone" | "Energy 


Company Obligation" 


In: Abstract 


Publication Date Range: 1993 to 2013 


12 records retrieved 


 


"damp home" | "damp homes" | "damp house" | "damp houses" | "damp household*" | "damp 


housing" 


In: Title 


Publication Date Range: 1993 to 2013 


0 records retrieved 


 


"damp home" | "damp homes" | "damp house" | "damp houses" | "damp household*" | "damp 


housing" 


In: Abstract 
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Publication Date Range: 1993 to 2013 


1 record retrieved 


 


"energy efficient home" | "energy efficiency home" | "energy efficient homes" | "energy efficiency 


homes" | "energy efficient house" | "energy efficiency house" | "energy efficient houses" | "energy 


efficiency houses" | "energy efficient households" | "energy efficiency households" | "energy 


efficient housing" | "energy efficiency housing" 


In: Title 


Publication Date Range: 1993 to 2013 


6 records retrieved 


 


"energy efficient home" | "energy efficiency home" | "energy efficient homes" | "energy efficiency 


homes" | "energy efficient house" | "energy efficiency house" | "energy efficient houses" | "energy 


efficiency houses" | "energy efficient households" | "energy efficiency households" | "energy 


efficient housing" | "energy efficiency housing" 


In: Abstract 


Publication Date Range: 1993 to 2013 


15 records retrieved 


 


("energy efficient" | "energy efficiency") + cost 


In: Title 


Publication Date Range: 1993 to 2013 


34 records retrieved 


[NB almost 600 records when searched in Abstract] 


 


"winter falls" | "winter accidents" | "winter injuries" | "seasonal falls" | " seasonal accidents" | " 


seasonal injuries"  


In: Title 


Publication Date Range: 1993 to 2013 


0 records retrieved 


 


"winter falls" | "winter accidents" | "winter injuries" | "seasonal falls" | " seasonal accidents" | " 


seasonal injuries"  


In: Abstract 


Publication Date Range: 1993 to 2013 


0 records retrieved 


 


"health forecast" | "health forecasts" | "health forecasting" 


In: Title 


Publication Date Range: 1993 to 2013 


1 record retrieved 


 


"health forecast" | "health forecasts" | "health forecasting" 


In: Abstract 


Publication Date Range: 1993 to 2013 
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1 record retrieved 


 


Key: 


| OR 


+ AND 


"   " phrase search  


 


Campbel Library (http://www.campbellcollaboration.org/library.php). Searched 3 October 2013. 


 


0 title is winter OR weather OR season* OR temperature OR cold OR colder 0 


1 keywords is winter OR weather OR season* OR temperature OR cold OR colder 0 


2 title is fuel 0 


3 keywords is fuel 0 


4 title is house OR houses OR housing 2 


5 keywords is house OR houses OR housing 1 


6 title is damp* OR mold* OR mould* 0 


7 keywords is damp* OR mold* OR mould* 0 


8 title is "energy efficient" OR "energy efficiency" 0 


9 keywords is "energy efficient" OR "energy efficiency" 0 


10 title is falls OR falling OR slip OR slips OR slipping 0 


11 keywords is falls OR falling OR slip OR slips OR slipping 0 


12 title is accident* OR injury OR injuries OR injured OR fracture* 3 


13 keywords is accident* OR injury OR injuries OR injured OR fracture* 2 


14 title is forecast* 0 


15 keywords is forecast* 0 


16 title is winter OR weather OR season* OR temperature OR cold OR colder or 


keywords is winter OR weather OR season* OR temperature OR cold OR colder or 


title is fuel or keywords is fuel or title is house OR houses OR housing or keywords 


is house OR houses OR housing or title is damp* OR mold* OR mould* or 


keywords is damp* OR mold* OR mould* or title is "energy efficient" OR "energy 


efficiency" or keywords is "energy efficient" OR "energy efficiency" or title is falls 


OR falling OR slip OR slips OR slipping or keywords is falls OR falling OR slip OR 


slips OR slipping or title is accident* OR injury OR injuries OR injured OR fracture* 


or keywords is accident* OR injury OR injuries OR injured OR fracture* or title is 


forecast* or keywords is forecast* 


6 


NB. Only 1 record was retrieved; the other 5 records were irrelevant 


 


Key: 


title  searches are restricted to the title field 


keywords searches are restricted to the keywords field 


*  truncation symbol 


"   "  phrase search  
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Trials Register of Promoting Health Interventions (TRoPHI) (EPPI-Centre database interface). 


Searched 3 October 2013. 


 


Freetext: "winter death*" OR "winter fatalit*" OR "winter mortalit*" OR "winter morbidit*" OR 


"winter illness*" OR "winter disease*" 0 


Freetext: "weather death*" OR "weather fatalit*" OR "weather mortalit*" OR "weather morbidit*" 


OR "weather illness*" OR "weather disease*" 0 


Freetext: "temperature* death*" OR "temperature* fatalit*" OR "temperature* mortalit*" OR 


"temperature* morbidit*" OR "temperature* illness*" OR "temperature* disease*"  0 


Freetext: "cold* death*" OR "cold* fatalit*" OR "cold* mortalit*" OR "cold* morbidit*" OR "cold* 


illness*" OR "cold* disease*"  0 


Freetext: (excess OR excessive OR severe OR severity OR exposure) AND (winter OR weather OR 


"temperature*" OR cold OR colder)  9 


Freetext: ("vulnerab*" or risk OR risks OR "suceptib*") AND (winter OR weather OR "temperature*" 


OR cold OR colder)  8 


Freetext: "season*" AND ("death*" OR "fatalit*" OR "mortalit*" OR "morbidit*" OR "risk*" OR 


"vulnerabl*" OR "suceptib*")  17 


Freetext: "fuel poverty" OR "winter fuel" OR "winter payment*" OR "cold payment*" OR "weather 


payment*"  0 


Freetext: (cold OR "freez*" OR frozen) AND (home OR homes OR house OR houses OR "household*" 


OR housing)  1 


Freetext: ("warm*" OR "heat*" OR "underheat*" OR "temperature*" OR "insulat*") AND (home OR 


homes OR house OR houses OR "household*" OR housing)  8 


Freetext: ("damp*" OR "mold*" OR "mould*") AND (home OR homes OR house OR houses OR 


"household*" OR housing)  2 


Freetext: "energy efficien*" OR "home energy" OR "Warm Front" OR "Warm Deal" OR "Green Deal" 


OR "Warm Zone" OR "Energy Company Obligation" OR "thermal comfort"  0 


Freetext: (falls OR falling OR slip OR slips OR slipping) AND (winter OR snow OR ice OR weather OR 


"season*")  2 


Freetext: ("accident*" OR injury OR injuries OR injured OR "fracture*" OR "trauma*") AND (winter 


OR snow OR ice OR weather OR "season*")  9 


Freetext: ("forecast*" OR "alert*" OR "warning*" OR "alarm*") AND (cold OR colder OR weather OR 


winter OR "met office" OR "meteorological office")  1 


Freetext: "health forecast*"  0 


1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16  44 


 


NB. Only 8 records were retrieved; the other 36 records were irrelevant 


 


Key: 


Freetext searches are restricted to the text fields (title, author and abstract) 


*  truncation symbol 


"   "  phrase search  


"  *"  ensures truncation search works 
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Database of Promoting Health Effectiveness Reviews (DoPHER) (EPPI-Centre database interface). 


Searched 3 October 2013. 


 


Freetext: "winter death*" OR "winter fatalit*" OR "winter mortalit*" OR "winter morbidit*" OR 


"winter illness*" OR "winter disease*"  0 


Freetext: "weather death*" OR "weather fatalit*" OR "weather mortalit*" OR "weather morbidit*" 


OR "weather illness*" OR "weather disease*" 0 


Freetext: "temperature* death*" OR "temperature* fatalit*" OR "temperature* mortalit*" OR 


"temperature* morbidit*" OR "temperature* illness*" OR "temperature* disease*"  0 


Freetext: "cold* death*" OR "cold* fatalit*" OR "cold* mortalit*" OR "cold* morbidit*" OR "cold* 


illness*" OR "cold* disease*"  0 


Freetext: (excess OR excessive OR severe OR severity OR exposure) AND (winter OR weather OR 


"temperature*" OR cold OR colder)  2 


Freetext: ("vulnerab*" or risk OR risks OR "suceptib*") AND (winter OR weather OR "temperature*" 


OR cold OR colder)  5 


Freetext: "season*" AND ("death*" OR "fatalit*" OR "mortalit*" OR "morbidit*" OR "risk*" OR 


"vulnerabl*" OR "suceptib*")  3 


Freetext: "fuel poverty" OR "winter fuel" OR "winter payment*" OR "cold payment*" OR "weather 


payment*"  0 


Freetext: (cold OR "freez*" OR frozen) AND (home OR homes OR house OR houses OR "household*" 


OR housing)  1 


Freetext: ("warm*" OR "heat*" OR "underheat*" OR "temperature*" OR "insulat*") AND (home OR 


homes OR house OR houses OR "household*" OR housing)  6 


Freetext: ("damp*" OR "mold*" OR "mould*") AND (home OR homes OR house OR houses OR 


"household*" OR housing)  2 


Freetext: "energy efficien*" OR "home energy" OR "Warm Front" OR "Warm Deal" OR "Green Deal" 


OR "Warm Zone" OR "Energy Company Obligation" OR "thermal comfort"  3 


Freetext: (falls OR falling OR slip OR slips OR slipping) AND (winter OR snow OR ice OR weather OR 


"season*")  0 


Freetext: ("accident*" OR injury OR injuries OR injured OR "fracture*" OR "trauma*") AND (winter 


OR snow OR ice OR weather OR "season*")  2 


Freetext: ("forecast*" OR "alert*" OR "warning*" OR "alarm*") AND (cold OR colder OR weather OR 


winter OR "met office" OR "meteorological office")  0 


Freetext: "health forecast*"  0 


1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16  14 


 


NB. Only 5 records were retrieved; the other 9 records were irrelevant 


 


Key: 


Freetext searches are restricted to the text fields (title, author and abstract) 


*  truncation symbol 


"   "  phrase search  


"  *"  ensures truncation search works 


 


OpenGrey (http://www.opengrey.eu/). Searched 3 October 2013. 
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("winter death*" OR "winter fatalit*" OR "winter mortalit*" OR "winter morbidit*" OR "winter 


illness*" OR "winter disease*" OR "fuel poverty" OR "winter fuel" OR "winter payment*" OR "cold 


payment*" OR "weather payment*" OR "cold home" OR "cold homes" OR "cold house" OR "cold 


houses" OR "cold household*" OR "cold housing" OR "warm* home" OR "warm* homes" OR 


"warm* house" OR "warm* houses" OR "warm* household*" OR "warm* housing" OR "heat* 


home" OR "heat* homes" OR "heat* house" OR "heat* houses" OR "heat* household*" OR "heat* 


housing" OR "Warm Zone" OR "Energy Company Obligation") 


 


Key: 


* truncation symbol 


"   " phrase search  


 


NHS Evidence  (https       evi e  e  hs     ). Searched 18 October 2013. 


 


Limited by ‘Types of information’: Drug/Medicines Management; Drug Costs; Commissioning Guides; 


Evidence Summaries; Grey literature; Guidelines; Health Technology Assessments; Policy and Service 


Development; Population Needs Assessment; Primary Research; Systematic Reviews - Not 


Population Intelligence; Patient Information 


 


"winter deaths" OR "winter death" 


"winter mortality" OR "winter morbidity" 


"fuel poverty" 


"weather payments" OR "weather payment" 


"cold homes" OR "cold house" OR "cold houses" OR "cold housing" 


"energy efficient homes" OR "energy efficient house" OR "energy efficient houses" OR "energy 


efficient housing" 


"home energy" OR "home insulation" 


"Warm Front" OR "Warm Deal" OR "Green Deal" OR "Warm Zone" OR "Energy Company Obligation" 


"winter fall" OR "winter falls" OR "winter accident" OR "winter accidents" 


"weather forecast" OR "weather forecasts" OR "weather forecasting" OR "weather alert" OR 


"weather alerts" 


"health forecast" OR "health forecasts" OR "health forecasting" 


 


Key: 


"   " phrase search  


 


RIBA Catalogue  (http://riba.sirsidynix.net.uk/uhtbin/webcat). Searched 15 October 2013. 


 


Advanced Search 


Keyword(s) 


 


winter ADJ death$ 


(winter OR temperature$ OR cold OR colder) AND mortalit$ 


(winter OR temperature$ OR cold OR colder) AND morbidit$ 
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(winter OR weather OR temperature$ OR cold OR colder) AND (vulnerab$ OR risk OR risks OR 


suceptib$) 


fuel ADJ poverty 


(cold OR freez$ OR frozen) ADJ (home OR homes OR house OR houses OR household$ OR housing)  


(warm$ OR heat$ OR underheat$ OR temperature$) (home OR homes OR house OR houses OR 


household$ OR housing)  


(damp$ OR humid$ OR mold$ OR mould$) ADJ (home OR homes OR house OR houses OR 


household$ OR housing) 


(energy ADJ efficien$) AND (home OR homes OR house OR houses OR household$ OR housing) 


(energy ADJ efficien$) AND (home OR homes OR house OR houses OR household$ OR housing) 


(home ADJ energy) AND (program$ OR assist$) 


 


1993 - 2013 


 


Key: 


ADJ     adjacent terms 


$ truncation symbol 


 


NYAM Grey Literature Report (http://www.greylit.org/). Searched 18 October 2013. 


 


Each line was searched separately 


 


winter death 


winter mortality 


winter morbidity 


fuel poverty 


weather payments 


weather payment 


cold homes 


cold house 


cold housing 


energy efficient home 


energy efficient house 


home energy 


home insulation 


winter falls 


winter accident 


weather forecast 


weather alert 


 


Scopus (Elsevier). 1823-2013/Oct. Searched 18 October 2013. 


 


Advanced search 


 







89 


 


((TITLE-ABS-KEY("Warm Front" OR "Warm Deal" OR "Green Deal" OR "Warm Zone" OR "Energy 


Company Obligation")) OR (TITLE-ABS-KEY("winter falls" OR "winter accident*" OR "winter injur*")) 


OR (TITLE-ABS-KEY("health forecast*")) OR ((TITLE-ABS-KEY("winter death" OR "winter fatalit*" OR 


"winter mortalit*" OR "winter morbidit*")) OR (TITLE-ABS-KEY(weather W/2 (death* OR fatalit* OR 


mortalit* OR morbidit*))) OR (TITLE-ABS-KEY("season* death" OR "season* fatalit*" OR "season* 


mortalit*" OR "season* morbidit*")) OR (TITLE-ABS-KEY((winter OR weather OR cold OR colder) W/2 


(vulnerab* OR risk OR risks OR suceptib*))) OR (TITLE-ABS-KEY("fuel poverty" OR "winter fuel" OR 


"winter payment*" OR "winter allowance*" OR "weather payment*" OR "weather allowance*")) OR 


(TITLE-ABS-KEY((cold OR freez* OR frozen) W/2 (home OR homes OR house OR houses OR 


household* OR housing))) OR (TITLE-ABS-KEY("energy efficien*" W/2 (home OR homes OR house OR 


houses OR household* OR housing))) OR (TITLE-ABS-KEY("home energy" W/2 (program* OR 


assist*))))) AND NOT ((ALL((rat OR rats OR mouse OR mice OR murine OR hamster OR hamsters OR 


animal OR animals OR dogs OR dog OR canine OR pig OR pigs OR cats OR bovine OR cow OR cattle 


OR sheep OR ovine OR porcine))) OR (ALL((monkey OR monkeys OR hen OR hens OR chicken OR 


chickens OR poultry OR rabbit OR rabbits OR fish OR fishes OR salmon OR bird OR birds OR insect OR 


insects))) OR (ALL((tree OR trees OR woodland OR forest OR forests OR plant OR plants OR leaf OR 


leaves OR soil OR agriculture OR agricultural OR agronomy OR crop OR crops OR grass OR grasses)))) 


AND (LIMIT-TO(PUBYEAR, 2014) OR LIMIT-TO(PUBYEAR, 2013) OR LIMIT-TO(PUBYEAR, 2012) OR 


LIMIT-TO(PUBYEAR, 2011) OR LIMIT-TO(PUBYEAR, 2010) OR LIMIT-TO(PUBYEAR, 2009) OR LIMIT-


TO(PUBYEAR, 2008) OR LIMIT-TO(PUBYEAR, 2007) OR LIMIT-TO(PUBYEAR, 2006) OR LIMIT-


TO(PUBYEAR, 2005) OR LIMIT-TO(PUBYEAR, 2004) OR LIMIT-TO(PUBYEAR, 2003) OR LIMIT-


TO(PUBYEAR, 2002) OR LIMIT-TO(PUBYEAR, 2001) OR LIMIT-TO(PUBYEAR, 2000) OR LIMIT-


TO(PUBYEAR, 1999) OR LIMIT-TO(PUBYEAR, 1998) OR LIMIT-TO(PUBYEAR, 1997) OR LIMIT-


TO(PUBYEAR, 1996) OR LIMIT-TO(PUBYEAR, 1995) OR LIMIT-TO(PUBYEAR, 1994) OR LIMIT-


TO(PUBYEAR, 1993)) AND (LIMIT-TO(LANGUAGE, "English")) AND (LIMIT-TO(SUBJAREA, "DECI") OR 


LIMIT-TO(SUBJAREA, "MEDI") OR LIMIT-TO(SUBJAREA, "ENVI") OR LIMIT-TO(SUBJAREA, "SOCI") OR 


LIMIT-TO(SUBJAREA, "BUSI") OR LIMIT-TO(SUBJAREA, "NURS") OR LIMIT-TO(SUBJAREA, "ECON") OR 


LIMIT-TO(SUBJAREA, "PSYC") OR LIMIT-TO(SUBJAREA, "HEAL") OR LIMIT-TO(SUBJAREA, "PHAR") OR 


LIMIT-TO(SUBJAREA, "DECI") OR LIMIT-TO(SUBJAREA, "MULT")) 


 


Key: 


SUBJAREA  Subject Areas 


TITLE-ABS-KEY   searches are restricted to the title, abstract and keyword fields 


W        searches for adjacent terms 


W/3   searches for terms within three words of each other 


*   truncation symbol 


"   "   phrase search 


 


Avery Index to Architectural Periodicals (ProQuest). 1934-2013/Oct. Searched 24 October 2013. 


 


TI,AB(winter NEAR/4 (death* OR fatality* OR mortality* OR morbidity* OR illness* OR disease*)) OR 


(TI,AB(winter NEAR/4 (death* OR fatality* OR mortality* OR morbidity* OR illness* OR disease*)) OR 


(TI,AB(weather NEAR/3 (death* OR fatality* OR mortality* OR morbidity* OR illness* OR disease*)) 


OR TI,AB(temperature* NEAR/3 (death* OR fatality* OR mortality* OR morbidity* OR illness* OR 


disease*)))) OR TI,AB((cold OR colder) NEAR/4 (spell* OR season* OR month* OR period* OR 
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condition* OR event*1 OR related OR excess OR excessive OR severe OR severity OR extreme)) OR 


TI,AB((excess OR excessive OR severe OR severity OR exposure) NEAR/3 winter) OR TI,AB(winter 


NEAR/4 (vulnerable* OR risk*1 OR suceptib*)) OR TI,AB(temperature* NEAR/3 (vulnerable* OR 


risk*1 OR suceptib*)) OR TI,AB(weather NEAR/3 (vulnerable* OR risk*1 OR suceptib*)) OR 


TI,AB((cold OR colder) NEAR/3 (vulnerable* OR risk*1 OR suceptib*)) OR TI,AB(season* NEAR/3 


(death* OR fatality* OR mortality* OR morbidity* OR risk*1 OR vulnerable* OR suceptib*)) OR 


TI,AB(fuel NEAR/3 (poverty OR poor OR afford OR affordable OR affordability OR tariff)) OR 


TI,AB(winter NEAR/3 fuel) OR TI,AB(winter NEAR/3 (payment* OR allowance* OR benefit* OR grant* 


OR voucher*)) OR TI,AB((cold OR weather) NEAR/3 (payment* OR allowance* OR benefit* OR grant* 


OR voucher*)) OR TI,AB((cold OR free* OR frozen) NEAR/3 (home OR homes OR house OR houses OR 


household* OR housing)) OR TI,AB((warm* OR heat* OR underseat* OR temperature*) NEAR/3 


(home OR homes OR house OR houses OR household* OR housing)) OR TI,AB((damp* OR humid* OR 


mold OR moldy OR mould OR mouldy OR condensation*) NEAR/3 (home OR homes OR house OR 


houses OR household* OR housing)) OR TI,AB((cold OR free* OR frozen) NEAR/3 (accommodation* 


OR rent OR rents OR rented OR tenancy OR tenancies OR dwelling*)) OR TI,AB((warm* OR heat* OR 


underseat* OR temperature*) NEAR/3 (accommodation* OR rent OR rents OR rented OR tenancy 


OR tenancies OR dwelling*)) OR TI,AB((damp* OR humid* OR mold OR moldy OR mould OR mouldy 


OR condensation*) NEAR/3 (accommodation* OR rent OR rents OR rented OR tenancy OR tenancies 


OR dwelling*)) OR TI,AB("energy efficien* home" OR "energy efficien* homes" OR "energy efficien* 


house" OR "energy efficien* houses" OR "energy efficien* household*" OR "energy efficien* 


housing") OR TI,AB("energy efficien* accommodation*" OR "energy efficien* rent" OR "energy 


efficien* rents" OR "energy efficien* rented" OR "energy efficien* tenancy*" OR "energy efficien* 


tenancies" OR "energy efficien* dwelling*" OR "energy efficien* domestic*") OR TI,AB("home energy 


program*" OR "home energy assist*") OR TI,AB("Warm Front" OR "Warm Deal" OR "Green Deal" OR 


"Warm Zone" OR "Energy Company Obligation") OR TI,AB("thermal comfort") OR TI,AB((falls OR 


falling) NEAR/3 (winter OR snow OR ice OR weather)) OR TI,AB((accident* OR injury OR injuries OR 


injured OR fracture* OR trauma*) NEAR/3 (winter OR snow OR ice OR weather)) OR TI,AB((grit OR 


gritted OR gritting OR gritter*) NEAR/3 (road* OR pavement* OR sidewalk* OR driveway* OR 


pathway* OR path*1)) OR TI,AB((forecast* OR alert* OR warning* OR alarm*) NEAR/3 (cold OR 


colder OR weather OR winter OR "met office" OR "meteorological office")) OR TI,AB("health 


forecast*") 


 


Key: 


TI,AB  searches are restricted to the title and abstract fields 


NEAR   searches for adjacent terms 


NEAR/3 searches for terms within three words of each other 


*  truncation symbol 


*1  truncation restricted to one character 


"  "  phrase search 


 


ICONDA International (Ovid). 1976-2013/Oct. Searched 25 October 2013. 


 


1 (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 3 


2 (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 2 







91 


 


3 (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or 


disease$)).ti,ab. 0 


4 ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. 246 


5 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. 2252 


6 4 and 5 0 


7 ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. 39 


8 (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 5 


9 (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 13 


10 (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 17 


11 ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 3 


12 (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. 7 


13 1 or 2 or 3 or 6 or 7 or 8 or 9 or 10 or 11 or 12 87 


14 ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. 116 


15 (winter adj3 fuel).ti,ab. 1 


16 (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. 4 


17 ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab.


 8 


18 ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. 46 


19 14 or 15 or 16 or 17 or 18 174 


20 ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. 36 


21 ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses 


or household$ or housing)).ti,ab. 396 


22 ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. 88 


23 ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. 2 


24 ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. 52 


25 ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or 


rents or rented or tenancy or tenancies or dwelling$)).ti,ab. 9 


26 (energy efficien$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab.


 294 


27 (energy efficien$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies 


or dwelling$ or domestic$)).ti,ab. 30 


28 (home energy adj2 (program$ or assist$)).ti,ab. 2 


29 (insulat$ adj2 (home or homes or house or houses or household$ or housing)).ti,ab. 103 


30 (insulat$ adj2 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. 35 


31 (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company 


Obligation).ti,ab. 12 
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32 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 1009 


33 ((falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather)).ti,ab. 15 


34 ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or 


ice or weather)).ti,ab. 34 


35 ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ 


or pathway$ or path$1)).ti,ab. 2 


36 33 or 34 or 35 51 


37 ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. 50 


38 health forecast$.ti,ab. 0 


39 37 or 38 50 


40 13 or 19 or 32 or 36 or 39 1353 


41 limit 40 to (english and yr="1993 -Current") 492 


 


Key: 


.ti,ab. searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


PsycEXTRA (Ovid). 1908-2013/Oct. Searched 25 October 2013. 


 


1 (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 3 


2 (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 4 


3 (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or 


disease$)).ti,ab. 2 


4 ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. 51 


5 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. 20625 


6 4 and 5 8 


7 ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. 3 


8 (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 3 


9 (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 2 


10 (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 7 


11 ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 5 


12 (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. 1 


13 or/1-3,6-12 33 


14 ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. 5 


15 (winter adj3 fuel).ti,ab. 0 


16 (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. 0 
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17 ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab.


 1 


18 ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. 3 


19 or/14-18 9 


20 ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. 0 


21 ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses 


or household$ or housing)).ti,ab. 14 


22 ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. 2 


23 ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. 0 


24 ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. 0 


25 ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or 


rents or rented or tenancy or tenancies or dwelling$)).ti,ab. 0 


26 (energy efficien$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab.


 0 


27 (energy efficien$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies 


or dwelling$ or domestic$)).ti,ab. 0 


28 (home energy adj2 (program$ or assist$)).ti,ab. 6 


29 (insulat$ adj2 (home or homes or house or houses or household$ or housing)).ti,ab. 0 


30 (insulat$ adj2 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. 0 


31 (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company 


Obligation).ti,ab. 0 


32 thermal comfort.ti,ab. 13 


33 or/20-32 34 


34 ((falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather)).ti,ab. 5 


35 ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or 


ice or weather)).ti,ab. 24 


36 ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ 


or pathway$ or path$1)).ti,ab. 0 


37 or/34-36 29 


38 ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. 28 


39 health forecast$.ti,ab. 0 


40 or/38-39 28 


41 13 or 19 or 33 or 37 or 40 126 


42 limit 41 to (english language and yr="1993 -Current") 93 


 


Key: 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 
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adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 
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Appendix 5: Evidence tables 


 


Evidence table 1. Quantitative studies on interventions 


Studies are sorted by year of publication (most recent first) and authors. 


Ref 
no. 


Study and 
reference 


Aim Study 
design 


Qual 
scores 


(++, + or -) 


Population 
and setting 


Methods of 
allocation 
(intervention/ 


control) 


Outcomes Methods of 
analysis 


Results Notes  


In
t 


Ex
t 


 Housing 
interventions 


          


2013 


1 Saeki K, Obayashi K, 
Iwamoto J, Tanaka Y, 
Tanaka N, Takata S, 
Kubo H, Okamoto N, 
Tomioka K, Nezu S, 
Kurumatani N. 
Influence of room 
heating on ambulatory 
blood pressure in 
winter: a randomised 
controlled study. J 
Epidemiol Community 
Health 2013; 67(6): 
484-90.


1
 


To 
determine 
whether 
intensive 
room 
heating in 
winter 
decreases 
ambulator
y BP as 
compared 
with weak 
room 
heating 


Parallel 
group, 
assessor 
blinded, 
simple 
RCT 


++ + Japan 
 
146 healthy 
participants 


Randomization: 
assessor 
blinded 


Ambulatory 
blood 
pressure 


Ambulatory BP 
measurements: 
- Morning BP 
systolic & 
diastolic 
- Morning 
systolic BP 
surge 
- Sleep-trough 
surge 
- Prewaking 
surge 
- Nighttime BP 
- Evening BP 
 


All results show mean (SD) 
unless otherwise indicated, 
followed by difference and 
95% CI 
 
Morning BP (mm Hg) 
Systolic 
Intensive room heating 
114.0 (11.6) 
Weak room heating 
121.1 (14.5) 
Difference (95% CI), p-value 
 −5.8 (−9.3 to −2.4),  <0.01 
 
Diastolic  
Intensive room heating 
72.6 (9.0)  
Weak room heating 
78.3 (11.3)  
Difference (95% CI), p-value 
−5.1 (−7.9 to −2.3) <0.01 
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Morning systolic BP surge 
(mm Hg) 
Sleep-trough surge 
Intensive room heating 
14.3 (8.7)  
Weak room heating 
21.9 (10.9)  
Difference (95% CI), p-value 
−7.2 (−10.5 to −3.9), <0.01 
 
Prewaking surge 
Intensive room heating 
9.7 (8.4) 
Weak room heating 
14.9 (9.6)  
−5.2 (−8.2 to −2.1) <0.01 
 
Night-time BP (mm Hg) 
Systolic  
Intensive room heating 
105.7 (10.1) 
Weak room heating 
105.9 (11.7) 
Difference (95% CI), p-value 
−0.3 (−3.5 to 2.8) 0.83 
 
Diastolic  
Intensive room heating 
62.1 (7.8) 
Weak room heating 
63.0 (7.7) 
Difference (95% CI), p-value 
−1.1 (−3.3 to 1.1), 0.31 
 
Evening BP (mm Hg) 
Systolic  
Intensive room heating 
118.6 (12.9)  
Weak room heating 
124.5 (14.9) 
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Difference (95% CI), p-value 
−5.1 (−8.9 to −1.3), 0.01 
 
Diastolic  
Intensive room heating 
72.9 (10.4) 
Weak room heating 
78.0 (10.2) 
Difference (95% CI), p-value 
−4.5 (−7.4 to −1.6) <0.01 
 
Author conclusions: 
intensive room heating (in 
winter) decreases morning 
blood pressure and the 
morning blood pressure 
surge 


2012 


15 Gilbertson J, Grimsley 
M, Green G. 
Psychosocial routes 
from housing 
investment to health: 
Evidence from 
England's home energy 
efficiency scheme. 
Energy Policy 2012; 49: 
122-33.


15
 


To utilise 
quantitati
ve data 
from the 
Warm 
Front 
evaluation 
model to 
elaborate 
psychosoc
ial 
pathways 
to health 
and to 
gauge the 
relative 
impact of 
improved 
living 
conditions 
compared 
with the 


Before 
and after 
survey, 
with 
controlled 
cross-
sectional 
compariso
ns. 


+ + 2,685 low income 
householders in 
3,489 dwellings 
participating in 
the Warm Front 
Scheme in five 
urban areas of 
England 
(Birmingham, 
Liverpool, 
Manchester, 
Newcastle, 
Southampton). 


Warm Front 
Scheme 
provided grants 
of up to £2,500 
for improving 
home insulation 
and heating 
systems 
between 2001 
and 2005. 
 
The pre-
intervention 
phase of 
observation in 
those scheduled 
for 
improvement 
served as 
controls for 
those who had 
already 


Indoor 
temperature 
and humidity, 
a household 
questionnaire 
and a 
household 
diary. 
 
Main health 
outcomes 
were self 
reported 
health and 
well-being 
measures 
using GHQ-12, 
EQ-5D and SF-
36. 


Pathways to self 
reported health 
modelled by 
logistic 
regression. 


Of all the dimensions of 
health examined, only self 
reported mental health 
(GHQ-12 score 4 or more) 
was directly associated with 
the Warm Front measures:  
 
Insulation only AOR=0.64 
(95% CI 0.46-0.89); Heating 
only AOR=0.78 (95% CI 
0.57-1.07); Heating and 
insulation AOR=0.65 (95% 
CI 0.50-0.86).  
 
Intermediary variables 
higher temperatures, 
satisfaction with the 
heating system, greater 
thermal comfort, 
reductions in fuel poverty 
and lower stress were also 
significantly correlated with 


 







102 


 


alleviation 
of fuel 
poverty. 


undergone WF 
improvement. 
 
First wave of 
surveys 
conducted 
during winter 
2001/02 and 
second wave in 
winter 2002/03 
(after 
improvements). 


improved health.  
 
Alleviating fuel poverty and 
reducing stress appeared to 
be the main routes to 
health. 


2011 


2 Woodfine L, Neal RD, 
Bruce N, Edwards RT, 
Linck P, Mullock L, 
Nelhans N, Pasterfield 
D, Russell D, Russell I. 
Enhancing ventilation in 
homes of children with 
asthma: pragmatic 
randomised controlled 
trial. Br J Gen Pract 
2011; 61(592): e724-
32.


2
 


To 
evaluate 
the 
effectiven
ess of 
installing 
ventilatio
n systems, 
and 
central 
heating 
where 
necessary, 
in the 
homes of 
children 
with 
moderate 
or severe 
asthma 


Pragmatic 
randomiz
ed 
controlled 
trial 
 
Researche
rs were 
blind to 
allocation. 


++ ++ Wrexham County 
Borough, Wales, 
UK.  Households 
with asthmatic 
child 


(Individual) 
randomization 
to either 
immediate or 
delayed 
intervention 


Parent- 
completed 
asthma-
specific 
module of 
PedsQL, a 
validated QoL 
measure in 
children 
(three 
dimensions): 
Overall 
asthma, 
physical 
health and 
psychosocial 
scale. 
 
Absence from 
school. 
 
 


Intention-to-
treat, with 
multivariable 
adjustment for 
baseline 
differences.  
 
Imputation 
used for missing 
data, with 
sensitivity 
analyses.  
 
Analyses 
reported here 
related to the 
subgroup with 
heating + 
ventilation 
inte4rvention 
(not ventilation 
alone) 


PedsQL summary scores 
12months after 
randomization 
for ventilation and central 
heating (n = 19 + 19) 
 
Mean difference in  
PedsQL adjusted for 
baseline (95% CI) 
Overall asthma scale 
 9.3 (–1.9, 20.6) 
Physical scale 
 10.3 (–1.7, 22.4) 
Overall psychosocial scale 
 0.6 (–10.1, 11.3) 
 
Author conclusions: 
tailored improvement of 
the housing of children with 
moderate to severe asthma 
significantly increases 
parent-reported asthma-
related quality of life and 
reduces physical problems. 
Collaborative housing 
initiatives have potential to 
improve health. 
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3 Heyman B, Harrington 
B, Heyman A. A 
Randomised Controlled 
Trial of an Energy 
Efficiency Intervention 
for Families Living in 
Fuel Poverty. Housing 
Studies 2011; 26(1): 
117-32.


3
 


To 
measure 
the 
impact of 
fuel 
efficiency 
interventi
ons on 
room 
temperat
ure, fuel 
expenditu
re, 
satisfactio
n with 
home 
warmth 
and a 
range of 
health 
indicators 
for 
household
s living in 
full or 
marginal 
fuel 
poverty. 


Pragmatic 
randomiz
ed 
controlled 
trial with 
partial 
crossover. 


+ + Households in 
north east 
England.  
 
Intervention and 
control groups 
matched on fuel 
poverty 
(measured by the 
estimated 
proportion of 
disposable 
household 
income spent on 
fuel), housing 
tenure, age, 
presence of 
longstanding 
health problems 
in the household. 


Households 
assessed as 
living in full or 
marginal fuel 
poverty were 
randomised 
during year one 
into 
intervention 
and control 
groups.  
 
Intervention 
group (129) 
received an 
energy 
efficiency 
(heating and 
insulation) 
intervention 
package in year 
three (tailored 
to the needs of 
each 
household). 
 
Control group 
(108) received 
an energy 
efficiency 
intervention 
package in year 
four.  
 
Packages were 
worth an 
average of £727 
(range £0–
3335), and 
included loft 


Health of 
respondent 
and other 
household 
members 
assessed in a 
variety of 
ways (all of 
which relied 
on 
respondent 
answers to 
survey 
questions). 
 
Simple 
questions 
used to 
determine 
health of 
household 
and changes 
in health due 
to 
intervention. 
 
Checklists 
used to 
identify 
symptoms 
experienced 
over recent 
months.  
 
Standardised 
questionnaire
s (Mastery 
Scale and 
SF36) used to 
measure self-


Four-year 
period starting 
in 2000/2001 
(though 
different 
intervention 
times for 
intervention 
and control 
groups). 


The intervention improved 
SAP ratings by 12 points, 
generating room 
temperature increases of 
about one degree Celsius.  
 
Families did not respond to 
energy efficiency gains by 
reducing their heating 
expenditure.  
 
The intervention generated 
improvements in 
satisfaction with household 
warmth. 
 
Intervention receipt was 
not associated with gains in 
self-reported health.  
 
There was modest 
correlation between room 
temperatures and better 
social functioning, as 
measured by the SF36. 


High attrition rate 
(only 60% 
completed). 







104 


 


insulation 
(54%), cavity 
wall insulation 
(53%), draught 
exclusion (29%) 
heating controls 
(20%), central 
heating (13%) 
and other 
measures as 
required. 


reported 
health. 


8 Howden-Chapman P, 
Crane J, Chapman R, 
Fougere G. Improving 
health and energy 
efficiency through 
community-based 
housing interventions. 
Int J Public Health 2011; 
56(6): 583-8.


8
 


To find 
cost-
effective 
ways to 
improve 
the 
characteri
stics of 
older 
homes, ill-
fitted for 
New 
Zealand’s 
climate, in 
order to 
improve 
the 
occupants
’ health 


Two 
communit
y single-
blinded 
randomis
ed trials. 


++ ++ 1) 4,407 people in 
1,350 homes in 
seven 
communities in 
New Zealand built 
before insulation 
was required in 
which there was 
at least one 
occupant with a 
chronic 
respiratory 
condition. 
 
2) 409 households 
in five 
communities in 
New Zealand in 
which there was a 
6 to 12 year old 
child with doctor-
diagnosed 
asthma, living in a 
household where 
the main form of 
heating was a 
plug-in electric 
heater or an 
unflued gas 


1) Retrofitted 
insulation. 
Intervention 
group received 
retrofitted 
insulation 
before the first 
winter. 
 
2) More 
effective 
heating. Low 
emission 
heaters capable 
of generating at 
least 6 kW 
thermal output 
were installed 
in the 
intervention 
group before 
the beginning of 
the follow-up 
winter period 
2006. 


1) Self-report 
measures as 
well as 
independent 
measures of 
outcome for 
the winter 
months were 
obtained 
wherever 
possible, 
including 
general 
practitioner 
visits and 
power bills. 
 
2) Households 
collected a 
broad range 
of data, 
supplemented 
by 
independent 
hourly 
measures of 
temperature 
and relative 
humidity, as 


 1) In intervention group, 
there was 
a small increase in 
bedroom temperatures 
during the winter 
(0.5°C) and decreased 
relative humidity (-2.3%). 
Bedroom temperatures 
were below 10°C for 1.7 
fewer hours each day in 
insulated homes than in 
uninsulated ones. 
 
These changes 
were associated with 
reduced odds of having 
fair or poor self-rated 
health 
(AOR 0.50, 95% CI 0.38–
0.68), self reports of 
wheezing in the past 3 
months 
(AOR 0.57, 95% CI 0.47–
0.70), self reports of 
children taking a day off 
school (AOR 0.49, 95% CI 
0.31–0.80), and self reports 
of adults taking a day off 
work (AOR 0.62, 95% CI 
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heater. well as 
measures of 
NO2.  
 
Children kept 
daily diaries 
with twice-
daily 
recordings of 
lung function 
(PEFR and 
FEV1), 
respiratory 
symptoms 
and 
medication.  
 
Independent 
measures of 
outcome for 
the winter 
months 
included 
records of 
school 
attendance. 


0.46–0.83).  
 
Visits to general 
practitioners were less 
often reported by 
occupants of insulated 
homes (AOR 0.73, 95% CI 
0.62–0.87).  
 
Hospital admissions for 
respiratory conditions were 
also reduced (AOR 0.53, 
95% CI 0.22–1.29), but this 
reduction was not 
statistically significant (p = 
0.16). 
 
2) Indoor 
temperatures increased by 
1.1°C in the living room 
(p<0.001) and 0.53°C in the 
bedroom  
(p = 0.002). Exposure to low 
temperatures 
was ~50% less in 
intervention 
compared to control group 
in  living room 
(p<0.001) and bedroom 
(p<0.001). 
 
Parents in the intervention 
group reported less poor 
health (AOR 0.44; 95% CI 
0.28–0.70, p<0.001) and 
lower levels of asthma 
symptoms. Sleep 
disturbance by wheeze 
(AOR O.51; 95% CI 0.32–
0.81, p=0.005) and dry 
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cough (AOR 0.50; 95%CI 
0.31–0.82, p=0.01) were 
also reduced. 
 
Diaries showed reduced 
lower 
respiratory symptoms 
(p=0.01), less coughing at 
night 
(p=0.003) and reliever use 
in the morning (p 0.05). 
Independent school records 
showed children in the 
intervention group had 1.8 
days less of school during 
the 50 days of the winter 
term (95% CI 0.11–3.13; 
p=0.04); fewer visits to GP 
(0.13, 95% CI 0.05–0.20, 
p=0.005); and to 
pharmacists (AOR 0.06, 
95% CI 0.03–0.07, p=0.007). 
Mãori (15% of the New 
Zealand population) 
deliberately oversampled. 


4 Jackson G, Thornley S, 
Woolston J, Papa D, 
Bernacchi A, Moore T. 
Reduced acute 
hospitalisation with the 
healthy housing 
programme. J Epidemiol 
Community Health 
2011; 65(7): 588-93.


4
 


To 
investigat
e the 
impact of 
the 
Healthy 
Housing 
Programm
e in 
reducing 
acute 
hospitalis
ations in 
South 
Auckland, 


Before 
and after 
evaluation 
 
(within-
person, 
crossover 
design) 


+ ++ 9,736 residents of 
3,410 homes in 
suburbs of 
Mangere, 
Manurewa or 
Otara in South 
Auckland, New 
Zealand from 
September 2001 
to December 
2007.  
 
All lived in areas 
of relative 
deprivation and 


Housing 
modifications to 
reduce 
overcrowding, 
insulation and 
ventilation 
improvements.  
 
Participants in 
the programme 
were 
considered 
cases following 
their house’s 
intervention 


Analysis of 
routinely 
collected 
data.  
 
Main 
outcome 
measure was 
acute 
hospitalisatio
n rates 
before, during 
and after the 
intervention 
using hospital 


Cox 
proportional 
hazard model 
with estimates 
of crude and 
adjusted hazard 
ratios. 


In the post-intervention 
group  compared with the 
control group, hazard ratios 
(HR) were: 
 
0-4 years  
   0.89 (95% CI 0.79, 0.99) 
5-34 years 
   0.77 (95% CI 0.70, 0.85) 
35 years+ 
   1.04 (95% CI 0.95, 1.15) 
 
When the causes of 
hospitalisation were 
restricted to those related 
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New 
Zealand. 


almost all self-
identified as 
Pacific ethnic 
group. 


and 
counterfactuals
/controls prior 
to the 
intervention. 


data gathered 
from July 
1999 to 
January 2009.  
 
Also a subset 
of 'housing 
related' 
outcomes 
(e.g. 
respiratory 
hospitalisatio
ns) 
determined 
by expert 
opinion. 


to housing, HRs were: 
 
0 to 4 years 
   0.88 (95% CI 0.74, 1.05)  
5-34 years 
   0.73 (95% CI 0.58, 0.91)  
35 years+ 
   1.31 (95% CI 1.09, 1.56).  
 
Authors conclude that a 
package of care that 
addresses housing 
conditions that impact on 
health and improves access 
to health and social services 
is associated with a 
reduced acute 
hospitalisation rate for 0-34 
year olds. 


2010 


10 Free S, Howden-
Chapman P, Pierse N, 
Viggers H, Housing H, 
Health Study Research 
T. More effective home 
heating reduces school 
absences for children 
with asthma. J 
Epidemiol Community 
Health 2010; 64(5): 
379-86.


10
 


To 
determine 
whether 
more 
effective 
home 
heating 
affects 
school 
absence 
for 
children 
with 
asthma. 


Single-
blinded 
randomis
ed 
controlled 
trial. 


++ ++ New Zealand. 409 
households 
containing an 
asthmatic child 
aged 6-12 years, 
where the 
previous heating 
was an open fire, 
plug-in electric 
heater or unflued 
gas heater. 
 
Complete data 
obtained for 269 
out of 409 
children. 


Installation of a 
more effective 
heater of at 
least 6 kW 
before the 
winter of 2006 
in half the 
houses.  
 
Intervention 
group n=200 at 
baseline.  
 
Control group 
n=209 at 
baseline. 


Term-by-term 
school 
absence for 
2006 and 
previous 
years (where 
available). 


Generalised 
linear models 
(including most 
important 
confounders 
and the quasi-
Poisson link 
function). 


Compared with the control 
group, children in 
households receiving the 
intervention experienced 
on average 21% (p=0.02) 
fewer days of absence after 
allowing for the effects of 
other factors.  
 
Children in the intervention 
group had a statistically 
significant reduction in the 
number of days absent 
(effect ratio 0.79, CI 0.66 to 
0.96).  
 
Children of Pacific Island 
ethnicity (effect ratio 1.24, 
CI 1.00 to 1.55), children 
from low-income 


Author-noted 
limitations: Study 
had more low-
income 
households than 
population and 
more 
Maori/Pacific 
Island 
households.  
 
No information 
on mechanism by 
which 
intervention 
affected school 
absence.  
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households (effect ratio 
1.39, CI 1.12 to 1.72) and 
children from households 
were there was smoking 
inside (effect ratio 1.29, CI 
1.04 to 1.59) had 
significantly more days off 
school.  
 
There was no significant 
difference for children of 
Maori ethnicity, or by sex, 
parental history of asthma, 
or type of school. 


11 Osman LM, Ayres JG, 
Garden C, Reglitz K, 
Lyon J, Douglas JG. A 
randomised trial of 
home energy efficiency 
improvement in the 
homes of elderly COPD 
patients. Eur Respir J. 
2010; 35(2): 303-9.


11
  


To 
determine 
whether 
improving 
home 
energy 
efficiency 
improves 
health-
related 
quality of 
life in 
COPD 
patients. 


Randomis
ed trial. 


+ ++ Aberdeen, UK. 
178 patients in 
with a previous 
hospital 
admission for 
chronic 
obstructive 
pulmonary 
disease (COPD). 


118 patients 
were 
randomised, 60 
agreed to 
monitoring 
only. 
 
Energy 
efficiency 
upgrading was 
carried out in 
42% of homes 
randomised to 
intervention.  
 
Independent 
energy 
efficiency action 
was taken by 
15% of control 
participants and 
18% in the 
monitoring 
group. 


Respiratory 
and general 
health status.  
 
Home energy 
efficiency.  
 
Hospital 
admissions. 


(i) Intention-to-
treat analysis 
and (ii) 
pragmatic 
analysis by 
individual 
action.  
 
Multiple 
regression 
analysis (or 
ANCOVA) used 
for main 
analysis. 


No difference in outcomes 
between the intervention 
and control groups. 
 
In 45 patients, who had 
energy efficiency action 
independent of original 
randomisation, there were: 
improvements in 
respiratory symptom 
scores: adjusted mean 9.0, 
(2.5, 15.5); decreases in 
estimated annual fuel 
costs: -£65.3 (-£1.9, -£98.7); 
improved home energy 
efficiency rating: 1.1 (0, 
1.4).  
 
COPD patients are unlikely 
to take up home energy 
efficiency upgrading, if 
offered.  
 
Secondary "pragmatic" 
analysis suggests that those 
who do take action may 


A sample size of 
140 was 
calculated as 
necessary for 80% 
power at α=0.05 
to detect a 4-
point difference 
in SGRQ means 
between groups 
in the randomised 
trial, a difference 
regarded as 
clinically 
significant. 
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achieve clinically significant 
improvement in respiratory 
health, which is not 
associated with an increase 
in indoor warmth. 


2009 


17 Walker J, Mitchell R, 
Petticrew M, Platt S. 
The effects on health of 
a publicly funded 
domestic heating 
programme: a 
prospective controlled 
study. J Epidemiol 
Community Health 
2009; 63(1): 12-7. 


To assess 
the effect 
of a 
publicly 
funded 
domestic 
heating 
programm
e on self-
reported 
health. 


Prospectiv
e 
controlled 
study. 


+ ++ 1,281 households 
in Scotland 
receiving new 
central heating 
under a publicly 
funded initiative.  
 
1,084 comparison 
households not 
receiving new 
heating. 


Comparison 
group matched 
to heating 
recipients by 
tenure, 
household 
composition, 
socioeconomic 
group and 
location. 
 
Initial wave of 
interviews 
conducted 
between 
November 2002 
and February 
2004. 
 
Final interviews 
held between 
December 2004 
and March 
2006. 
 
Usable data 
obtained from 
61.4% of 3,849 
respondents. 


Self-reported 
diagnosis of 
asthma, 
bronchitis, 
eczema, nasal 
allergy, heart 
disease, 
circulatory 
problems or 
high blood 
pressure.  
 
Number of 
primary care 
encounters 
and hospital 
contacts 
in the past 
year.  
 
SF-36 Health 
Survey scores. 


2-year period 
between first 
and final 
interviews.  
 
Continuous 
outcomes 
analysed via 
analysis of 
covariance 
(ANCOVA).  
 
Outcomes 
representing 
counts 
modelled via 
Poisson 
regression. 


Heating recipients reported 
higher scores on the SF-36 
Physical Functioning scale 
(difference 2.51; 95% CI 
0.67 to 4.37) and General 
Health scale (difference 
2.57; 95% CI 0.90 to 4.34).  
 
They were less likely to 
report having received a 
first diagnosis of heart 
disease (OR 0.69; 95% CI 
0.52 to 0.91) or high blood 
pressure (OR 0.77; 95% CI 
0.61 to 0.97). 
 
Covariate-adjusted 
associations between 
‘‘treatment group’’ 
membership (heating 
recipient vs comparison 
group household) also 
indicated no clear 
difference in ‘ever 
diagnosed with asthma’  OR 
0.92 (0.63 to 1.34)  or 
whether respondent has 
ever been diagnosed with 
bronchitis OR 1.29 (0.97 to 
1.72). 
 
The groups did not differ 
significantly in use of 
primary care or hospital 


Small observed 
effects (though 
statistically 
significant).  
 
Author identified 
limitations: 
Imprecise 
estimation of the 
‘‘true’’ effects of 
the intervention 
(due to dilution of 
distinction 
between 
‘treatment’ 
groups).  
 
Large number of 
tested outcomes 
(increased 
probability of a 
spuriously 
significant result 
due to random 
chance). 
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services. 
 
 


7 Chapman R, Howden-
Chapman P, Viggers H, 
O'Dea D, Kennedy M. 
Retrofitting houses with 
insulation: a cost-
benefit analysis of a 
randomised community 
trial. J Epidemiol 
Community Health 
2009; 63(4): 271-7. 


To value 
the 
health, 
energy 
and 
environm
ental 
benefits 
of 
retrofittin
g 
insulation, 
through 
assessing 
a number 
of forms 
of 
possible 
benefit. 


Cluster 
randomis
ed 
controlled 
trial. 


++ ++ 1350 houses, in 
which at least one 
person had 
symptoms of 
respiratory 
disease, in 
predominantly 
low-income 
communities in 
New Zealand. 


Retrofitting 
insulation in 
predominantly 
low-income 
communities. 
 
1,350 
households 
(4,407 people) 
randomised 
within 
communities to 
receive 
retrofitted 
insulation 
during or after 
the study. 
 
Intervention 
group n=1,390.  
 
Control group 
n=1,346.  
 
85% household 
retention rate 
and 75% 
individual 
retention rate. 


Self-reported 
measures of 
health, 
comfort and 
wellbeing and 
primary care 
(GP) visits, 
and days off 
school and 
work.  
 
Independent 
measures of 
temperature, 
relative 
humidity, 
mould 
(speciation 
and mass), 
endotoxin, β-
glucans, 
house dust 
mite 
allergens, GP 
and hospital 
visits. 


Study 
performed over 
2 years (2000-
2001).  
 
Baseline data 
were collected 
over the first 
winter.  
 
Analysis based 
on ‘intention to 
treat. 


Almost all differences 
between the intervention 
and control groups on 
measured outcome 
variables were statistically 
significant.  
 
Proportional change in GP 
visit rate (per 1000 
respondents): +48.  
 
Net change in 
hospitalisation rate (per 
1000):  
children (<19): -7.5 
inpatient nights, 4.9 
outpatient admissions. 
adults (19-64): 0  
inpatient nights, 0 
outpatient admissions; 
older people (65+): 100.3 
inpatient nights, 5.4 
outpatient admissions.  
 
Reduction in rate of days 
off school (days off per 
1000 children): 
children (6-11): 512;  
teenagers (12-18): 1316.  
 
Reduction in rate of days 
off work (days off per 1000 
adults): adults (19-64): 102 


Heterogeneity in 
delivery of 
intervention 
(about 90% of 
households 
received around 
80% or more of 
the intervention).  
 
Discrepancy 
between self-
reports of visits to 
GPs and visits 
recorded by the 
stated household 
GP. 


2008 


5 Braubach M, Heinen D, 
Dame J. Preliminary 
Results of the WHO 


To assess 
the 
impact of 


Before 
and after 
controlled 


-/+ + 131 insulated and 
104 non-insulated 
dwellings (with 


Health-
monitoring 
project 


Environmenta
l: indoor 
temperature 


Bivariate 
statistics only 
(preliminary 


Thermal insulation had a 
strongly positive impact on 
thermal conditions and 


Limited analysis 
(no formal 
statistical 
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Frankfurt Housing 
Intervention Project 
Copenhagen: World 
Health Organization, 
2008.


5
 


thermal 
insulation 
changes 
on indoor 
environm
ents, and 
evaluate 
potential 
effects on 
residents’ 
health. 


trial 
(prelimina
ry results) 


220 and 155 
residents, 
respectively) in 
Frankfurt, 
Germany. 


implemented by 
the WHO's 
Housing and 
Health 
Programme in 
cooperation 
with a large 
housing agency.  
 
The project 
performed 
health surveys 
and collected 
environmental 
data (e.g. 
indoor 
temperatures 
and humidity) in 
spring 2006 
before 
renovation 
work, and re-
contacted all 
households in 
spring 2007 
after renovation 
was carried out.  
 
A control group 
without 
interventions 
was used to 
identify changes 
caused by 
building 
rehabilitation.  
 
Renovation 
included new 
energy-efficient 


and relative 
humidity (wall 
and air), 
noise, visible 
mould, 
hygrothermal 
conditions.  
 
Self-reported 
health 
outcomes: 
general health 
status, 
depression 
symptoms, 
acute 
respiratory 
illnesses. 


analysis). thermal comfort as 
perceived by the residents, 
and decreased relative 
humidity in renovated 
dwellings.  
 
Results for direct effects on 
the occurrence of mould in 
renovated dwellings were 
weak, but indicated the 
major role of humidity 
levels and air exchange for 
adequate indoor climate.  
 
Direct associations of 
thermal insulation with 
health effects were also 
weak and limited to smaller 
prevalence differences of 
respiratory diseases and 
cold.  
 
Additional effects of the 
refurbishment were 
increased satisfaction and 
living conditions as 
perceived by residents, and 
a clear reduction of noise 
exposure. 


methods).  
 
Uncommonly low 
(external) 
temperatures 
were experienced 
during baseline 
survey phase and 
much higher 
temperatures 
during follow up 
survey.  
 
Authors highlight 
need for 
refurbishment to 
be carried out 
professionally and 
to consider the 
need for 
adequate air 
exchange.  
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glazing, 
increased 
insulation, and 
new heating 
systems. 


16 El Ansari W, El-Silimy S. 
Are fuel poverty 
reduction schemes 
associated with 
decreased excess 
winter mortality in 
elders? A case study 
from London, U.K. 
Chronic Illn 2008; 4(4): 
289-94. 


To 
determine 
if the LB 
of 
Newham’s 
fuel 
poverty 
reduction 
scheme 
was 
associated 
with 
decreased 
excess 
winter 
mortality 
in people 
aged >=65 
years. 


Before-
after 
compariso
n of EWM 
in people 
aged >=65 
years in 
Newham 
with that 
in the rest 
of 
London.  
 
Based on 
data 
covering 
the period 
of the 
Newham 
Warm 
Zone 
project. 


+ + The London 
Borough of 
Newham, London 
which piloted the 
Warm Zone 
scheme (a 
government-led 
fuel poverty 
reduction 
scheme) assessed 
in this study. 


Retrospective 
analysis of 
winter mortality 
data for 
Newham, 
compared with 
data for the 
whole of 
London. 


Excess winter 
mortality. 


Comparison of 
the yearly EWM 
indices for 
people aged 
>=65 years for 
all of London, 
and for 
Newham over 
12 years (1993-
2005). 


No clear evidence of the 
effect of the Warm Zone on 
EWM.  
 
Authors noted: “Those in 
privately owned housing 
might be ‘masked' 
(underestimated) in their 
vulnerability to fuel 
poverty.“ 


Author noted 
limitations: (i) 
Sample size, (ii) 
whether other 
fuel poverty 
reduction 
schemes were 
simultaneously in 
operation 
elsewhere in 
London, (iii) 
difficulties of the 
measurement and 
interpretation of 
health impact 
relating to fuel 
poverty. 


12 
13 
 


Green G, Gilbertson J. 
Warm front, better 
health: health impact 
evaluation of the Warm 
Front scheme: Centre 
for Regional Economic 
and Social Research, 
Sheffield Hallam 
University, Sheffield; 


2008. 12
 


 
which summarizes 
 


To 
determine 
the effect 
of the 
Warm 
Front 
home 
energy 
efficiency 
scheme 
on health 
& health-
related 


Controlled 
before-
and-after 
compariso
n of a 
natural 
experime
nt 
interventi
on. 


+ + Survey of 
dwellings/househ
olds participating 
in the original 
Warm Front 
programme in 
five areas 
(Birmingham, 
Liverpool, 
Manchester, 
Newcastle, 
Southampton). 


First wave 
surveys in the 
winter of 
2001/02, 
second wave in 
the winter of 
2002/03. 
 
For each winter 
the aim was to 
target surveys 
at dwellings 
before Warm 


Indoor 
temperatures 
and relative 
humidity;  
 
energy use;  
 
health status; 
 
quality of life 
(Short-Form 
36, General 
Health 


 Temperatures 
Living room, daytime (deg 
C) 


Pre-intervention 0 


Insulation only 0.73 


(0.11,1.35) 


Heating only:  1.58 (0.99, 


2.18) 


Heating + insulation:   1.67 


(1.17, 2.17) 


 


Bedroom, night-time (Deg 
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Warm Front Study 
Group. Summary of 
papers. London: DEFRA, 
2006.


13
 


 


exposures
. 


Front 
improvement 
and at dwellings 
after such 
improvement. 


Questionnaire 
EuroQol 5D); 
 
modelled 
cold- and 
winter-related 
changes in 
mortality;  
 
dwelling air 
infiltration/air 
quality  
characteristics
; 
 
in-depth 
interviews 
with a 
household 
member in 
subsample of 
49 dwellings 


C) 


Pre-intervention 0 


Insulation only 1.31 


(0.65,1.97) 


Heating only:  2.46 (1.82, 


3.10) 


Heating + insulation:   2.75 


(2.21, 3.28) 
 
Warm Front improvements 
increased temperatures 
most in the coldest 
dwellings (an increase of 
approximately 2.5 degrees 
Celsius in the coldest 
dwellings c.f. one degree 
Celsius in warmer 
dwellings). 
 
Appreciable beneficial 
changes were seen in 
'normalized' estimates of 
relative humidity - lower by 
around 3 to 7 percent in 
post heating-improvement 
dwellings. 
 
Satisfaction with heating 
• A substantially 
greater proportion of post-
intervention householders 
were fairly or very satisfied 
with the heating system, 
and they reported less 
difficulty paying bills, and 
with draughts and damp in 
the home. 
 
Quality of Life 
• No clear evidence of 
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improvement in terms of 
SF36 or EQ5D 
questionnaire scores. 
• Proportion of 
respondents with adverse 
(4+) scores on the GHQ-12 
was appreciably lower 
among respondents from 
post-intervention 
properties. 
 
OR for GHQ-12 score of 4+ 


Pre-intervention 1.0 


Insulation only 0.36 (0.20, 


0.68) 


Heating only:   0.51 (0.29, 


0.88) 


Heating + insulation:    0.44 


(0.28, 0.71) 
(p=0.004 for trend) 
 
Or with standardized living 
room temp.  


<16 1.0 


16- 0.91 (0.53, 1.54) 


18- 0.62 (0.37, 1.03) 


20- 0.63 (0.37, 1.08) 


22- 0.38 (0.19, 0.74) 
(p=0.009 for trend) 
 
 
Or with standardized 
bedroom temp.  


<15 1.0 


15- 0.72 (0.45, 1.14) 


17- 0.71 (0.44, 1.15) 


19- 0.50 (0.29, 0.85) 


21- 0.37 (0.18, 0.76) 
(p=0.001 for trend) 
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Health and health care 
utilization 
• No convincing evidence of 
impact on symptoms of 
medical illness and health 
care utilization. 
 
Mortality and hospital 
admission 
• If vulnerability in relation 
to cardiovascular death can 
be reversed by increasing 
indoor temperatures, 
Warm Front heating 
improvements are 
estimated to reduce the 
risk of excess winter death 
by around 8 to 12% in 
improved homes 
(equivalent to a gain in life 
expectancy of around 0.3 
month for a man aged 65 
years and 0.2 month for a 
woman of 65 years). 
 
Air infiltration and energy 
use 
• Fan pressure tests 
showed that Warm Front 
improvements had little 
effect on ventilation.  The 
average infiltration rate of 
the post-intervention 
dwellings was marginally 
lower (by 3%) compared to 
the pre-intervention 
dwellings, while before-
after comparisons showed 
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an average increase of 13% 
in the air infiltration rate 
following the installation of 
a central heating system. 
 
• Warm Front energy 
efficiency improvements 
appear to have little effect 
on space heating fuel 
consumption, even though 
theoretical considerations 
suggest that there should 
be significant savings.  This 
discrepancy is likely to be 
due to a number of factors, 
including the incomplete 
insulation of the properties. 
 
Cost-benefit 
• See economic assessment 
section. [The results 
suggest that temperature-
related improvement in 
life-expectancy achieved by 
Warm Front interventions 
are cost-effective when 
calculated across sectors.  
Insulation only is the most 
cost-effective form of 
improvement, but grants 
for heating system up-
grading or installation are 
also justified over the 
longer term and may be 
needed to achieve desired 
temperature increases for 
the coldest homes.] 
 
In-depth interviews 
• See table of qualitative 
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studies. 


9 Howden-Chapman P, 
Pierse N, Nicholls S, et 
al. Effects of improved 
home heating on 
asthma in community 
dwelling children: 
randomised controlled 
trial. BMJ 2008; 337: 
a1411.


9
 


To assess 
whether 
non-
polluting, 
more 
effective 
home 
heating 
(heat 
pump, 
wood 
pellet 
burner, 
flued gas) 
has a 
positive 
effect on 
the health 
of 
children 
with 
asthma 


Randomiz
ed 
controlled 
trial 


++ ++ 409 children 


aged 6-12 years 


with doctor 


diagnosed 


asthma in 


households in 


five 


communities in 


New Zealand 


Installation of a 
non-polluting, 
more effective 
home heater 
before winter. 
The control 
group received 
a replacement 
heater at the 
end of the trial. 


Primary: 
change in lung 
function (peak 
expiratory 
flow rate and 
forced 
expiratory 
volume in one 
second, 
FEV(1)) 
 
Secondary: 
child reported 
respiratory 
tract 
symptoms 
and daily use 
of preventer 
and reliever 
drugs. 
 
Parent- 
reported 
child's general 
health, use of 
health 
services, 
overall 
respiratory 
health, and 
housing 
conditions.  
 
Nitrogen 
dioxide levels  
and 
temperatures 
in the living 
room and 


Regression and 
analysis of 
covariance 
models 
(intervention vs 
control) 


Improvements in lung 
function were not 
significant (difference in 
mean FEV(1) 130.7 ml, 95% 
confidence interval -20.3 to 
281.7).  
 
Children in the intervention 
group had: 
-- 1.80 fewer days off 
school (95% confidence 
interval 0.11 to 3.13) 
-- 0.40 fewer visits to a 
doctor for asthma (0.11 to 
0.62), 
-- 0.25 fewer visits to a 
pharmacist for asthma 
(0.09 to 0.32). 
-- fewer reports of poor 
health (adjusted odds ratio 
0.48, 95% confidence 
interval 0.31 to 0.74) 
-- less sleep disturbed by 
wheezing (0.55, 0.35 to 
0.85) 
-- less dry cough at night 
(0.52, 0.32 to 0.83) 
-- and reduced scores for 
lower respiratory tract 
symptoms (0.77, 0.73 to 
0.81) than children in the 
control group. 
 
The intervention was 
associated with a mean 
temperature rise in the 
living room of 1.10 degrees 
C (95% confidence interval 
0.54 degrees C to 1.64 
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child's 
bedroom. 


degrees C) and in the child's 
bedroom of 0.57 degrees C 
(0.05 degrees C to 1.08 
degrees C).  
 
Lower levels of nitrogen 
dioxide were measured in 
the living rooms of the 
intervention households  
and in the children's 
bedrooms 


18 Lloyd EL, McCormack C, 
McKeever M, Syme M. 
The effect of improving 
the thermal quality of 
cold housing on blood 
pressure and general 
health: a research note. 
J Epidemiol Community 
Health 2008; 62(9): 
793-7.


18
 


To 
examine 
the effect 
of 
improving 
the 
thermal 
quality of 
housing 
on blood 
pressure 
and 
general 
health. 


Before 
and after 
study 


+ + Residents of four 
blocks of flats in 
the Easthall area 
of Easterhouse, 
Glasgow. 


Two blocks of 
flats were 
upgraded from 
being cold, 
damp and 
mouldy to being 
comfortably 
warm, dry and 
mould free 
throughout. 
 
68 residents (42 
intervention 
and 26 control) 
agreed to 
participate. 
 
36 residents (27 
intervention 
and nine 
control) 
completed the 
study. 


Changes in 
blood 
pressure, 
general health 
and financial 
status. 


Two year 
follow-up 
period after 
study. 
 
Student’s paired 
t-test used to 
compare 
changes in 
blood pressure 
readings in the 
intervention 
group and 
separately in 
the control 
group.  
 
Student’s two-
sample t-test 
used to 
compare 
differences 
between groups 
in the 
‘‘population’’ 
readings, and 
the changes in 
blood pressure 
between the 


In intervention subjects, 
there was a very significant 
fall in both systolic 
(p<0.000) and diastolic 
(p<0.000) blood pressure 
following the intervention.  
 
In the control group, there 
was a small nonsignificant 
(p=0.396) rise in systolic 
pressure, and a small 
marginally significant 
(p<0.011) rise in diastolic 
pressure. 
 
There was also an 
improvement in general 
health in intervention 
subjects as reported 
subjectively, and as 
indicated by a reduction in 
the use of medication and 
in hospital admissions.  
 
There was also a markedly 
reduced expenditure on 
heating costs and other 
previous expenses. 
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intervention 
and control 
groups. 


2007 


39 Shortt N, Rugkasa J. 
"The walls were so 
damp and cold" fuel 
poverty and ill health in 
Northern Ireland: 
results from a housing 
intervention. Health 
Place 2007; 13(1): 99-
110.


39
 


To report 
an 
evaluation 
of a fuel 
poverty 
programm
e  


Before-
after 
compariso
n 


+ + Armagh and 
Dungannon 
Health Action 
Zone, Northern 


Ireland: energy 


efficiency 


measures, 


including some 


central heating 


systems, were 


installed in 54 


homes. Surveys 


were conducted 


both pre and 


post 


intervention and 


analysed to 


assess any 


changes. 


Installation of 
central heating 
systems and 
other 
energy 
efficiency 
measures in 
homes across 
the zone. 


Questionnaire 
survey of 
various 
dimensions of 
health: 
 
Thermal 
comfort 
Satisfaction 
with heating 
Self-reported 
illnesses, incl: 
angina, 
arthritis, 
asthma, chest 
infections/bro
nchitis, 
pneumonia, 
mental illness 
 
Temperature 
measurement 
in small 
subsample of 
dwellings 
(n=12) 


Before-after 
change in 
intervention 
and control 
dwelloings 


Improvement in 
satisfaction with heating 
 
For total 
intervention households 
there was a significant 
decrease in both the 
numbers of householders 
reporting 
arthritis/rheumatism 
(p<0:05) and the 
numbers reporting an 
‘other’ form of illness 
(po0:05). Although each of 
the remaining conditions 
decreased slightly, results 
were not statistically 
significant  
 
Qualitative reports of 
improved health from 
interviews. 
 
Indirect evidence of  
reduction in the use of 
health services. 


 


19 Barton A, Basham M, 
Foy C, Buckingham K, 
Somerville M, Torbay 
Healthy Housing G. The 
Watcombe Housing 
Study: the short term 
effect of improving 
housing conditions on 
the health of residents. 
J Epidemiol Community 


To assess 
the short 
term 
health 
effects of 
improving 
housing. 


Randomis
ed to 
waiting 
list 


++ ++ 119 council 
owned houses in 
south Devon, UK. 
About 480 
residents of these 
houses. 
 
For the self 
completed 
questionnaires 


A randomised 
to waiting list 
design agreed 
with residents 
and the local 
Council.  
 
Upgrading 
houses 
(including 


All residents 
completed an 
annual health 
questionnaire
: SF36 and 
GHQ12 
(adults).  
 
Residents 
reporting 


Mann–Whitney 
U test.  
 
Conducted on 
an intention to 
treat basis. 


The interventions improved 
energy efficiency. 
 
There was no difference 
between self reported 
asthma or severity of 
disease between occupants 
of intervention and control 
houses.  
 


No information 
on residents’ 
actual 
expenditure on 
heating, or any 
alternative use of 
savings such as 
increased 
expenditure on 
food. 
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Health 2007; 61(9): 
771-7. 


and health 
interviews, 
response rates, as 
a proportion of 
our baseline 
sample, were 99% 
and 86%, 
respectively, in 
the first year, 87% 
and 86% in the 
second, and 91% 
and 66% in the 
third. 


central heating, 
ventilation, 
rewiring, 
insulation, and 
re-roofing) in 
two phases a 
year apart. 


respiratory 
illness or 
arthritis were 
interviewed 
using 
condition-
specific 
questionnaire
s, the former 
also 
completing 
peak flow and 
symptom 
diaries 
(children) or 
spirometry 
(adults). 
 
Data on 
health service 
use and time 
lost from 
school were 
collected. 


For those living in 
intervention houses, non-
asthma-related chest 
problems (Mann–Whitney 
test, p = 0.005) and the 
combined asthma symptom 
score for adults (Mann–
Whitney test, z = 2.7, p = 
0.007) diminished 
significantly compared with 
control houses.  
 
There was no difference 
between intervention and 
control houses seen for 
SF36 or GHQ12. 


14 Critchley R, Gilbertson 
J, Grimsley M, Green G. 
Living in cold homes 
after heating 
improvements: 
Evidence from Warm-
Front, England’s Home 
Energy Efficiency 
Scheme. Applied Energy 
2007; 84(2): 147-58. 


To 
investigat
e 
explanato
ry factors 
for 
persistent 
cold 
temperat
ures in 
homes 
which 
have 
received 
heating 
improvem


Analysis 
of data 
from a 
national 
survey of 
dwellings 
and 
household
s. 


+ ++ Households in 
England occupied 
by low-income 
residents that had 
received heating 
improvements or 
repairs under the 
Warm Front 
Scheme. 


888 households, 
which had 
received high 
level heating 
interventions. 
 
222 households 
were identified 
as occupying 
cold homes, 
with mean 
bedroom 
temperature 
below 16 °C or 
mean living 
room 


Bedroom and 
living room 
temperatures.  
 
Self-reported 
thermal 
comfort, 
feeling of 
security and 
various health 
outcomes 
(mental 
health, 
physical 
health, well-
being, 


Binary logistic 
regression. 


Residents of cold homes 
were less likely to have 
long-standing illness or 
disability, but more likely to 
experience anxiety or 
depression. 
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ents. temperatures 
below 18 °C. 
 
Random 
telephone 
survey of 79 of 
the 222 
occupying cold 
homes. 


longstanding 
illness or 
disability).  
 
Survey 
responses on 
attitudes and 
behaviours 
relating to 
cold homes. 


6 Howden-Chapman P, 
Matheson A, Crane J, et 
al. Effect of insulating 
existing houses on 
health inequality: 
cluster randomised 
study in the 
community. BMJ 2007; 
334(7591): 460.


6
 


To 
determine 
whether 
insulating 
existing 
houses 
increases 
indoor 
temperat
ures and 
improves 
occupants
’ health 
and 
wellbeing. 


Communit
y based, 
cluster, 
single 
blinded 
randomis
ed study. 


++ + 1,350 households 
containing 4,407 
participants in 
seven low income 
communities 
(three urban, four 
rural) in New 
Zealand. 


Installation of a 
standard 
retrofit 
insulation 
package. 
Participants 
selected 
through local 
organisations. 
 
Selected 
households 
were in 
uninsulated 
dwellings; at 
least one 
household 
member had 
reported 
respiratory 
symptoms in 
the past year or 
had a history of 
asthma, 
pneumonia, or 
chest infections; 
and members 
were planning 
to remain in the 
dwelling for the 


Environmenta
l: indoor 
temperature 
and relative 
humidity, 
energy 
consumption.  
 
Self-reported 
health 
outcomes: 
wheezing, 
days off 
school and 
work, visits to 
general 
practitioners, 
admissions to 
hospital. 


Data analysed 
on an intention 
to treat basis.  
 
Analysis of 
covariance 
(ANCOVA), 
adjusted for 
sex, ethnic 
origin and age 
group. 


Insulation was associated 
with a small increase in 
bedroom temperatures 
during the winter (0.5°C) 
and decreased relative 
humidity (−2.3%).  
 
Bedroom temperatures 
were below 10°C for 1.7 
fewer hours each day in 
insulated homes than in 
uninsulated ones.  
 
These changes were 
associated with: reduced 
odds in the insulated 
homes of fair or poor self-
rated health Adjusted OR 
0.50 (95% CI 0.38, 0.68), 
self reports of wheezing in 
the past three months 
Adjusted OR 0.57 (95% CI 
0.47,  0.70), self reports of 
children taking a day off 
school Adjusted OR 0.49 
(95% CI 0.31, 0.80), self 
reports of adults taking a 
day off work Adjusted OR 
0.62 (95% CI 0.46,  0.83), 
visits to general 


Author 
highlighted 
limitations: Study 
only single 
blinded (not 
possible to install 
interventions 
without 
knowledge of 
householders or 
landlords).  
 
Targeted 
uninsulated 
households 
where at least 
one member had 
current 
respiratory 
symptoms (may 
increase effect 
sizes).  
 
Population 
contained a 
disproportionatel
y high proportion 
of Maori and 
Pacific people, 
who have higher 
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next two 
winters.  
 
Households 
randomly 
allocated to the 
intervention 
group had their 
houses 
insulated after 
the baseline 
measures were 
taken in the 
study’s first 
winter (June to 
August 2001).  
 
Intervention 
consisted of 
installing ceiling 
insulation, 
draught 
stopping 
around 
windows and 
doors, and 
fitting sisalated 
paper beneath 
floor joists and 
a polythene 
moisture barrier 
on the ground 
beneath the 
house. 


practitioners Adjusted OR 
0.73 (95% CI 0.62, 0.87), 
(statistically insignificant) 
reduction in hospital 
admissions for respiratory 
conditions Adjusted OR 
0.53 (95% CI 0.22, 1.29). 


morbidity and 
premature 
mortality. 


2006 
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20 Richardson G, Barton A, 
Basham M, et al. The 
Watcombe housing 
study: the short-term 
effect of improving 
housing conditions on 
the indoor 
environment. Sci Total 
Environ 2006; 361(1-3): 
73-80. 


To assess 
the effect 
of 
improving 
housing 
conditions 
in 3–4 
bedroom, 
single-
family 
unit, 
social 
rented 
sector 
houses on 
the health 
of the 
occupants
. 


Randomis
ed before 
and after 
study. 


+ + 119 houses in 
Watcombe, an 
estate of social 
rented sector 
properties in 
Torquay, UK. 


Houses were 
randomly 
allocated to be 
upgraded in 
1999 (n=50, 
Phase I) or 2000 
(n=69, Phase II). 
 
Phase II houses 
acted as a 
control for 
Phase I houses. 
 
Phase I houses 
received 
extensive 
upgrading 
including wet 
central heating, 
on demand 
ventilation, 
double-glazed 
doors, cavity 
wall and 
roof/loft 
insulation. An 
identical 
intervention for 
Phase II houses 
was delayed for 
one year. 


Discrete 
measurement
s were made 
of indoor 
environmenta
l variables in 
each house. 
 
Survey of 
health 
conditions 
(SF36 and 
GHQ12). 


Non-parametric 
tests. Primary 
measure was 
comparison of 
changes in 
2000. Data also 
presented for 
three years to 
clarify observed 
trends. 


In 2000, there was a 
significant difference 
between the changes from 
1999 to 2000 between 
Phase I (upgraded) and II 
(not then upgraded) houses 
for bedroom temperatures 
(p=0.002). 
 
Changes in wall surface 
dampness and wall 
dampness in Phase I houses 
were also significantly 
different to the change in 
Phase II houses in 2000 
(p=0.001). 
 
By 2001 Phase I houses had 
reverted to the same 
dampness levels they had 
before upgrading. 
 
The housing upgrades 
increased bedroom 
temperatures in all houses. 
Other indoor 
environmental variables 
were not affected. 
 
Changes in health 
outcomes were not 
significantly different for 
Phase 1 residents, except 
for prevalence of non-
asthmatic respiratory 
illness and adult asthma 
symptoms. 


 


2004 


21 Leech JA, Raizenne M, 
Gusdorf J. Health in 


To 
examine 


Prospectiv
e 


+/- +/- 267 people in 105 
homes in New 


Intervention 
group were 52 


Self-reported: 
range of 


Follow up 
interview after 


Case occupants’ summative 
symptom scores improved 


Author 
highlighted: 
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occupants of energy 
efficient new homes. 
Indoor Air 2004; 14(3): 
169-73. 


reported 
changes in 
health 
status in 
occupants 
of new 
energy 
efficient 
homes 
one year 
after 
occupancy 
in 
compariso
n with 
health 
status in 
the year 
before 
occupancy
. 


questionn
aire (pilot) 
study. 


Brunswick and 
Nova Scotia, 
Canada. 


R-2000TM 
homes (128 
occupants) built 
to preset and 
certified criteria 
for energy 
efficient 
ventilation and 
construction 
practices (air 
tight with 
MVHR). 
 
The control 
group were 53 
new homes 
(149 occupants) 
built in the 
same year in 
the same 
geographic area 
and price range. 
 
One adult 
occupant was 
interviewed by 
telephone 
(within 3 
months of 
programme 
registration), 
answering for 
all family 
members 
regarding the 
home and all 
occupants 
health 
characteristics 
in the previous 


general and 
respiratory 
symptoms, 
diagnosis of 
asthma, 
chronic 
obstructive 
lung disease 
(COPD) or 
heart 
condition, 
medication 
use. 
 
Symptoms 
graded by 
frequency 
(never, 
sometimes, 
often, or 
always were 
scored 1–4, 
respectively). 


one year. 
 
Summary score 
of symptoms 
for the entire 
household at 
baseline was 
compared with 
one year later 
by Wilcoxon 
rank sum test. 
 
Total symptom 
change scores 
over the year 
analysed in an 
analysis of 
variance 
examining for 
the effect of 
age, sex, and 
case versus 
control home 
status. 
 
Change scores 
examined by 
symptom and 
compared 
between case 
and control new 
homes by two-
tailed unpaired 
t-test. 


significantly over the year 
of occupancy (Wilcoxon 
rank sum test, p<0.006). 
 
Analysis of variance of 
individuals total symptom 
scores showed a significant 
effect of the type of house 
(p<0.0001), with lower 
change of scores in case 
buildings, but not of age or 
sex. 
 
When the data was 
analyzed by each symptom 
score change and 
compared between case 
and control new homes: 
throat irritation (p<0.004), 
cough (p<0.002), 
fatigue (p<0.009), 
irritability (p<0.002) were 
significantly more likely to 
improve in case occupants. 
 
In symptoms unlikely to be 
related to indoor air there 
was clearly no significant 
difference (nausea p=0.37, 
diarrhea p=0.59), while in 
some other respiratory 
symptoms there was a 
trend towards a difference 
in case over control homes 
(runny nose p=0.01, 
sneezing p=0.02, wheeze 
p=0.08, not significant at 
the <0.01 level). The main 
changes in symptom scores 
were from “sometimes” to 


Unable to exclude 
is possibility that, 
having paid a 
small premium to 
purchase the case 
home, the 
occupant 
answering the 
questionnaire for 
the family simply 
believes the air is 
indeed better and 
health is 
improved. 
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year. 
 
83% response 
rate in 
intervention 
group. Similar 
response rate 
(79%) in control 
homes. 


“never”. 


2000 


22 Somerville M, 
Mackenzie I, Owen P, 
Miles D. Housing and 
health: does installing 
heating in their homes 
improve the health of 
children with asthma? 
Public Health 2000; 
114(6): 434-9. 


To 
evaluate 
the use of 
NHS 
money to 
improve 
heath by 
improving 
housing 
conditions
. 


Before 
and after 
study. 


+ + Cornwall, UK. 72 
children with 
previously-
diagnosed asthma 
living in 59 damp 
homes. 


Installation of 
central heating. 
 
Installation of 
gas central 
heating in 
28/59 (47%) 
houses, electric 
storage heaters 
in 22/59 (37%) 
houses, solid 
fuel central 
heating in 7/59 
(12%) houses 
and oil-fired 
central heating 
in 2/59 (4%) 
houses. 


Symptom-
based 
questionnaire 
for asthma. 
Included 
frequency (in 
previous 
month) of 
breathlessnes
s at different 
times scored 
on a scale of 0 
(never) to 4 
(every day), 
and time 
(number of 
days) lost 
from school in 
the previous 3 
months. 


Repeat 
assessment of 
each house and 
each child’s 
respiratory 
status carried 
out at least 3 
months 
following the 
intervention. 


Initially, 69/72 (92%) of 
bedrooms were unheated 
and 44/72 (61%) were 
damp. Following 
improvements, 10/72 (14%) 
were unheated and 15/72 
(21%) were damp. 
 
All respiratory symptoms 
were significantly reduced 
after intervention 
(p<0.001). There were no 
significant changes in 
symptoms not thought to 
be associated with damp 
housing (diarrhoea, hay 
fever, p>0.05). 
 
The greatest reduction was 
seen in nocturnal cough, 
from median score of 3 
(most nights) to 1 (one or 
several nights) (p<0.001) in 
the previous month. 
 
Following intervention, 
children lost significantly 
less time from school for 
asthma in the previous 
three months (9.3 days per 


Authors 
identified: lack of 
control group, 
parental reporting 
of symptoms, and 
lack of blinding to 
intervention. 
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100 vs. 2.1 days per 100 
afterwards, p<0.01): mean 
difference in rates 7.27 
(95% CI 3.32-11.21, P<0.001 
by paired t-test). Time lost 
for reasons other than 
asthma did not change 
significantly: mean 
difference in rates -1.80 
(95% CI -3.86-0.26). 


1996 


23 Hopton J, Hunt S. The 
health effects of 
improvements to 
housing: A longitudinal 
study. Housing Studies 
1996; 11: 271-86. 


To 
evaluate 
the 
effects of 
an 
improved 
heating 
system on 
the 
symptoms 
of 
children 
living on a 
peripheral 
housing 
estate. 


Longitudin
al (before 
and after) 
study. 


+ + 997 households 
on an isolated 
Scottish housing 
estate. 


Installation in 
all rooms of a 
controlled 
heating system 
which responds 
to external 
temperature 
(the “Heat with 
Rent” scheme).  
 
532 households 
interviewed 
following 
intervention.  
 
Information was 
available pre- 
and post-
intervention on 
251 children.  
 
For households 
with children, 
intervention 
(Heat with 
Rent) n = 55, no 
intervention n = 
77.  
 


Self-reported 
health status, 
including 
symptoms 
and reported 
health status 
of adults and 
any children 
present, use 
of health 
services, 
chronic illness 
in the 
household. 


Follow up 
period was 12 
months. 
 
Interviews 
performed at 
three times: 
time 1—prior to 
installation of 
the new heating 
system; time 
2—
approximately 6 
months later; 
and time 3—
approximately 
12 months after 
time 1. 


There was a general 
deterioration in children's 
symptomatic health over 
the year.  
 
Mean overall symptom 
score increased from 3.34 
at time 2 to 3.82 at time 3 
(n = 132).  
 
Of symptoms associated in 
the literature with 
dampness/mould, 
wheezing, runny nose, sore 
throat, headaches and 
persistent cough declined 
or stayed the same in the 
households where the 
heating had been improved 
while they showed a 
marked increase in the 
households where the 
heating had remained the 
same (McNemar test p < 
0.05).  
 
Change in reporting the 
house was too cold was the 
only significant predictor of 


Authors noted 
high attrition rate 
and reluctance for 
residents to take 
part in survey. 
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Interviews 
included 
questions on 
perceived 
dampness, 
mould and cold. 


change on the overall 
symptom score in 
households reporting 
problems with cold at time 
3, but not at time 1, and a 
relatively small decrease in 
households where 
problems with cold had 
been alleviated.  
 
Change in reported level of 
dampness was the only 
significant predictor of 
change in reporting of 
runny nose (t = 2.41; p < 
0.01).  
 
The results suggest that the 
elimination of 
dampness/mould 
prevented a further 
deterioration in health 
rather than bringing about 
an improvement. 


Housing simulations 


24 Wilkinson P, Smith KR, 
Davies M, et al. Public 
health benefits of 
strategies to reduce 
greenhouse-gas 
emissions: household 
energy. Lancet 2009; 
374(9705):1917-29. 


To 
examine 
the effect 
of 
hypotheti
cal 
strategies 
to 
improve 
energy 
efficiency 
in the UK 
housing 
stock. 


Simulatio
n study of 
indoor 
environm
ent with 
quantitati
ve health 
impact 
assessme
nt. 


-/+ ++ Entire UK housing 
stock. 


Interventions to 
improve the 
energy 
efficiency of 
heating of the 
housing stock 
through 
changes to the 
dwelling fabric, 
ventilation 
control, fuel 
use, and 
occupant 
behaviour. 


Modelled 
changes in 
indoor winter 
temperatures, 
PM2.5, 
environmenta
l tobacco 
smoke (ETS), 
carbon 
monoxide 
(CO), mould 
and radon.  
 
Modelled 
health 


Building physics 
based 
simulations of 
changes in 
environmental 
exposures in 
the UK housing 
stock.  
 
Health outcome 
estimates 
derived from 
attributable 
burdens 
calculated with 


The magnitude and even 
direction of the changes in 
health depended on details 
of the intervention, but 
interventions were 
generally beneficial for 
health.  
 
For a strategy of combined 
fabric, ventilation, fuel 
switching, and behavioural 
changes, there were 850 
fewer disability-adjusted 
life-years (DALYs), and a 
saving of 0.6 megatonnes 


Modelling study 
to assess the 'co-
benefits' of 
greenhouse gas 
mitigation 
strategies.  
 
Intended to be 
illustrative. 
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outcomes 
were winter 
excess 
cardiovascular 
mortality 
(cold), 
respiratory 
symptoms 
(mould), 
acute carbon 
monoxide 
mortality, 
cardiopulmon
ary mortality 
(PM2.5), lung 
cancer 
(PM2.5, 
radon), 
myocardial 
infarction 
(ETS), and 
cerebrovascul
ar accident 
(ETS). 


adaptation of 
WHO 
Comparative 
Risk Assessment 
(CRA) method. 


of CO2 per million 
population in one year. 


Health forecasting systems 


25 Bakerly ND, Roberts JA, 
Thomson AR, Dyer M. 
The effect of COPD 
health forecasting on 
hospitalisation and 
health care utilisation in 
patients with mild-to-
moderate COPD. Chron 
Respir Dis 2011; 8(1): 5-
9. 


To test 
whether 
COPD 
exacerbati
ons and 
admission
s can be 
reduced 
by 
predicting 
periods of 
cold 
weather 
coupled 
with 


Before 
and after 
study. 


+ + Patients with 
mild-to-moderate 
COPD from three 
primary care 
practices in 
Salford, UK, a 
district with high 
COPD prevalence. 


Met Office 
'Healthy 
Outlook' alert 
service for 
COPD patients.  
 
The 
intervention 
period (1 Nov 
2008 to 31 Mar 
2009) was 
compared to 
the same 
patients for the 
same period 12 


The primary 
outcome was 
number of 
emergency 
COPD 
admissions to 
secondary 
care. 
 
Secondary 
outcomes 
were number 
of hospital 
bed-days, all-
cause 


Results 
expressed as 
means and 
mean 
differences with 
bias-corrected 
bootstrap 
analysis used to 
calculate 95% 
confidence 
intervals around 
the mean 
estimates. 


There was a non-
statistically-significant 
increase in hospital 
admissions per patient 
(0.07 to 0.076; p=0.83).  
 
The number of general 
practice visits per patient 
dropped from 4.9 to 3.8 
(p=0.001), with drop in 
average number of visits to 
patients by out-of-hours 
services from 0.52 to 0.14 
(p=0.013).  
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patients’ 
alerts and 
education
. 


months earlier 
(1 Nov 2007 to 
31 Mar 2008), 
before the alert 
service.  
 
A total of 157 
(34% of target 
COPD 
population) 
patients took 
part in the 
project, with 
five weather 
alerts 
generated (first 
alert reached 
150 patients; 
second reached 
146; third 
reached 138 
patients; fourth 
reached 137 
patients; and 
the fifth 
reached 125 
patients) during 
the intervention 
period. 


consultations 
provided by 
general 
practice 
(surgery visits 
and 
telephone 
advice), home 
visits provided 
by general 
practice, 
accident and 
emergency 
(A&E) 
presentations, 
home visits by 
the COPD 
early 
supported 
discharge 
(ESD) team, 
and by on-call 
medical 
services (out-
of-hours 
services). 


The average number of 
home consultations 
provided by general 
practice increased from 
0.05 to 0.92 (p=0.001).  
 
Cost per patient increased 
by an average of £142 (95% 
CI -£128 to £412).  
 
The authors concluded that 
the anticipatory care model 
was not associated with 
reduction in admissions 
from COPD exacerbations. 


26 Halpin DM, Laing-
Morton T, Spedding S, 
Levy ML, Coyle P, Lewis 
J, et al. A randomised 
controlled trial of the 
effect of automated 
interactive calling 
combined with a health 
risk forecast on 
frequency and severity 
of exacerbations of 


(i) To 
assess 
whether 
the 
EXACT-
PRO 
health 
forecastin
g system 
can 
predict 


Prospectiv
e 
randomis
ed 
controlled 
trial. 


+ + 79 people aged 
over 40 with a 
diagnosis of COPD 
at three general 
practices in 
Devon, UK.  
 
All eligible 
patients were 
invited to 
participate.  


Automated 
alert calls made 
to patients' 
normal 
telephone 
service if an 
elevated risk of 
exacerbations 
was forecast.  
 
Patients 


Patient 
reported 
outcome 
measures 
using EXACT 
system.  
 
Primary 
outcomes 
were 
frequency of 


Exacerbation 
and event rates 
compared using 
a negative 
binomial model 
to allow for 
inter-subject 
variability.  
 
Ability to 
predict periods 


58% in intervention group 
experienced one or more 
exacerbation compared 
with 68% in control group.  
 
Exacerbation frequency (+/- 
standard error of the mean) 
in patients receiving alert 
calls was lower (0.95±0.27 v 
1.17±0.29, p=0.52) but not 
statistically significant.  


The evaluation 
team included 
those from the 
service provider 
(UK Met Office). 
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COPD assessed clinically 
and using EXACT PRO. 
Primary Care 
Respiratory Journal 
2011; 20(3): 324-31. 


periods of 
higher 
risk, and 
(ii) and to 
assess the 
effect of 
the 
service on 
the 
frequency 
and 
severity of 
COPD 
exacerbati
ons. 


 
All who 
completed trial 
daily diary were 
entered into the 
study. 


randomised to 
either receive 
alert calls or 
not. 40 people 
in intervention 
group, 39 
controls. 


exacerbations 
(defined using 
Anthonisen 
criteria) and 
proportion of 
patients 
experiencing 
one or more 
exacerbation.  
 
Secondary 
outcomes 
were ability to 
predict 
increased 
frequency of 
exacerbations
, frequency, 
severity and 
duration of 
events, and 
changes in 
health status. 


of increased risk 
analysed using a 
mixed linear 
model. 


 
No difference in mean 
EXACT scores between 
study groups.  
 
34% of intervention group 
experienced one or more 
EXACT exacerbation 
compared with 53% in 
control group.  
 
Authors suggest that the 
ability of the forecast to 
predict high risk periods 
was confirmed 
unequivocally. 


27  Maheswaran R, 
Pearson T, Hoysal N, 
Campbell MJ. 
Evaluation of the 
impact of a health 
forecast alert service on 
admissions for chronic 
obstructive pulmonary 
disease in Bradford and 
Airedale. J Public 
Health. 2010; 32(1): 97-


102. 27
 


To 
examine if 
a 
forecastin
g alert 
service 
reduced 
COPD 
admission
s. 


Before 
and after 
compariso
n study. 


+ ++ Bradford and 
Airedale during 
winter of 2007-
08.  
 


Retrospective 
analysis of Met 
Office COPD 
exacerbation 
forecasting 
system. 
 
Analysis of 
anonymised 
admissions data 
for all local 
practices for the 
winters of 2006-
0 (when no 
forecasting 
system) and 
2007-08 (with 


Practice level 
COPD 
admission 
counts during 
the two 
winter 
periods. 


Poisson 
regression used 
to model COPD 
admission 
counts. 


Admission rate ratios for 
practices using the service 
were 0.98 (95%CI: 0.78–
1.22) for December to 
March, and 0.82 (CI: 0.57–
1.18) and 0.95 (CI: 0.72–
1.26) for the 7- and 14-day 
post-alert periods, 
respectively.  
 
When proportion of 
patients entered on the 
alerts system and the 
duration for which 
practices participated in the 
service were taken into 
account, admission rate 


Author-noted 
limitations:  
 
Relatively small 
number of 
practices took up 
the service and 
few entered most 
of their patients 
onto the system.  
 
Relatively few 
alerts during the 
periods 
compared. 
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forecasting 
system). 
 
Forecasting 
system used 
automated 
telephone call 
to warn people 
with COPD. 


ratios for practices fully 
using the service were 1.11 
(CI: 0.80–1.52), 1.22 (CI: 
0.73–2.04) and 1.21 (CI: 
0.82–1.78) for the three 
corresponding periods.  
 
The study failed to show 
that any change in 
admissions associated with 
the forecasting service was 
significant. 


28 Marno P, Chalder M, 
Laing-Morton T, Levy 
M, Sachon P, Halpin D. 
Can a health forecasting 
service offer COPD 
patients a novel way to 
manage their 
condition? J Health Serv 
Res Policy. 2010; 15(3): 


150-5. 28
 


To explore 
the 
acceptabil
ity and 
utility of a 
health 
forecastin
g service 
to 
patients 
with 
COPD and 
its 
perceived 
impact on 
their 
behaviour 
and 
disease 
managem
ent. 


Cross-
sectional 
questionn
aire 
survey 
(pilot 
study). 


- + 3288 COPD 
patients from 189 
general practices 
in England, 
Scotland and 
Wales at the end 
of winter 2007-
08. 


All general 
practices in 
each area 
invited to 
participate.  
 
Most used an 
opt-in to the 
system, though 
one used an 
opt-out.  
 
Every patient 
received an 
information 
pack. Survey 
conducted in 
April 2008.  
 
No control 
group. 


Self-reported 
(survey) 
information 
on 
characteristics 
of service 
user, views on 
acceptability 
of service, 
satisfaction 
with service, 
and perceived 
impact on 
their 
behaviour.  
 
No explicit 
health 
outcomes. 


Descriptive 
statistics, cross-
tabulations and 
chi-squared 
tests. 


85% of those returning a 
questionnaire reported at 
least one exacerbation 
during the study period and 
8% had been admitted to 
hospital on one or more 
occasion.  
 
The majority of 
respondents deemed the 
information pack useful 
while the automated calls 
were generally said to be 
convenient, easy to 
understand and reassuring.  
 
Those less satisfied with the 
service felt they were 
already sufficiently aware 
of the prevailing weather 
conditions or felt more 
detailed information was 
needed.  
 
Most benefit was reported 
by those patients who were 
willing to be proactive in 
the management of their 


Pilot 
questionnaire 
survey with no 
control group and 
limited response 
rate. 
 
Authors include 
members of the 
service provider 
(UK Met Office). 
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condition, with the service 
encouraging 36% of 
respondents to seek a 
repeat prescription, 28% to 
reread their information 
pack and 12% to consult 
their GP for worsening of 
symptoms. 


Influenza vaccination 


 Kiyohara K, Kojimahara 
N, Sato Y, Yamaguchi N. 
Changes in COPD 
mortality rate after 
amendments to the 
Preventive Vaccination 
Law in Japan. Eur J 
Public Health. 2013; 
23(1): 133-9.


29
 


To assess 
the 
effects of 
the 
amendme
nt to 
Japan's 
Preventiv
e 
Vaccinatio
n Law in 
2001 to 
augment 
influenza 
vaccine 
coverage 
of elderly 
people on 
the 
nationwid
e COPD 
mortality 
rate. 


Before 
and after 
study 
based on 
retrospect
ive 
analysis of 
mortality 
data. 


+ + Japan 
(nationwide). 


Retrospective 
analysis of 
national COPD 
mortality data 
for January 
1995 to 
November 2001 
(pre law 
change) and 
December 2001 
to December 
2009 (post law 
change). 


Monthly 
national COPD 
mortality 
obtained from 
‘Monthly Vital 
Statistics 
Reports of the 
Ministry of 
Health, 
Labour and 
Welfare’ for 
January 1995 
to December 
2009.  


Poisson 
regression.  
 
Performed 
separately for 
ages <65 years 
and >65 years. 


After amendments to the 
law, a statistically 
significant reduction in 
COPD mortality rates was 
observed in January (RR 
0.84; 95%CI 0.81–0.88), 
February (RR 0.85; CI 0.81–
0.89) and March (RR 0.92; 
CI 0.88–0.96) among the 
population aged >65 years.  
 
However, in the population 
aged <65 years, no 
statistically significant 
changes in the COPD 
mortality rate were found.  
 
The authors conclude that a 
legal approach to improving 
influenza vaccine coverage 
for the elderly population 
would contribute to 
reducing the risk of COPD 
deaths during the influenza 
season. 


Uncontrolled.  
 
Main registered 
cause of deaths 
for COPD patients 
may not be COPD. 


 de Diego C, Vila-
Corcoles A, Ochoa O, et 
al. Effects of annual 
influenza vaccination 
on winter mortality in 
elderly people with 


To assess 
the 
effects of 
annual 
influenza 
vaccinatio


Prospectiv
e cohort 
study. 


+ + 1,340 community-
dwelling 
individuals 65 
years or older 
who had chronic 
heart disease 


Individuals were 
followed from 
January 2002 to 
April 2005.  
 
For each year, 


Primary 
outcome was 
all-cause 
death during 
the study 
period. 


Multivariable 
Cox 
proportional-
hazard models 
adjusted by age, 
sex, and 


Influenza vaccination was 
associated with a significant 
reduction of 37% in the 
adjusted risk of winter 
mortality during the overall 
period 2002–2005.  
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chronic heart disease. 
Eur Heart J 2009; 30: 
209-16.


31
 


n on 
winter 
mortality 
in older 
adults 
with 
chronic 
heart 
disease. 


(congestive heart 
failure or 
coronary artery 
disease) in the 
region of 
Tarragona, 
Catalonia, Spain. 


information on 
their influenza 
vaccination 
status was 
determined by 
a review of the 
Primary Health 
Care Centres’ 
clinical records. 


comorbidity 
were used to 
evaluate 
vaccine 
effectiveness. 


 
The attributable mortality 
risk reduction in vaccinated 
people was 8.2 deaths per 
1,000 person-winters.  
 
The authors estimated that 
one death was prevented 
for every 122 annual 
vaccinations (ranging 
between 49 in Winter 2005 
and 455 in Winter 2003).  
 
They concluded that the 
results suggest a benefit 
from the influenza 
vaccination and support an 
annual vaccination strategy 
for elderly people with 
cardiac diseases. 


 Vila-Corcoles A, Ochoa 
O, de Diego C, et al. 
Effects of annual 
influenza vaccination 
on winter mortality in 
elderly people with 
chronic pulmonary 
disease. Int J Clin Pract. 
2008; 62(1): 10-7.


30
 


To assess 
the 
effects of 
annual 
influenza 
vaccinatio
n on 
winter 
mortality 
in older 
adults 
with 
COPD. 


Prospectiv
e cohort 
study. 


+ + 1,298 community-
dwelling 
individuals 65 
years or older 
who had chronic 
heart disease 
(congestive heart 
failure or 
coronary artery 
disease) in the 
region of 
Tarragona, 
Catalonia, Spain. 


Individuals were 
followed from 
January 2002 to 
April 2005. 
 
For each year, 
information on 
their influenza 
vaccination 
status was 
determined by 
a review of the 
Primary Health 
Care Centres’ 
clinical records. 


Primary 
outcome was 
all-cause 
death during 
influenza 
periods. 


Multivariable 
Cox 
proportional 
hazard models 
adjusted by age, 
sex and 
comorbidity 
were used to 
evaluate 
vaccine 
effectiveness. 


Influenza vaccination was 
associated with a non-
statistically significant 16% 
reduction in winter 
mortality among vaccinated 
COPD patients [unadjusted 
hazard ratio (HR): 0.84; 95% 
CI: 0.60–1.17].  
 
Multivariable analysis 
showed that there was an 
insignificant trend towards 
a reduced mortality in the 
vaccinated group 
considering overall 
influenza periods 2002–
2005 (adjusted HR: 0.76; 
95% CI: 0.52–1.06; 
p=0.098).  
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The authors estimated that, 
in the total COPD 
population, one death was 
prevented for every 187 
annual vaccinations.  
 
Authors conclude that the 
data suggest there is 
benefit from the influenza 
vaccination and support an 
annual vaccination strategy 
for elderly COPD patients. 


 Vila-Corcoles A, 
Rodriguez T, de Diego 
C, et al. Effect of 
influenza vaccine status 
on winter mortality in 
Spanish community-
dwelling elderly people 
during 2002–2005 
influenza periods. 
Vaccine 2007; 25: 6699-
707. 


To assess 
the 
relationsh
ip 
between 
the 
reception 
of 
conventio
nal 
inactivate
d 
influenza 
vaccine 
and 
winter 
mortality. 


Prospectiv
e cohort 
study. 


++ + 11,240 
community-
dwelling 
individuals 65 
years or older 
who had chronic 
heart disease 
(congestive heart 
failure or 
coronary artery 
disease) in the 
region of 
Tarragona, 
Catalonia, Spain. 


Individuals were 
followed from 
January 2002 to 
April 2005.  
 
For each year, 
information on 
their influenza 
vaccination 
status was 
determined by 
a review of the 
Primary Health 
Care Centres’ 
clinical records. 


Primary 
outcome was 
all-cause 
death during 
the study 
period. 


Multivariable 
Cox 
proportional-
hazard models 
adjusted by age, 
sex, and 
comorbidity 
were used to 
evaluate 
vaccine 
effectiveness. 


Influenza vaccination was 
associated with a significant 
reduction of 23% in winter 
mortality risk during overall 
influenza periods.  
 
The attributable mortality 
risk in non-vaccinated 
people was 24 deaths per 
100,000 person-weeks 
within influenza periods, 
the prevented fraction for 
the population was 14%, 
and one death was 
prevented for every 239 
annual vaccinations 
(ranging from 144 in Winter 
2005 to 1748 in Winter 
2002). 


 


Anti-fall devices 


33 Berggard G, Johansson 
C. Pedestrians in 
wintertime—Effects of 
using anti-slip devices. 
Accident Analysis and 
Prevention 2010; 42: 
1199-1204.


33
 


To 
examine 
the effect 
of using 
anti-slip 
devices on 
daily 
walking 


Randomiz
ed trial 


-/+ -/+ Healthy adults in 
northern Sweden 
during February 
to April 2008. 
Recruited from 
employees at 
Luleå University 
of Technology, 


Respondents 
were randomly 
divided into an 
intervention 
group, a control 
group (with 
similar 
distribution of 


-- daily diary 
of distance 
walked and 
occurrence of 
incidents or 
accidents 
reported 
weekly 


Fishers exact 
test.  
 
Chi-square test. 


Half of the respondents 
stated that they had 
previous experience of 
using anti-slip devices.  
 
52% of the respondents 
used anti-slip devices.  
 


Reviewer noted 
 
Small sample; 
main result not 
based on initial 
randomization, 
but on whether 
user or non-user 
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journeys 
and 
preventio
n of slips 
and falls. 


Luleå, Sweden. gender and age) 
and a 
comparison 
group.  
 
Intervention 
group were 
equipped with 
one of three 
different types 
of anti-slip 
devices: a heel 
device, a foot-
blade device or 
a whole foot 
device.  
 
The comparison 
group were 
simply 
informed, in 
writing, about 
the importance 
of their 
participating in 
a travel survey. 


-- detailed 
incident or fall 
report, and  
-- experiences 
of using anti-
slip devices 
for those who 
used these 
devices during 
the trial 
period.  
 


Anti-slip devices improved 
the walking capability 
during wintertime.  
 
Among those using 
appropriate anti-slip 
devices, the average daily 
walking distance was found 
to be statistically 
significantly longer 
compared to people not 
using anti-slip devices.  
 
 
Relative incident or fall rate 
and actual fall rate on days 
when using or not using 
anti-slip devices. 
 


 Users   Non-users 
No. of days   
 356 2107 
Mean daily walking 
distance (km)  
 4.08 2.66 
Number of incidents or falls 
 9 55 
Incident or fall per day 
 0.025 0.026 
Incident or fall per km 
 0.0062 0.0098 
Fall per km 
 0.0007 0.002 
 
The study indicates that an 
increase in daily walking 
distance can be made 
without increasing the risk 
of slips/falls when using 
anti-slip devices.  
 


of devices; simple 
analysis. 
 
Potential for 
substantial 
selection bias.  
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34 Parkin L, Williams SM, 
Priest P. Preventing 
winter falls: a 
randomised controlled 
trial of a novel 
intervention. N Z Med J 
2009; 122(1298): 31-
8.


34
 


To 
investigat
e the 
hypothesi
s that 
wearing 
socks over 
shoes 
improves 
traction 
on icy 
footpaths. 


Randomis
ed 
controlled 
trial. 


-/+ - 30 pedestrians 
(median age 21 
years, range 18–
70) travelling in a 
downhill direction 
on icy public 
footpaths at two 
sites in Dunedin, 
New Zealand. 


Intervention: 
different 
coloured 
(acrylic-blend) 
socks applied 
over normal 
footwear or 
usual practice 
(unadulterated 
footwear). 
 
Pedestrians 
intercepted 
travelling 
downhill.  
 
Randomly 
assigned to 
intervention 
(socks) or 
control (no 
socks) groups.  
 
Performed on 
15 August 2008. 


Primary 
outcome: 
difference in 
mean self-
reported 
slipperiness 
on a 5-point 
scale.  
 
Secondary 
outcomes: 
falls, 
observer-
rated 
slipperiness, 
observer-
rated 
confidence, 
time to 
descend study 
slope. 


Data analysed 
according to 
intention to 
treat. 
 
Groups 
compared using 
a t-test for the 
continuous or 
ordinal 
variables and a 
Fisher’s exact 
test for the 
categorical 
variables. 


Two-thirds of participants 
(65%) had previously fallen 
on ice. 
 
Wearing socks over normal 
footwear was associated 
with a statistically 
significant improvement in 
traction; the difference in 
mean self-reported 
slipperiness scores 
between the control (n=15) 
and intervention (n=14) 
groups was 1.3 (95%CI: 0.4–
2.3). 
 
There was no evidence of 
risk compensation in the 
intervention group 
(difference in mean descent 
times 1.9 seconds, 95%CI: -
6.1–10.0). 
 
Agreement between self-
rated and observer-rated 
slipperiness was high 
(r=0.70). 
 
A higher proportion of the 
intervention group (71% vs 
53%) appeared confident. 
One member of the control 
group fell. There was no 
evidence of risk 
compensation in the 
intervention group 
(difference in mean descent 
times 1.9 seconds, 95%CI: -
6.1–10.0). 


Author identified: 
not possible to 
blind participants 
or outcome 
assessors; apart 
from sex, no 
adjustment was 
made for 
imbalances in the 
baseline 
characteristics of 
the groups. 


35 McKiernan FE. A simple To Prospectiv + + Ambulatory, fall- 113 participants The number Analysis on There were 93 indoor slips, High level of 
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gait-stabilizing device 
reduces outdoor falls 
and nonserious falls in 
fall-prone older people 
during the winter. 
Journal of the American 
Geriatrics Society 2005; 
53(6): 943-7.


35
 


determine 
whether 
Yaktrax 
Walker, a 
non-
medical 
gait-
stabilizing 
device, 
prevents 
outdoor 
falls and 
injurious 
falls in 
fall-prone 
older 
people 
during the 
winter. 


e, 
randomiz
ed, 
interventi
onal trial. 


prone people 
aged 65 and older 
in Marshfield and 
Minocqua, WI, 
USA during winter 
2003/04.  
 
Participants 
recruited from a 
falls registry (who 
had fallen at least 
once during the 
past year). 


were 
randomised to 
wear Yaktrax 
Walker or their 
usual winter 
footwear 
outdoors.  
 
Yaktrax Walker 
is a proprietary 
injection-
moulded 
thermal plastic 
elastomer 
netting sized to 
conform to the 
external length 
and width of a 
boot or shoe.  
 
Final study 
population 
consisted of 109 
people. 


of indoor and 
outdoor slips, 
falls, and 
injurious falls 
was recorded 
daily in a 
diary.  
 
A winter 
footwear 
satisfaction 
survey was 
completed 
following the 
study. 


intention-to-
treat basis. Chi-
square, 
negative 
binomial model, 
and Fisher exact 
tests used to 
test difference 
of outcomes 
between the 
intervention 
and control 
groups. 


13 indoor falls, 714 outdoor 
slips, and 62 outdoor falls. 
The tendency for both 
groups to slip/fall indoors 
was comparable.  
 
The relative risk (RR) of 
outdoor slip using Yaktrax 
Walker was 0.50 (p<0.04) 
for all diary days and 0.61 
(p=0.14) when only days 
walked on snow and ice 
was the exposure variable.  
 
The RR of outdoor fall for 
Yaktrax Walker was 0.42 
(p<0.03) when only days 
walked on snow and ice 
was the exposure variable.  
 
RR of injurious falls per day 
walked on snow and ice for 
Yaktrax Walker was 0.13 
(p<0.02).  
 
12/19 outdoor falls 
occurred when Yaktrax 
Walker subjects were not 
wearing their assigned 
device.  
 
No serious injury or 
fracture occurred in either 
group.  
 
The number needed to 
treat for the Yaktrax Walker 
to prevent one non-serious 
injurious fall in one winter 
was six. 


contamination in 
study.  
 
Authors state that 
manufacturers of 
Yaktrax Walker 
had no 
involvement in 
conception, 
design, 
implementation 
or analysis of the 
study. 
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 Thermal clothing           


36 Barnett AG, Lucas M, 
Platts D, et al. The 
benefits of thermal 
clothing during winter 
in patients with heart 
failure: a pilot 
randomised controlled 
trial. BMJ Open 2013; 3: 
e002799.


36
 


To 
examine 
whether 
providing 
thermal 
clothing 
to heart 
failure 
patients 
improves 
their 
health 
during 
winter. 


Randomis
ed 
controlled 
trial 
(pilot). 


+ + A heart failure 
clinic in a large 
tertiary referral 
hospital in 
Brisbane, 
Australia.  
 
Eligible 
participants were 
those with known 
heart failure over 
50 years of age 
living in Southeast 
Queensland.  
 
Participants were 
excluded if they 
lived in a 
residential aged 
care facility, had 
incontinence or 
were unable to 
give informed 
consent. 


Participants 
randomised to 
the intervention 
received two 
thermal hats 
and tops and a 
digital 
thermometer.  
 
Control group 
received the 
usual care.  
 
Patients 
completed a 
paper diary to 
record when 
they wore the 
hat and top and 
the indoor 
temperature. 
 
55 participants 
were 
randomised and 
50 completed. 


Primary 
outcome was 
the mean 
number of 
days in 
hospital.  
 
Secondary 
outcomes 
were the 
number of GP 
visits and self-
rated health 
(V.1 of the SF-
36 
questionnaire
). 


Generalised 
linear mixed 
regression 
model using a 
binomial 
distribution 
with a random 
intercept for 
each participant 
to control for 
repeated 
results.  
 
Bias corrected 
bootstrap used 
to create non-
parametric 95% 
CIs for 
differences 
between two 
groups.  


The mean number of days 
in hospital per 100 winter 
days was 2.5 in the 
intervention group and 1.8 
in the usual care group, 
with a mean difference of 
0.7 (95% CI -1.5 to 5.4). The 
intervention group had 0.2 
fewer GP visits on average 
(95% CI -0.8 to 0.3), and a 
higher self-rated health, 
mean improvement -0.3 
(95% CI -0.9 to 0.3).  
 
The thermal tops were 
generally well used, but 
even in cold temperatures 
the hats were only worn by 
30% of the participants. 


Small study using 
mainly self 
reported data.  
 
Compliance was 
poor among those 
who did not feel 
the cold or did 
not like tight-
fitting clothes.  
 
Compliance with 
the hat was also 
poor. 
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Evidence table 2. Qualitative studies on interventions 


 


Ref 
no. 


Study: authors, year.  Citation Quality 
score 
(++, +, -) 


Research 
parameters 


Population and 
sample selection 


Outcomes and methods of analysis Notes by review team 


54 Bates, K. B., L. Lane, et al. (2012). 
High rise hope: the social 
implications of energy efficiency 
retrofit in large multi-storey 
tower blocks (CASE report 75).


54
 


 


- To assess the social 
impacts of energy 
efficiency measures in 
buildings in low-
income areas, as part 
of a regeneration 
project. The scheme 
had multiple 
regeneration 
objectives, the major 
one being to improve 
the energy efficiency 
of the buildings. 


48 residents  
interviewed in their 
homes. Recruitment 
methods unclear 
though sample stated 
to be largely 
representative of the 
residents on the 
estate.  
 


Semistructured questionnaire used, covering how 
people felt about their home, the estate, their 
sense of security, their energy costs, 
levels of social interaction and community, 
participation on the estate, and about their 
experiences of the regeneration work to date. 
A third of respondents described using 
energy saving measures, some of which have been 
implemented by the council (eg, draught reducers). 
Almost 40 per cent said they cannot save more 
than they already do, are already careful with 
energy usage, or think the best way to save energy 
is simply not to use it. A quarter are not inclined to 
change their usage.Only a few interviewees 
mentioned the insulation works as a potential 
source of energy saving. 


Unclear whether it is 
qualitative or quantitative, 
or a mix, or how 
interviewees were 
recruited, or how analysis 
was conducted. 
 


37 Gilbertson J, Stevens M, Stiell B, 
Thorogood N, Warm Front Study 
G. Home is where the hearth is: 
grant recipients' views of 
England's home energy efficiency 
scheme (Warm Front). Soc Sci 
Med 2006; 63(4): 946-56. 


37
 


++ Research question: to 
determine grant 
recipient’s perceptions 
and experiences of the 
Warm Front 
interventions and 
impacts on health and 
well-being. 
 
Semi-structured 
interviews were 
carried out in a 
purposive sample of 49 
households which 


Five urban areas 
(Birmingham, 
Liverpool, Manchester, 
Newcastle, 
Southampton) 
 
Sample recruited at 
time of installation of 
Warm Front energy 
efficiency measures. 
 
Each household had 
received installation, 
replacement or 


Most householders reported improved and more 
controllable warmth and hot water. Many also 
reported perceptions of improved physical health 
and comfort, especially of mental health and 
emotional well-being and, in several cases, the 
easing of symptoms of chronic illness.  
 
There were reports of improved family relations, 
an expansion of the domestic space used during 
cold months, greater use of kitchens and improved 
nutrition, increased privacy, improved social 
interaction, and an increase in comfort and 
atmosphere within the home.  
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received home energy 
improvements 


refurbishment of the 
heating system +/- 
insulation of the cavity 
wall, loft or both, plus 
draught-proofing. 


Greater warmth and comfort also enhanced 
emotional security, and recipients were more 
content and at ease in their homes. However there 
was little evidence of substantially lower heating 
bills. These results provide evidence that Warm 
Front home energy improvements are 
accompanied by appreciable benefits in terms of 
use of living space, comfort and quality of life, 
physical and mental well-being, although there is 
only limited evidence of change in health 
behaviour. 


38 Harrington BE, Heyman B, 
Merleau-Ponty N, Stockton H, 
Ritchie N, Heyman A. Keeping 
warm and staying well: findings 
from the qualitative arm of the 
Warm Homes Project. Health Soc 
Care Community 2005; 13(3): 
259-67.


38
 


++ Research question: 
qualitative arm of the 
Warm Homes Project, 
a programme of 
research concerned 
with the nature of fuel 
poverty, its alleviation 
and its relationship to 
family health.  
 


Data for the present 
study were obtained 
through qualitative 
interviews with 
household members 
about the above 
issues. 
 
  


Expectations of those in fuel poverty about staying 
warm, and their beliefs about the relationship 
between warmth and health, vary considerably.  
 
Fuel poverty often had wider ramifications, 
impacting on quality of life in complex ways.  
 
Respondents took steps to alleviate cold, but their 
strategies varied. Coping was affected by 
informational limitations as well as cost 
constraints.  
 
Authors note: “Measures designed to alleviate fuel 
poverty should take into account its wider social 
meaning within the lives of household members.” 
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39 Shortt N, Rugkasa J. "The walls 
were so damp and cold" fuel 
poverty and ill health in Northern 
Ireland: results from a housing 
intervention. Health Place 2007; 
13(1): 99-110.


39
  


- Research question: 
qualitative results from 
an evaluation of a fuel 
poverty programme 
 
Surveys were 
conducted both pre 
and post intervention 
and analysed to assess 
any changes. 


54 homes in a rural 
community in the 
Armagh and 
Dungannon Health 
Action Zone in 
Northern Ireland.  
 
Energy efficiency 
measures, including 
some central heating 
systems, were installed 
through the 
programme. 


The programme demonstrated that energy 
efficiency intervention can lead to improvements 
in health and well-being, increased comfort levels 
in the home and a reduction in the use of health 
services, therefore having potential cost savings for 
the NHS.  
 
Some households, however, remain in fuel poverty 
after having full central heating installed, reflecting 
the significant contribution of low income on the 
production of fuel poverty. The 


 


41 Chalabi Z, Erens B, Hajat S et al. 
Evaluation of the implementation 
and health-related impacts of the 
Cold Weather Plan for England 
2012. London: Dept of Health 
2013;


41
 


+ Qualitative component 
of an evaluation of the 
2012/13 Cold Weather 
Plan (CWP) for 
England.  
 
Staff interview study: 
Semi-structured in-
depth telephone 
interviews with health 
and social care 
managers (n=52) in 10 
purposively sampled 
LAs in England. 
Exploration of issues 
related to the 
implementation of the 
CWP and of cold 
weather planning and 
response more 
generally. Thematic 
analysis.   
 


Staff interview study: 
Health and social care 
managers involved in 
the implementation of 
the CWP. Localities  
purposively selected to 
give spread of 
geographic regions and 
socio-economic 
groups. Names of 
relevant people 
requested from CEOs 
of organisations. 
Respondents invited by 
email or telephone to 
participate.  
 
25 older people 
recruited door –to-
door with a purposive 
sampling frame to 
include people thought 
to be vulnerable during 


Staff interview study: 
Health and social care managers tended to think of 
‘vulnerability’ in terms of socio-economic 
deprivation and existing clients (i.e. people who 
were in receipt of social care services such as home 
care). The authors conclude that this definition 
may miss some people who are vulnerable during 
cold weather (such as those who don’t use 
services) and inclue some people who are not (e.g. 
because they live in a warm home).  
 
Many services, such as home care, are contracted 
out to independent providers. While the CWP and 
the cold weather alerts were a useful aid to 
prompt providers about actions that should be 
taken during cold weather, commissioning 
managers could not be sure that the actions set 
out ion the CWP for front-line staff (such as 
checking room temperature) were being 
undertaken.  
 
Engagement with primary care was variable: While 
some GPs were said to be actively engaged with 


Funded by DH 
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Interviews with a 
sample of older people 
(n=35): 
In-depth semi-
structured telephone 
interviews with a 
sample of older people 
with long-term 
conditions undertaken 
within 2 days of a level 
3 cold weather alert. 
Exploration of views 
and experiences during 
cold weather.  
Thematic analysis. 


cold weather (>75 and 
>90 and with a chronic 
illness and living 
alone).  10 people from 
a rural locality and 15 
people from an urban 
locality. Also 10 people 
from the rural locality 
recruited by local 
AGEUK. Both localities 
included a mix of men 
and women. The urban 
locality included 3 
people of Asian origin.  


winter welfare initiatives (such as referring 
patients to household warmth interventions) 
others were not.  
 
Local leadership of implementation of the CWP 
tended to be with emergency planning staff rather 
than with public health staff. Emergency planners 
felt limited in what attention they could give to 
prevention.  
 
Interviews with a sample of older people: 
While respondents thought cold weather may 
exacerbate existing conditions there was little 
knowledge of the cardio-vascular risk association 
with cold temperatures. Although all respondents 
were in regular contact with a health professional, 
none had received any advice or support related to 
cold weather.  
 
There was a universal preference for turning the 
heating off at night (for comfort). There was also a 
universal fear of falling during icy conditions which 
was the greatest concern for participants. As a 
consequence respondents would stay inside when 
the risk of falling was thought to be high (i.e. 
during periods of ice and snow).  Respondents 
would however go out as soon as it was thought 
safe to do so, to socialise or fulfil responsibilities 
(such as voluntary work) or simply to ‘get out’.  
Nearly all respondents were reliant on public 
transport, with participants from the rural case 
study in particular facing arduous journeys to 
access facilities such as shops, exposing them to 
cold outdoor temperatures.  
 
The risk of poor health during cold weather was 
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mediated by instrumental social support provided 
by family (predominantly) or neighbours. This took 
the form of car journeys, hot meals, shopping, 
repairs, help with heating technology, and 
monitoring health and wellbeing.  


55 Cooper, R. and R. O'Hara (2010). 
"Patients' and staffs' experiences 
of an automated telephone 
weather forecasting service." 
Journal of Health Services & 
Research Policy 15 Suppl 2: 41-


55
 


 


++ To explore patient 
perceptions of the 
automated telephone 
services (ATS), 
patients' experiences 
managing their COPD, 
staff perceptions of 
the ATS and 
experiences in 
supporting COPD 
patients. 


Qualitative semi-
structured telephone 
interviews with 18 
patients and six staff 
from five primary care 
centres in Bradford, 
England. Purposive 
sampling; the majority 
of patients interviewed 
were aged between 60 
and 80 years old, with 
the youngest being 44. 
All were classified as 
having moderate to 
severe COPD. 


Thematic analysis. Interviews were undertaken 
iteratively and analysis of initial interviews was 
undertaken to identify emergent themes. 
Some patients considered the service to have been 
very beneficial and described feeling more 
prepared for possible changes in the weather. The 
telephone messages were perceived as more 
personal, accurate and specific, which empowered 
them to self-manage their condition. Patients also 
felt reassured by reminders to order medicines. 
Some believed that the service gave them priority 
status for prescriptions and appointments. A 
number of patients did not perceive the service to 
have any obvious benefits or impact on the self-
management of their condition but did not identify 
any negative aspects. Two patients viewed the 
service negatively and were generally sceptical of 
meteorological forecasting. All patients were 
emphatic that home telephones were the most 
appropriate technology for communicating 
weather warnings. Some patients reported that 
they had struggled initially with the automated 
nature of the calls and in particular with the need 
to provide specific responses. Weather forecasting 
information emerged as a more significant factor 
for patients than actual ATS mode of 
communication. Patients were aware of the 
significance of the weather for managing their 
condition and accessed weather information from 
established sources such as television and radio. A 
number of patients who were sceptical of weather 


Well conducted, methods 
well described, a lot of 
data used as quotes to 
back up the Results. A lot 
of useful findings in the 
paper, more than can be 
pasted into the table. 
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forecasting in general doubted the reliability of the 
information and consequently the value of the 
ATS. Some found ATS more reassuring than 
television or radio weather forecasts since it 
provided additional warning about potentially 
adverse weather. All staff commented on the 
failure of the service to access certain ‘hard-to-
reach’ groups or patients; non-English speaking 
COPD patients; those with less severe forms of 
COPD; and those from lower socioeconomic 
groups. 


40 Gascoigne C, Morgan K, Gross H, 
Goodwin J. Reducing the health 
risks of severe winter weather 
among older people in the 
United Kingdom: an evidence-
based intervention. Ageing and 
Society 2010; 30(2): 275-97.


40
 


+ To translate the 
relevant 
scientific literature 
into practical advice 
for older people in 
order to reduce health 
risk during episodes of 
severe winter weather 
; and to integrate this 
advice with a severe 
winter weather ‘Early 
Warning System’ 
developed by the UK 
Met 
Office. 


37 people aged 64-83 
living in Loughborough 
(62%) and rural 
Leicestershire (38%). 
 
Participants recruited 
through local 
newspaper 
advertisements, and 
were required to be: 
over the age of 65; 
have access 
to a telephone; be 
living within 10 miles 
of Loughborough 
University; and 
available at home 
throughout the two-
month ‘standby’ 
period 


The main outcome of the study was to translate 
the relevant scientific literature into practical 
advice for older people in order to reduce health 
risk during episodes of severe winter weather; and 
to integrate this advice with a severe winter 
weather 'Early Warning System' developed by the 
UK Met. Office. 
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Evidence table 3. Economic analyses 


 


Ref 
no. 


Study, 
reference 


Aim  
 


Type of 
economic 
analysis 
and 
perspecti
ve 


Qual 
score 


/applic
ability 


Applic
ability 


Population 
and setting  


Intervention/
comparator  


Outcomes Methods of 
analysis 


Results  Notes 


In
t 


(+
+,


 


+,
 -


) 
Ex


t 
 


50   Edwards RT, 
Neal RD, 
Linck P, 
Bruce N, 
Mullock L, 
Nelhans N, 
Pasterfield 
D, Russell D, 
Russell I, 
Woodfine L 
(2011) 
Enhancing 
ventilation 
in homes of 
children 
with 
asthma: 
cost-
effectivenes
s study 
alongside 
randomised 
controlled 
trial. British 
Journal of 
General 
Practice. 
e733.


50
   


 


To carry 
out a cost-
effectiven
ess 
analysis 
(CEA) of a 
housing 
interventi
on to 
improve 
the 
ventilatio
n and 
heating 
systems in 
household
s of 
children 
with 
asthma. 
The CEA is 
carried 
out 
alongside 
a 
pragmatic 
RCT.   
 


A public 
perspective 
(NHS & 
local 
authorities) 
is taken 
into 
account. 
The NHS 
costs 
included 
those of 
primary and 
secondary 
care 
sectors. The 
local 
authorities 
cost include 
costs of 
housing 
interventio
ns.    
 


++ ++ England 
 
H’holds 
with 
child 
with 
asthma 
 


The setting is 
Wrexham County 
Borough, Wales. 
The population 
are households 
with children 
(aged 5- 14) with 
asthma (have 
received 3+ 
prescriptions for 
corticosteroid in 
the preceding 
year to the 
trial).Overall 
20/23 general 
practices in 
Wrexham 
participated in 
the study and a 
total of 177 
children were 
finally studied. 
Most children 
came from 
owner-occupied 
households and 
most parents left 
full-time 
education at 16- 
years. 


All selected 
household 
received the 
housing 
intervention 
either 
immediately or 
after one year 
(‘waiting list’ 
control). The 
housing 
interventions 
were (i) 
installing 
ventilation 
system only and 
(ii) installing 
ventilation and 
heating system  
 


Health outcomes: The 
main outcome 
measures were the 
parent-completed 
asthma-specific module 
of PedsQL (a validated 
quality-of-life measure 
for children); the 
generic PedsQL module 
was also used for 
assessing physical and 
psychosocial health. 
The total score is a 
number between 0 
(worst problems) and 
100 (no problems)   
 
 
Health-related 
outcomes (health 
service use): Number of 
GP consultations 
(surgery visits, 
telephone home visits); 
No of out-of-hours GP 
consultations (surgery 
visits, telephone home 
visits); practice nurse 
consultations;  
 


Two cost 
components were 
calculated: cost of 
housing 
interventions 
(funded completely 
by local authority) 
and NHS costs 
(primary & 
secondary).   
 
Cost-effectiveness 
analysis (CEA) was 
carried out. The 
incremental 
effectiveness is the 
difference between 
the PedSQL score of 
asthmatic children 
before receiving the 
housing 
intervention and 12 
months after 
receiving the 
intervention. The 
incremental cost is 
the counterpart 
different in 
healthcare cost 
augmented by the 


Over 12 months, the housing 
intervention lifted 17% of 
children from severe asthma to 
moderate asthma (compared 
to a 3% lift in the control 
group).  
 
Healthcare costs over 12 
months between the 
intervention and control groups 
were not statistically 
significantly different. 
 
The cost to Wrexham LA was 
£1,718 per child in the 
intervention group or 12,300 
per child lifted from severe to 
moderate asthma.  
 
The ICER was £234 per unit 
improvement in the PedSQL 
asthma-specific scale (95% CI 
£140- £590). For severely 
asthmatic children, the ICER 
drops to £165 (95% CI £84-
£424)  
   
The installation of ventilation 
and heating systems were 
required are likely to be cost-


The CEA 
carried out 
is thorough. 
The study 
has 
addressed 
well issues 
to do with 
uncertainty. 
As the 
authors 
have 
pointed out, 
there were 
several 
limitations. 
The main 
limitations 
were (i) 
health 
outcome 
was 
subjective 
(reported by 
the parents) 
and (ii) no 
measureme
nts were 
made of the 
indoor 
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No of primary care 
prescriptions 
(bronchodilators, 
corticosteroids, BNF3 
respiratory) 
 
No of hospital visit 
(outpatients, inpatients, 
A&E)  
 


cost of the housing 
intervention.  
 
Incremental cost-
effectiveness ratios 
(ICERs) were 
estimated. 
 
Uncertainty bounds 
on the ICERs were 
estimated using 
bootstrapping and 
95% CIs of the ICERs 
were calculated. 
Cost-effectiveness 
acceptability curves 
(CEAC) were 
constructed to 
determine the 
probability that the 
housing 
intervention is cost-
effective against a 
range of cost-
effectiveness 
thresholds. 


effective for children with 
moderate to severe asthma.       
 


environmen
t (e.g. 
mould 
presence, 
indoor 
temperatur
e).        
 


42 Tarp Jensen 
H, Keogh-
Brown MR, 
Smith RD, 
Chalabi Z, 
Dangour AD, 
Davies M, et 
al. The 
importance 
of health co-
benefits in 
macroecono
mic 
assessments 


To 
quantify 
health 
‘co-
benefits’ 
of GHG 
mitigation 
strategies, 
including  
home 
energy 
efficiency 
measures, 
additional 


Health-
focussed 
macroecon
omic 
assessment
s of three 
contingent 
UK 
Greenhous
e Gas 
(GHG) 
mitigation 
strategies 
 


+ + UK.  
 
(Bsed 
on a 
CGE 
model 
and 
anloysis 
for the 
UK 
(Englan
d) 
 


UK 
 
Analysis of GHG 
mitigation 
strategies over 
20 years to 2030 
to meet 2030 
GHG emissions 
reduction targets 
 
 
 
 
 


Housing retro-fit 
insulation 
measures of the 
type and scale 
needed to meet 
2030 GHG 
emissions 
reduction 
targets 


Health consequences of 
retro-fit-related 
changes in the indoor 
environment (air 
quality, temperature) – 
with consequences for 
health, health and 
social security  costs 
and GDP 


 
A UK economy-wide 
dynamically-
recursive 
Computable 
General Equilibrium 
(CGE) model is used 
to calculate the 
macroeconomic 
effects over a time 
horizon of 20 years. 
The health effects 
of the specific 
energy efficiency 


Table 1. Health-related shocks 
(million £; NPV in 2010 prices): 
household energy interventions 
   
1 Net Public Budget Net Savings -37 
  1a  Social Security Net 
  Savings


a
 -80.4 


  Soc Sec save (labour) 17.6 
  + Soc Sec save (dependents)
 -98.1 
  1b   Healthcare Savings


a
43.0 


2 Total Labour Force Change
 10,375 
3 Total Population Change
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of UK 
Greenhouse 
Gas 
emission 
reduction 
strategies. 
Climate 
change. in 
press.


42
 


to those 
from 
reduced 
local air 
pollution 


Perspective
: 
Whole 
economy 
 
 


measures were 
based on health 
impact assessment 
of the interventions 
carried out in a 
separate study. The 
impact of the 
interventions and 
the associated 
health impacts 
(defined in terms of 
healthy life years 
lost to disability 
(YLDs) and years of 
life lost (YLLs)) were 
used to perturb the 
CGE model 
 


 24,238 
4 YLD (accumulated years)
 8,867 
 4a  Working age change
 6,927 
      Labour force change4,938 
 4b  Dependents change
 1,940 
5 YLL (accumulated years)
 24,238 
 5a  Working age change
 7,544 
       Labour force change
 5,436 
 5b  Dependents change
 16,694 
 
a Net Present Value over 2011-2030 
(million £) 
b Accumulated years over 2011-
2030 without discounting 


 
Indicators are linked as follows  
1 = 1a + 1b 
2 = 2a + 2b 
3 = 5 = 5a + 5b 
4 = 4a + 4b 


 
 
Table 2. Standard Assessment  
(£ million/£ per capita; NPV in 
2010 prices) 
 
ΔGDP (2011-30) total effect


a
  


 -24,601 
ΔGDP (2011-30) decomposition 
(marginal effects)


a,e
 -24,575 


  - New technologies  24,408 
  - Investment costs -49,431 
  - Health co-benefits


f
 448 


ΔPer Capita GDP
b
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  - 2015 1.9 
  - 2020 -20.4 
  - 2030 -46.6 
ΔFactor Returns (2030)


c
 


  - Land Return -0.25% 
  - Unskilled wages -0.15% 
  - Skilled wages -0.20% 
  - Capital Return 0.41% 
ΔTax Rates (2030)


d
 


  - Household Income Tax 0.04% 
ΔGDP (2011-2030)a,f 448 
ΔPer Capita GDPb,f 
  - 2015 0.06 
  - 2020 -0.04 
  - 2030 -0.60 
 
a Net Present Value over 2011-2030 
(million £) 
b Net Present Value of value in 
2015, 2020, and 2030 (£ per capita) 
c Percentage changes in 2030 
d Percentage-point changes in 2030 
e The marginal effects of the 
individual parts of the ΔGDP 
decomposition were measured 
relative to the counterfactual. The 
sums of marginal effects differ from 
the total effects due to interaction 
terms. Interaction terms are 
particularly strong in the active 
travel scenario, where the 16% 
efficiency gain for urban traffic (due 
to reduced congestion) only applies 
to the remaining 59% of urban 
traffic volumes (after the 41% 
demand reduction) 
f The health co-benefits are 
marginal effects produced from the 
health-related shocks in Table 1. 


 
The assessed household energy 
efficiency strategy is likely to 
breakeven only over the long 
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term after the investment 
programme has ceased 
(beyond our 20 year time 
horizon).  
 
Authors note: “[these 
strategies] will involve initial 
net societal costs...  
Health co-benefits can play a 
crucial role in bringing down 
net costs, but our results also 
suggest the need for adopting 
holistic assessment 
methodologies which give 
proper consideration to 
welfare-improving health co-
benefits with potentially 
negative economic 
repercussions (such as 
increased longevity..” 
 


52 BRE. A 
retrospectiv
e health 
impact 
assessment 
of housing 
standard 
intervention
s in Derby. 
Watford, 
UK: BRE.  
http://www.
bre.co.uk/pa
ge.jsp?id=30
80 accessed 
23 aug 
2013.


52
  


To 
quantify 
the health 
impacts 
associated 
with 
housing 
renovatio
n and 
refurbish
ment 
works. 


Health 
impact 
assessment 
(modelling 
study) 


+/- +/-  32 dwellings in 
Brindley Court, 
Derby, a poorer 
block of flats, 
which underwent 
housing 
improvements by 
Derby City 
Council. 


Health impact 
assessment 
using risks and 
impact 
estimates 
derived from the 
Home Health 
and Safety 
Rating System 
(HHSRS)  


Health impacts 
associated with a range 
of housing-related 
harms as defined by the 
HHSRS: 
 
- Damp/mould growth  
- Excess cold 
- Entry by intruders 
- Domestic hygiene, 
pests and refuse 
- Food safety 
- Personal hygiene, 
sanitation & drainage  
- Falling on level 
surfaces etc 
- Falling on stairs etc
  
- Falling between levels


Costing/monetizati
on of health 
impacts calculated 
from the hazards 
and harm classes 
defined by the 
HHSRS 
 
 
 
Time horizon: 
results presented  
for 1, 10 and 25 
years, but as simple 
multiples 
 
Discount rate: 
Zero (implicit) 
 


Monetized savings to society 
annually and over 10 & 25 
years by hazard 
 
   Mean saving to 
society 
 1 year 10 years
 25 years 
  
Damp and mould growth  
 £170  £1,700  
£4,250 
Excess cold 
 £1,764 £17,644
 £44,109 
Entry by intruders 
 £68  £681
 £1,702 
Domestic hygiene, pests and 


 



http://www.bre.co.uk/page.jsp?id=3080

http://www.bre.co.uk/page.jsp?id=3080

http://www.bre.co.uk/page.jsp?id=3080

http://www.bre.co.uk/page.jsp?id=3080
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- Electrical hazards 
- Fire  
- Flames, hot surfaces 
etc 
 -Structural collapse and 
falling elements  


Uncertainty: 
Not done 
 
 


refuse 
 £1  £13  
£31 
Food safety  
 £1  £13 
 £31 
Personal hygiene, sanitation & 
drainage  
 £278 £2,779
 £6,946 
Falling on level surfaces etc 
 £415 £4,150
 £10,375 
Falling on stairs etc  
  £33 £325
 £813 
Falling between levels  
 £101 £1,009
 £2,522 
Electrical hazards 
 £31 £313
 £781 
Fire  
 £56 £555
 £1,388 
Flames, hot surfaces etc  
 £8  £75
 £188 
Structural collapse and falling 
elements £10 £100
 £250 
 
The total cost of works carried 
out (£65,709) is  estimated to 
have produced savings to the 
NHS of £23,191and  wider 
society of up to £58,000 
annually. 
 
The largest health cost savings 
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are to mitigate hazards 
associated with cold. 
 
“The three most common 
hazards of cold, fire and entry 
by intruders have been 
mitigated to remove hazards 
that are above those expected 
in an average dwelling. It is 
estimated that these works will 
save 36 incidents of harm over 
a ten year period. Most of 
these expected harm outcomes 
would involve visits to GP 
surgeries or other initial NHS 
response but some would be 
expected to involve 
hospitalisation or death.” 


43 Cambridge 
Econometric
s (2012) 
Jobs, growth 
and warmer 
homes. 
Evaluating 
the 
economic 
stimulus of 
investing in 
energy 
efficiency 
measures in 
fuel poor 
homes. Final 
Report for 
Consumer 
Focus, 
Cambridge


43
   


 


To assess 
ex ante 
the 
economic 
and 
environm
ental 
impacts of 
UK 
Governme
nt 
investmen
t in 
energy 
efficiency 
in fuel 
poor 
household
s 
 


The 
economic  
analysis 
assessed 
the benefits 
and costs of 
Governmen
t spending 
the carbon 
tax revenue 
raised from 
electricity 
consumers 
between 
2012 and 
2027 on 
providing 
energy 
efficiency 
interventio
ns to fuel 
poor 


+ + The 
analysis 
is 
applicab
le 
because 
it was 
carried 
out for 
the UK 
 


The setting is the 
UK and the 
population 
targeted is the 
fuel poor 
households  
 


Three scenarios 
were modelled 
for government 
spending the tax 
revenue from 
carbon taxes on 
energy 
efficiency: (i)  
(EE-all) spend 
just under 95% 
of the tax 
revenue and 
allow 
investment on 
all 9.1 million 
fuel poor 
households,  (ii) 
(EE-T) Spend just 
under 35% of 
the tax revenue 
targeted at the 
6.8 million fuel 


Several benefits for 
each of the investment 
scenarios were 
considered: economic 
(GDP, employment-
jobs), social (reduction 
in number fuel poverty 
households, reduction 
in household energy 
bills) environmental 
(reduction on CO2 
emissions) 
 


A comprehensive 
macro-economic 
model developed 
by Cambridge 
Econometrics 
(MDM-E3) of the 
UK energy-
environment-
economy system is 
used for the 
economic analysis 
 


It was shown that there are 
very clear benefits from 
investing the carbon text 
revenues on improving energy 
efficiency of fuel poor 
households.  In the short-term 
(2015-2016) it was shown that 
investing in energy efficiency 
measures (EE-All scenario) in 
fuel poor households (i) 
removes 87% of the 9.1 million 
households from fuel poverty 
by £200 (ii) has a slightly more 
positive macro-economic 
impact than other investment 
scenarios, (iii) has a positive 
impact on GDP (0.08 to 0.2%) 
compared to the baseline 
scenario, (iv) creates 71,000 
jobs. On the longer-term 
(2027), the energy efficiency 
investment (EE-All) scenario 


The analysis 
does not 
estimate 
directly the 
health 
benefits and 
their impact 
on 
economy. 
The authors 
refer 
however to 
published 
reports on 
health 
benefits. 
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households    
 


poor households 
whose homes 
can be treated 
by less than 
£10,000, and (iii) 
(EE-EA) Spend 
100% of the tax 
revenue 
targeted at the 
6.8 million fuel 
poor households 
whose homes 
can be treated 
by less than 
£10,000 in 2013-
2019 and then a 
share of the 
revenue in 2020. 
Four alternative 
scenarios for 
spending the 
carbon tax 
revenue were 
used for 
comparison 
purposes (i) a 
general 
government 
spending 
programme (G), 
(ii) a general 
government 
investment 
programme (GK-
T), (iii) a VAT 
reduction 
scenario (VAT). 
(iv)  a fuel duty 
reduction 
scenario (FUEL). 


increases the GDP by 0.38% 
and jobs by 130,000. In terms 
of wider benefits, investment in 
energy efficiency measures in 
fuel poor households reduces 
(i) total household energy 
consumption by 5.4% by 2027 
which corresponds to an 
annual fuel saving of £212 
(2008 prices) per household, (i) 
CO2 emissions by 4 MtCO2 per 
annum by 2027.    
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All the above 
scenarios are 
compared to a 
baseline 
scenario which 
does not involve 
any spending 
stimulus.  
  


45 Liddell C. 
Cost-benefit 
Analysis of 
the Health 
Impacts of 
Tackling Fuel 
Poverty.  
Report for 
the NI 
Department 
of Social 
Develpment. 
Ulster: 
University of 
Ulster; 
2011.


45
 


To assess 
the health 
effects 
and cost 
savings of 
the 
Northern 
Ireland 
Warm 
Homes 
(NIWH) 
scheme 


(1) Benefits 
to quality of 
life 
 
(2) Direct 
costs to the 
NHS 


+ + The 
study is 
also 
applicab
le to 
England 


Northern Ireland 
Warm Homes 
(NIWH) scheme, 
2001-2008 
 
Total inhabitant 
years for 
estimated 
beneficiaries of 
scheme: 
 
--1 elderly  
person 
301,115 
 
--2 elderly people 
602,230 
 
--1.5 younger 
adults 
451,673 
 
--1.5 children 
451,673 
 
Total person 
years: 
elderly  
903,345 
younger  adults 
451,673 


Pre-post change:  
health impact 
and cost-benefit 
model using 
combination of 
Warm Front 
evaluation 
results and 
Home Health 
and Safety 
Rating System 
(HHSRS)  


Excess cold 
Damp and mould 
growth 
Falls on level surfaces 
Falls on stairs 
Fires 
Flames and hot surfaces 


Calculations done 
assuming 
occupation of 
dwelling  over 15 
years comprises the 
following: 
single pensioner for 
5 years; pensioner 
couple for 5 years; a 
family of 1.5 adults 
and 1.5 children for 
5 years. 
 
Calculations based 
on risk estimates 
from the Home 
Health and Safety 
Rating System 
(HHSRS) + estimates 
of Warm Front 
evaluation 
 
Time horizon: 15 
years 
 
Discount rate: no 
information 
provided 
 
Uncertainty:  None 
carried out 


Summary data: HHSRS, QALY 
and NHS-savings estimates of 
reduced risk post retrofit 
 
Excess cold -- ‘seniors’ 
(n=903,345) 
Post NIWH reduction: 705 (375) 
Combined QALYs: 320.7 (170.7) 
QALY gain (£M): Max (Min): 
12.83 (6.83) 
NHS saving: Max (Min): 
£478,088  (£254,304) 
 
Excess cold -- other adults 
(n=451, 673) 
Post NIWH reduction: 294 (147) 
Combined QALYs: 144.5 (77.0) 
QALY gain (£M): Max (Min): 
5.78 (3.08) 
NHS saving: Max (Min): 
£215,140  (£114,437) 
 
Damp and mould growth -- 
Children (n=451,673) 
Post NIWH reduction: 1355 
(903) 
Combined QALYs: 210.2 (140.0) 
QALY gain (£M): Max (Min): 
8.41 (5.60) 
NHS saving: Max (Min) 
£253,845 (£162,353) 


No 
uncertainty 
or 
sensitivity 
analysis 
were 
carried out 
despite the 
modelling 
approach 
has many 
assumption
s.  
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child 
451,673 


although the value 
of using Monte 
Carlo simulations is 
noted  
 


 
Falls + fires -- seniors  
(n=903,345) 
Post NIWH reduction:  680 
(401) 
Combined QALYs: 174.5 (98.6) 
QALY gain (£M): Max (Min): 
6.98 (3.94) 
NHS saving: Max (Min): 
£322,072 (£190,847) 
 
Flames and hot surfaces -- 
children (n=451,673) 
Post NIWH reduction:  224 
(112) 
Combine QALYs: 39.5 (19.8) 
QALY gain (£M): Max (Min): 
1.58 (0.79) 
NHS saving: Max (Min): 
£28,895 (£14,448) 
 
Mental health and wellbeing -- 
adults (n=451,673 + 903,345) 
Post NIWH reduction:  1189 
(595) 
Combine QALYs: 170.3 (85.2) 
QALY gain (£M): Max (Min): 
6.81 (3.41) 
NHS saving: Max (Min): 
£217,738 (£108,869) 
 
Mental health and wellbeing -- 
children (n=451,673) 
 
Post NIWH reduction:  594 
(297) 
Combine QALYs: 85.23 (42.62) 
QALY gain (£M): Max (Min): 
3.41 (1.71) 
NHS saving: Max (Min): 
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£189,490  (£94,745) 
 
TOTAL (£M) 
QALY gain: Max (Min): 45.80 
(25.36) 
NHS savings: Max (Min): 1.71 
(0.94) 
 
These total figures for 
monetized health impacts are 
equivalent to a “conservative 
maximum” offset of the cost of 
intervention of 42%.  
 
Imputing further benefits 
(based on Clinch & Healy model 
for Ireland) would create the 
following estimated offsets :  
Health : 42% offset; 
Employment (job creation, lost 
days from sickness and 
disability): 70% offset;  
Carbon reduction and energy 
savings 100% offset; 
Other (e.g. education benefits, 
social cohesion and crime 
reduction) : 10% offset 
 
Altogether this suggests that 
incorporating all the major 
benefits of a scheme such as 
NIWH could yield a 222% 
offset, indicating a 2.1 return 
on investment.   (Author notes 
that this resembles the return 
of the national retrofit program 
in New Zealand.


6
)  


 


51 Lidell C, 
Morris C, 


To 
determine 


Model-
based 


+ + The 
findings 


Kirklees, West 
Yorkshire; all 


Interventions 
(energy 


Health outcomes: 
mental well-being 


Mental health 
benefits Used 


Taking into account the 
difference between the cost of 


The cost-
benefit 
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Legdon S 
(2011) 
Kirklees 
Warm Zone. 
The project 
and its 
impact on 
well-being. 
University of 
Ulster, 
Northern 
Ireland.


51
 


the cost-
benefits 
of the 
Kirklees 
Warm 
Zone 
project (a 
£24 
million 
three year 
project 
started in 
2007) 
 


analysis; 
conducted 
from the 
public 
perspective
. The costs 
of the 
interventio
ns were 
compared 
to the 
monetised 
health 
benefits of 
the 
interventio
ns.  
 


and 
results 
are 
widely 
applicab
le to 
England
. 
 


households were 
eligible to 
housing 
interventions 
regardless of 
whether they 
were fuel-poor. 
Interventions 
were phased 
starting with 
most deprived 
wards but a 
special protocol 
was applied for 
vulnerable 
households (e.g. 
those with poor 
health, aged 60-
70 years with an 
income less than 
£20,000, those 
eligible for Warm 
Front)       
 


efficiency and 
home safety 
measures): 
42,999 
households 
(HHs) had loft 
insulation; 
21,473 HHs 
cavity wall 
insulations; 
5,838 HHs fire 
safety checks; 9, 
896 smoke 
alarms in 5,838; 
129,986  CO 
monitors; 602 
HHs central 
heating via local 
funding; 407 
central heating 
via Warm Front. 
Controls: same 
households pre-
intervention.  
 


(common mental 
disorder, depression, 
anxiety); physical health 
(injuries, deaths) 
 


statistical significant 
odds ratio from 
epidemiological 
studies associating 
self-reported 
housing condition 
with self-reported 
mental well-being 
outcome: mould 
(CMD); damp and 
mould (depression 
in mothers of young 
children); cold 
indoors (CMD); cut 
down on fuel 
(CMD); inadequate 
heating (repeat 
truancy among 
children).  
Used also 
statistically 
significant odds 
ratios from retrofit 
studies associating 
housing condition 
with mental well-
being: pre-
insulation (low 
happiness score, 
moderate to high 
stress); pre- central 
heating (moderate 
to high stress); pre-
central heating & 
insulation (poor 
mental well-being); 
draughty (anxiety 
and depression, low 
mental well-being 
score, moderate to 


intervention and the monetised 
health benefits, the net 
estimated savings were as 
follows: loft insulation 
£1,141,500; cavity wall 
insulation £1,140,000; home 
safety measures £1,300,500; 
central heating via local funding 
£758,520; central heating via 
Warm Front £512,820; total 
estimated savings: £4,853,340 
 


assessment 
had many 
assumption
s but no 
sensitivity 
or 
uncertainty 
analyses 
were 
carried out. 
It was not 
clear what 
the time 
horizon of 
the analysis 
was. Risk of 
double 
counting 
particularly 
in the 
mental 
health 
impacts.  
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high stress); 
condensation 
(anxiety and 
depression, 
moderate to high 
stress); lowest 
thermal comfort-
self reported 
(anxiety and 
depression, low 
well-being score, 
moderate to high 
stress); very/fairly 
dissatisfied with 
heating (anxiety 
and depression, 
moderate to high 
stress); very/fairly 
finding difficult to 
pay fuel fuels 
(anxiety and 
depression, low 
mental well-being 
score, moderate to 
high stress)  
Physical health 
benefits These are 
divided into two 
parts: (i) physical 
health associated 
with combined 
heating & insulation 
only using the 
Northern Ireland 
Cost Benefit 
Analysis (NICBA) 
model, and (ii) 
benefits associated 
benefits associated 
with the three 
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home safety 
measures (smoke 
detectors, fire 
hazard checks and 
CO monitors) 
Monetisation For 
interventions which 
affect both physical 
and mental health, 
the NICBA model 
(which uses the 
HHSRS system of 
estimating impacts 
of housing 
interventions) 
outputs health 
benefits in QALYs 
which are 
monetised using a 
value of £ 30,000 
per QALY gained 
(for interventions 
which affect mental 
health only, a 5 
year life span is 
assumed for mental 
health impacts). For 
health benefits 
associated with 
home safety 
interventions, value 
of statistical life 
(VSL) approach is 
used for 
monetisation.   
 


47 Grimes A, 
Denne T, 
Howden-
Chapman P, 


To carry 
out cost-
benefit 
analysis of 


A societal 
perspective 
was taken 
and a 


+ + The 
analysis 
was 
specific 


Cost-benefit 
analysis was 
undertaken of 
the Warm Up 


 The 
intervention 
population were 
the eligible 


Benefits and costs were 
estimated. The benefits 
included: reduction in 
energy use, saving in 


All the benefits 
were monetised. 
The cost-benefit 
analysis was carried 


The present value of the net 
benefit (total benefit – total 
cost) of the Warm Up New 
Zealand Hear Smart 


The 
economic 
modelling 
has many 
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Arnold R, 
Telfar-
Barnard L, 
Preval N, 
Young C 
(2011) Cost-
benefit 
analysis of 
the Warm 
Up New 
Zealand: 
Heat Smart 
Programme. 
Housing and 
Health 
Research 
Programme, 
University of 
Otago 
Wellington, 
and 
Department 
of 
mathematic
s, Victoria 
University of 
Wellington; 
prepared for 
Ministry of 
Economic 
Developmen
t, New 
Zealand.


47
    


the Warm 
Up New 
Zealand 
Heat 
Smart 
Program
me  


comprehen
sive cost-
benefit 
analysis 
was 
performed. 


to New 
Zealand 
but the 
findings 
are 
applicab
le to 
England 
if a 
similar 
progra
mme is 
underta
ken. 


New Zealand 
Hear Smart 
Programme. In 
this programme 
subsidies are 
provided towards 
the costs of 
retrofitting 
insulation and/or 
installing central 
heating in pre-
2000 dwellings. 
The level of 
subsidy depends 
on whether the 
householders 
hold Community 
Service Cards. 
The total number 
of houses where 
insulation 
retrofits were 
applied, were 
51,663 
(2009/2010) 
49,096 
(2010/2011) and 
is projected to a 
cumulative total 
of 178,259 by 
2013. The 
counterpart 
figures for clean 
heating 
installations 
were: 12,658 
(2009/2010), 
11,327 
(2010/2011) and 
projected to 


households who 
had the 
interventions 
under the 
programme. The 
control 
population did 
not get the 
interventions 
and were 
matched to the 
intervention 
population was 
by location, 
dwelling type, 
number of 
levels, age of 
dwelling, floor 
area, number of 
bedrooms, 
whether the 
house contained 
a garage, house 
construction 
material (walls 
and roof), 
whether or not 
the house was 
modernised, and 
building and 
roof condition).       
 


CO2 emissions (not 
included in the fuel 
price), improvement in 
health outcomes, 
producer surpluses 
(difference between the 
price and cost of supply 
of the housing 
interventions). The 
costs included: 
administrative costs of 
the programme, costs 
of raising revenue for 
the subsidies and the 
costs of the 
interventions.  The 
health benefits were 
measured in terms of 
changes in 
hospitalisation episodes 
(circulatory illness & 
respiratory illness), 
medication use and 
mortality. Other health-
related information (GP 
visits, sick days or days 
off school) were 
estimated.     
 


out over a time 
horizon of 10 years 
for clean heat 
system installations 
and 30 years for 
insulation. A 
baseline discount 
rate of 4% was used 
(and 2.5% and 8% 
were used as 
sensitivity analysis).   
 


Programme is $NZ million 1,214 
for d =4% ($NZ million 1,557 for 
d=2.5%, and $NZ million 660 
for d=8%). Most of the benefits 
were associated with 
healthcare savings ($NZ 1,561 
million, d=4%) compared to 
energy savings ($NZ 19 million, 
d=4%). The highest cost is that 
associated with installations 
($NZ million 197 for insulation 
& $NZ million 97 for heating 
system, d=4%); admin costs 
were $NZ million 23 (d=4%) and 
“deadweight cost of tax” were 
$NZ million 49.      
 


assumption
s. The 
sensitivity 
analysis was 
limited to 
discount 
rate and 
assumption
s on 
“additionalit
y” 
(additionalit
y refers to 
the 
proportion 
of 
installations 
that would 
have 
occurred 
without the 
programme)
.    
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cumulative total 
of 60,635 in 
2012/2013. 


49 Preval N, 
Chapman R, 
Pierse N, 
Howden-
Chapman P. 
Evaluating 
Energy, 
Health and 
Carbon Co-
Benefits 
from 
Improved 
Domestic 
Space 
Heating: A 
Randomised 
Community 
Trial. Energy 
Policy 2010; 
38(8): 3965-
72.


49
 


To carry 
out a cost-
benefit 
analysis of 
improved 
domestic 
space 
heating in 
New 
Zealand 
 


Societal 
perspective
; a model-
based cost-
benefit 
analysis to 
calculate 
the health 
benefits, 
energy 
savings and 
emission 
reductions 
from 
installing 
healthy 
heaters and 
comparing 
them with 
the cost of 
purchasing 
and 
installing 
the heaters 
 


+ + The 
findings 
of the 
study 
are 
applicab
le to 
England
. 
 


Economic 
analysis of a 
community trial 
conducted in 
New Zealand. 
The trial involved 
409 households. 
Key 
characteristics 
for inclusion of a 
household in 
trial: (i) current 
use of unflued 
gas heater or a 
plug-in electric 
heater the main 
source of heating 
(ii) include of a 
child (age 7-12) 
with doctor-
diagnosed 
asthma in the 
last 12 months     
 


Analysis based 
on data from a 
trial conducted 
over two winters 
in which 200 
households 
received the 
intervention 
(heat pump, 
pellet burner of 
flued gas heater) 
in the first 
winter 
(intervention 
group) and 209 
households 
(control at 
baseline) 
received the 
intervention in 
the second 
winter 


Health-related data: 
days of school (records 
& self-reported); days 
off work due to illness; 
visits to GP, nurse, after 
hours clinic, A&E, 
hospital, specialist for 
chest-related concerns 
(adults & children - data 
questionnaires); 
medications:  course of 
non-inhaled steroids, 
chest-related course of 
antibiotics (all children); 
puffs of asthma 
reliever,  
asthma preventer 
(children with asthma – 
daily diary records); 
caregiver savings 
Energy data: electricity 
company records and 
self-reported energy 
use questionnaires. 
Emissions data: changes 
in CO2 emissions 
(estimated reductions 
in external NOx 
andPM10 were noted 
but not analysed) ;  
 


The cost-benefit 
analysis uses a 12 
year-time horizon 
(lifetime of 
heaters). Two 
scenarios are 
simulated: A 
(targeted approach) 
and B (untargeted 
approach). Scenario 
A assumes that the 
average 
intervention 
household has a 
high proportion of 
asthmatic 
individuals (1.44 
children with 
asthma, 0.54 
children without 
asthma, 0.72 adults 
with asthma and 
1.23 adults without 
asthma). Scenario B 
assumes that the 
average 
intervention 
household has the 
average NZ asthma 
rates (0.30 children 
with asthma, 1.69 
children without 
asthma, 0.29 adults 
with asthma and 
1.66 adults without 
asthma). All 
benefits were 


The benefit to cost ratio for 
scenario A (assuming high 
asthma rates) was 0.34:1 
(assuming health related 
benefits only), 0.99:1 (assuming 
health related benefits and 
caregiver savings only) and 
1.09:1 (assuming health related 
benefits, caregiver savings and 
total energy-related savings); 
for scenario B, the counterpart 
benefit to cost ratios were 
0.07:1 (health-related benefits 
only), 0.22:1 (health-related 
benefits and caregiver savings 
only) and 0.31:1 (health related 
benefits caregiver savings and 
total energy-related savings).  
Scenario A (targeted approach) 
breaks even (1:09:1)  
 


The cost-
benefit 
model has 
many 
assumption
s e.g. 
householde
rs do not 
age over the 
time 
horizon of 
analysis or 
are replaced 
by 
householde
rs of the 
same 
characteristi
cs. Some 
sensitivity 
analysis was 
carried out. 
As the 
authors 
pointed 
there are 
various 
uncertaintie
s: caregiver 
savings 
(looking 
after ill 
householde
rs, value of 
CO2 saving, 
time 
horizon of 
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monetised (health-
related, energy and 
emissions) were 
monetised and all 
the interventions 
were costed 
(purchase and 
installation). Total 
benefit to cost 
ration were 
calculated. The 
analysis assumes a 
baseline discount 
rate of 5% and used 
10% as sensitivity 
analysis 


analysis). 
No 
uncertainty 
bounds 
were 
presented 
with the 
benefit to 
cost-ratios.     
 


56 Chapman R, 
Howden-
Chapman P, 
Viggers H, 
O'Dea D, 
Kennedy M. 
Retrofitting 
houses with 
insulation: a 
cost-benefit 
analysis of a 
randomised 
community 
trial. J 
Epidemiol 
Community 
Health. 
2009; 63(4): 
271-7.


56
 


To value 
the 
health, 
energy 
and 
environm
ental 
benefits 
of 
retrofittin
g 
insulation, 
through 
assessing 
a number 
of forms 
of 
possible 
benefit 


Cost-
benefit 
 
Perspective
: 
cost savings 
to the 
household 


+ +  Economic 
analysis applied 
to results of  a 
cluster 
randomised trial-
-the "Housing, 
Insulation and 
Health Study"--of 
retrofitting 
insulation in 
1350 houses, in 
which at least 
one person had 
symptoms of 
respiratory 
disease, in seven 
predominantly 
low-income 
communities in 
New Zealand. 


Housing retro-fit 
insulation 
measures 
 
RCT of 1350 
households 
(4407 people) 


- Visits to GPs 
- Hospitali-zations 
- Days off school 
- Days off work 
- Energy use 
- CO2 savings 


30-year time 
horizon 
 
Two discount rates 
assumed (5%, 7%) 
for alternative 
calculations 
 
 


Economic value of total benefits 
(cost savings, NZ$*) over 30-
year horizon 
 
 At annual discount  
        rate of 
 5% 7% 
Changed GP visits 
 165 133 
↓ hosp adm  
 2231 1801 
↓ days off schl  
 242 196 
↓ days off work 179
 145 
↓energy use 786
 635 
↓ CO2 emissions† 
 100 81 
TOTAL 3374 2857 
 
*NZ$1 = £0.29 or US$0.42 at 2 
Jan 2002 
†Valued at NZ$30/tonne  
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The overall cost of retrofitting 
per household in 2001 was 
NZ$1800  (excluding value 
added tax) 
 
Thus, total benefits in "present 
value" (discounted) terms are 
one and a half to two times the 
magnitude of the cost of 
retrofitting insulation.  
 
Conclusion: “From an 
environmental, energy and 
health perspective, the value 
for money of improving 
housing quality by retrofitting 
insulation is compelling.” 


19 Barton A, 
Basham M, 
Foy C, 
Buckingham 
K, 
Somerville 
M, Torbay 
Healthy 
Housing G. 
The 
Watcombe 
Housing 
Study: the 
short term 
effect of 
improving 
housing 
conditions 
on the 
health of 
residents. J 
Epidemiol 


To assess 
the short-
term 
health 
impacts of 
home 
energy 
efficiency 
(HEE) 
interventi
ons    


Cost-
effectivene
ss analysis 


+/
- 


+/- The 
study is 
generali
zable to 
other 
parts of 
England
. 


England: 
Watcombe 
Housing Study, 
Torquay, Devon. 
119 Properties 
(480 residents) in 
an estate of 
former council 
owned 
properties). 


Energy efficiency 
interventions 
randomised to 
waiting lists; 50 
properties  
selected for 
home energy 
efficiency (HEE) 
improvements in 
the first year 
(intervention) 
and the 
remaining 
properties 
(control) for the 
second year. 
HEE 
improvements 
included 
standard 
measures such 
as re-roofing, 


Health: general health 
questionnaires (SF36 & 
GHQ12), condition-
specific questionnaires 
(respiratory, 
musculoskeletal), 
health services contacts 
(primary care, A&E, 
hospital admissions); 
Non-health (for 
children): times lost 
from school; Costs: HEE 
costs; health service 
contacts   


Health service costs 
were estimated 
from health service 
contact data and 
HEE costs were 
obtained from 
Council records; 
cost-effectiveness 
analysis was carried 
out where only the 
benefits in terms of 
SF36 were analysed 


Interventions improved energy 
efficiency. There were no 
significant differences between 
intervention and control arms 
in the annual intervention net 
energy saving costs, health 
service contact costs, SF36 or 
GHQ12 scores. The CEA of 
incremental benefits in terms 
of SF36 scores showed that it 
was not possible to establish 
that HEE improvements are 
cost-effective. However there 
were significant benefits in 
terms respiratory symptoms 
(p=0.005 for non asthma 
related problems and p=0.007 
for asthma symptoms)   


As the 
authors 
pointed out, 
although 
residents 
reported 
improveme
nts in well-
being (via 
structured 
interviews) 
this was not 
reflected in 
health 
outcomes 
possibly 
because 
health 
benefits 
could time 
to accrue. 







163 


 


Community 
Health 2007; 
61(9): 771-
7.


19
 


full central 
heating, 
ventilation 
systems, double 
glazed doors, 
cavity wall, roof 
insulation and 
re-wiring) 


57 Levy JI, 
Nishioka Y, 
Spengler JD. 
The public 
health 
benefits of 
insulation 
retrofits in 
existing 
housing in 
the United 
States. 
Environ 
Health. 
2003; 2(1): 
4.


57
 


To 
estimate 
the health 
benefits 
associated 
with 
marginal 
energy 
usage 
reduction
s from 
housing 
retro-fit 
insulation 


Developme
nt and 
application 
of  risk-
based 
model to 
estimate 
the health 
benefits 
associated 
with 
marginal 
energy 
usage 
reductions 
from 
housing 
insulation 
retrofit  


+/
- 


+/- The 
approac
h and 
findings 
are 
applicab
le to the 
UK 
 


Hypothetical 
case study of 
insulation 
retrofits in single-
family homes in 
the United 
States. 


Model based. 
The simulated 
households with 
insulation 
retrofitted are 
the intervention 
and the 
comparator are 
the same 
simulated 
households pre-
intervention 


- Energy use savings 
 
- Air pollution-related 
emissions reductions 
and associated 
mortality/morbidity 
impacts 
 
(Health impacts of air 
pollution calculated using 
US EPA  (1999) methods: -- 
US EPA.  The Benefits and 
Costs of 
the Clean Air Act: 1990 to 
2010 Washington, DC, 
Office of Air and 
Radiation 1999, 
-- US EPA Regulatory 
Impact Analysis 
- Control of Air Pollution 
from New Motor Vehicles: 
Tier 
2 Motor Vehicle Emissions 
Standards and Gasoline 
Sulfur 
Control Requirements 
Washington, DC, Office of 
Air and Radiation 
1999) 


50 year time 
horizon. 
 
5% discount rate. 
 
 


Cost 
Total estimated cost of the 
increased insulation: US$37 
billion (<US$800 per existing 
single-family home available for 
retrofits). 
 
Energy savings and related 
costs 
Annual economic benefits 
associated with the energy 
savings: approx..US$5.9 billion 
per year, indicating a payback 
period of slightly over 6 years 
(assuming 
no change in the real price of 
fuel). 
 
With a real discount rate of 5%, 
the net present value of the 
economic savings 
(conservatively assuming a 50-
year lifetime for all homes) is 
approx..US$110 billion, 
implying a net economic 
savings (including the cost of 
insulation) on the order of 
US$80 billion. 
 
Monetized health impact (air 
pollution-related 
mortality/morbidity) 


Reviewer 
noted 
limitations 
(i) Only 
considers 
energy 
savings 
costs and 
health 
benefits 
associated 
with  
reduction in 
emissions of 
outdoor air 
pollutants 
(ii) Depends 
on US value 
of a 
statistical 
life and 
assumed 
fuel costs  
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When economic values are 
assigned to the mortality and 
morbidity outcomes, the 
environmental externalities 
averted are approx. US$1.3 
billion per year,  
99% of which is related to 
premature mortality. 
 
Adding the assumed value of a 
statistical life to the economic 
savings for the households 
would reduce the payback 
period from over 6 years to 
approximately 5 years, 
although this involves 
combining private and public 
benefits, has a simple 
characterization of the time lag 
of benefits, and does not 
include the upstream emissions 
from insulation manufacturing 
or fuel extraction and 
processing.  


44 Sefton T 
(2002) 
Targeting 
fuel poverty 
in England: 
is the 
Government 
getting 
warm? Fiscal 
Studies 23 
(3), 369-
399.


44
 


 


  To 
examine 
the cost-
effectiven
ess of the 
Home 
Energy 
Efficiency 
Scheme 
(HEES) 
introduce
d by the 
UK 
Governme
nt in 2001 
and 


The 
economic 
analysis is 
addressing 
four 
specific 
questions: 
(i) what is 
the impact 
of HEES on 
fuel 
poverty? (ii) 
what is the 
impact of 
HEES on 
fuel poverty 


+ + The 
analysis 
is 
applicab
le 
because 
it is UK-
based 


The setting is the 
UK and the 
population are 
low income 
householders. 
Low income 
householders 
and 
householders 
with disability 
are eligible to 
HEES grants up 
to £1,000 for 
energy efficiency 
measures 
including 


The setting is 
the UK and the 
population are 
low income 
householders. 
Low income 
householders 
and 
householders 
with disability 
are eligible to 
HEES grants up 
to £1,000 for 
energy efficiency 
measures 
including 


The key outcome 
measures are: (i) the 
fuel poverty gap (which 
is defined as the 
difference between 
what households can 
afford to spend - 
assumed to be 10% of 
the annual income - and 
what they need to 
spend to heat their 
homes satisfactory), (ii) 
number of eligible 
households to the grant 
scheme, (iii) number of 
HEES grants given, (iv) 


Two energy 
efficiency measures 
are simulated: 
Package 1 (basic 
insulation) and 
Package 2 (basic 
insulation + central 
heating system). 
Three scenarios are 
simulated: “Current 
HEES” (Package 1 
allocated randomly 
to households that 
meet original HEES 
criteria and Package 
2 only to old age 


 The summary of the key results 
are: percentage reduction in 
fuel poverty gap (Current HEES 
4%, Optimal HEES 33%, 
Realistic HEES 10%-14%), 
proportion of grant recipients 
who are not fuel poor (Current 
HEES 78%, Optimal HEES 0%, 
Realistic HEES 44% - 53%), 
average annual cost of 
improvement (Current HEES 
£76, Optimal HEES £118, 
Realistic HEES: £162-£169), 
average reduction in required 
heating costs per annum 
(Current HEES £97, Optimal 


The health 
impacts of 
the 
different 
scenarios 
were not 
quantified.  
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whether it 
can be 
improved 
by 
targeting 
 
 


if the 
scheme is 
targeted? 
(iii) could 
the scheme 
be re-
designed to 
make it 
more cost-
effective? 
(iv) what is 
the impact 
of “fuel 
poverty 
dynamics” 
(e.g.  
variation 
over time 
of 
householde
rs 
circumstanc
es and/or 
house 
moves) 


insulation and 
fixed heaters.  
Low-income 
older 
householders are 
eligible to HEES+ 
grants which go 
up to £2,000 
which can 
include in 
addition central 
heating systems.  
 


insulation and 
fixed heaters.  
Low-income 
older 
householders 
are eligible to 
HEES+ grants 
which go up to 
£2,000 which 
can include in 
addition central 
heating systems. 
The 
effectiveness of 
HEES is 
simulated in 
comparison to 
the absence of 
the scheme. 
Hypothetical 
variations on 
HEES eligibility 
are considered.  
 


proportion of grant 
recipients who are not 
fuel poor, (v) SAP 
rating, (vi) average 
annual cost of 
improvement, (vii) 
average reduction in 
required heating cost, 
cost-effectiveness ratio     
 


householders), 
“Optimal HEES” 
(Only fuel poor 
households are 
eligible to get the 
HEES grant and the 
package that is 
most cost-effective 
is allocated, 
“Realistic HEES”(the 
nearest pragmatic 
scheme to “Optimal 
HEES”, two sub-
scenarios are 
considered relating 
to the strictness of 
the eligibility 
criteria).  
 


HEES £328, Realistic HEES 
£252-£332), cost-effectiveness 
ratio (Current HEES 1.28, 
Optimal HEES 2.78, Realistic 
HEES 1.56-1.96).  
 
The main message is that the 
current HEES is unlikely to have 
a significant effect on fuel 
poverty and that targeting 
HEES is most cost-effective 
though acknowledging the 
complications of targeting 
because they require more 
information on householders. .  
Considering the dynamics of 
fuel poverty (i.e. households 
moving in and out of fuel 
poverty) strengthens the case 
further for targeting.       
     
 


48 Clinch JP, 
Healy JD. 
Cost-benefit 
analysis of 
domestic 
energy 
efficiency. 
Energy 
Policy. 2000; 
29(2): 113-
24.


48
 UCD 


Environment
al Studies 
Research 
Series WP 


An ex-
ante 
evaluation 
of 
Ireland’s 
programm
e to 
improve 
the 
thermal 
efficiency 
of its 
housing 
stock to 
the 1997 


A social 
perspective 
is taken for 
the 
economics 
analysis 
 


+ + The 
approac
h and 
conclusi
ons are 
applicab
le to 
England 


Analysis of a 
national 
programme of 
energy efficiency 
to bring the Irish 
housing building 
stock  up to the 
1997 standards 
over a 10 year 
period; involves 
retrofitting of 1.2 
million dwellings 
prior to before 
1997 


The 
interventions 
are  measures 
required to bring 
the pre-1997 
stock to the 
1997 standard, 
which include: 
fitting lagging 
jacket, roof 
insulation and 
roof upgrade, 
draught-
stripping, cavity 
wall insulation, 


Cost 
 
- Energy use 
- CO2 (GHG) emissions 
- CO2 
- SO2 
- NOx 
- PM10 
Mortality 
Morbidity 
Comfort 
 
Net Social Benefit  


All benefits were 
monetised. 
Mortality benefits 
were valued using 
the Value of 
Statistical Life (VSL) 
approach. 
Morbidity benefits 
were valued in 
terms of costs 
saving associated 
with hospitalisation 
averted and 
reduction in 
medication use. 


Costs, benefits and net social 
benefits under ‘predicted’ 
scenario (EuroM) 
 
Discount rate (%) 
0 3 5 8  10 
 
Costs 
-2066 -1766 -1601 -1395 -1280  
Energy 
6521   3775   2712  1731  1319   
CO2 
452 263 189 121 93 
SO2     
36 20 15 9 8 


Author 
identified 
limitations 
(1) 
assumption
s necessary 
about 
behaviour – 
e.g. comfort 
and savings 
on bills 
(2) Future 
energy 
prices 
(3) 
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ESRS 
00/02


58
 


Irish 
building 
regulation
s over a 
ten year 
period 


central heating, 
heating controls 
upgrade and 
double glazing.    


Reductions in 
energy use were 
mapped to fuel bill 
savings. 
Environmental 
benefits were 
valued in terms of 
reduction in 
emissions (CO2,SO2 
and NOx)multiplied 
by monetary values 
for unit reduction in 
the emissions. 
Comfort was 
monetised by 
valuing the 
proportion of 
energy savings 
foregone (the 
proportion of the 
maximum potential 
energy savings not 
realised).  Different 
discount rates were 
used as a sensitivity 
analysis (0%, 3%, 
5%, 8% and 10%) 


NOx 
17 10 8 5 4 
PM10 
438 255 184 118  91 
Mortality 
1494 1238 1100  929 835 
Morbidity 
110 75 58 42 34 
Comfort 
728     549        461    361    309 
Net soc benefit 
773 4417 3124 1920 1412  


Uncertainty 
in health 
impacts 
(4) Comfort 
benefits are 
particularly 
challenging 
because of 
assumption
s about 
extent to 
which 
households 
choose to 
forego 
energy 
savings. 
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Appendix 6: Example criteria for assessing study quality 
 


Quantitative interventions studies 


 Study: authors, year 


 Aim of study 


 Study design 


 Population and setting Source population, country (developed/non-developed), setting 


(e.g. primary care, school, etc), location (urban/rural), sample characteristics (age, sex, etc), 


eligible population (describe how individuals etc were recruited), state if the eligible 


population is representative of the source population, selected population (inclusion criteria 


etc), what % of eligible agreed to participate, potential sources of bias, excluded populations


  


 Methods of allocation to intervention/control  How selected individuals/clusters were 


allocated to intervention or control; how confounding minimized, and the intervention 


(what was delivered, where, how, by whom, to whom, etc); control/comparisons description 


(as above 


 Outcomes sample sizes at baseline; statistical power; details of all relevant outcomes 


and whether measures are objective or subjective or otherwise validated; follow-up periods 


 Methods of analysis if intention-to-treat or completer analysis used, or if adjustments 


made for any baseline differences in important confounders;  


 Results for all relevant outcomes, with CIs etc.  Note any results that impact on inequalities. 


 Limitations identified by authors, limitations identified by review team, evidence gaps 


and/or recommendations for future research, source of funding (e.g. Government (NHS), 


voluntary/charity, pharmaceutical company, role of funding organizations) 


 


Qualitative studies 


 Study: authors, year.  Citation  


 Research parameters Research questions.  Theoretical approach (e.g. grounded in theory, 


IPA) taken (if specified).  State how data were collected: what method, by whom, what 


settings, when 


 Population and sample selection  The population the sample were recruited from; how they 


were recruited.  Report how many participants were recruited; specific inclusion criteria; 


state specific exclusion criteria.   


 Outcomes and methods of analysis -- Description of method and processes of analysis.  Key 


themes relevant to this review (with illustrative quotations if available) Limitations 


identified by the authors. Limitations identified by the review team. 


 Limitations identified by review team  Evidence gaps and/or recommendations for future 


research.  Sources of funding -- e.g. government (NHS), voluntary/charity, pharmaceutical 


company, and the role of funding organizations. 
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Economic analyses 


Example for  CBA studies 


 Is there a well-defined question?  


 Is there a comprehensive description of alternatives? 


 Was one of the alternatives designated as the comparator against which the intervention 


was evaluated?  


 Is the perspective stated? (Is WTP the public-sector WTP or the aggregated individual WTP? 


Has the WTP been recalibrated when the basis for its calculation has not coincided with the 


perspective being used?)  


 Are all important and relevant costs and outcomes for each alternative identified? (Check to 


see if the study is of money-costs and 'benefits' which are savings of future money-costs.)


  


 Has effectiveness been established?  


 Are costs and outcomes measured accurately?  


 Are costs and outcomes valued credibly?  


 Have all important and relevant costs and outcomes for each alternative been quantified in 


money terms? (If not, state which items were not quantified, and the likely extent of their 


importance in terms 


 of influencing the benefit: cost ratio.)"  


 Are costs and outcomes adjusted for differential timing?  


 Has at least one of Net Present Value, B:C ratio and payback period been estimated? 


 Were any assumptions of materiality made?  


 Were all assumptions reasonable in the circumstances in which they were made, and were 


they justified?  


 Were sensitivity analyses conducted to investigate uncertainty in estimates of cost or 


benefits?  


 How far do study results include all issues of concern to users?  


 Are the results generalisable to the setting of interest in the review? (Country differences. 


Question of interest differs from the CBA question being reviewed.)  


 Have equity considerations been addressed in any way? 
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Abbreviations 


A&E Accident and emergency 
CI Confidence interval (95%) 
CMD Common mental disorder 
COPD Chronic obstructive pulmonary disease 
COLD Chronic obstructive lung disease 
CVD Cardiovascular disease 
EHS English Housing Survey 
EWD Excess winter death 
GHQ General Health Questionnaire 
HSE Health Survey for England 
ICD International Classification of Diseases (‘ICD-9’: 9th revision, ‘ICD-10’: 10th revision) 
OR Odds ratio 
PM Particulate matter (air pollutant) 
QoL Quality of Life 
RH Relative humidity 
RR Relative risk 
SAP Standard Assessment Procedure 
Tmax Maximum daily temperature 
Tmin Minimum daily temperature 
VOC Volatile organic compound 
YLD Years Lived with Disability 
YLL Years of life lost 
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Executive summary 
 


Background  This is the third part of the 2013/14 review for NICE on excess winter death and 


morbidity.  It is the fourth document in a series of evidence summaries and follows 


Introduction to the topic, Factors determining vulnerability to winter- and cold-


related mortality/morbidity (review 1) and Interventions and economic studies 


(review 2). Its focus is on quantitative, qualitative, grey and good practice evidence 


relating to the delivery and implementation of approaches for the prevention of 


excess winter deaths and morbidity and the health risks associated with cold 


weather and cold homes.  It is concerned largely with such issues as the 


identification and targeting of at-risk groups, and how protection measures can be 


effectively implemented. 


Methods The literature search, based on the same search methods used in the preceding 


reviews,  was undertaken in October 2013 on a wide range of databases and grey 


literature sources including, among others, MEDLINE, Social Policy and Practice, 


Social Science Citation Index, HMIC, PsycINFO, Avery Index and ICONDA 


International. The search strategies entailed a combination of subject indexing and 


free text search terms. Searches were limited to studies published in English, 1993-


2013, and relating to OECD countries. Studies were summarized and assessed for 


quality of evidence by two independent assessors, and their results reported by 


narrative synthesis. 


Results Relatively few studies were identified that provided objective assessments of the 


effectiveness of systems and approaches for protection against winter- and cold-


related mortality/morbidity.  Studies relevant to targeting have focused both on 


forecasting risk periods and the identification of at-risk individuals. Studies from the 


UK and France have shown the potential to predict periods of elevated risk using 


simple forecasting methods based on meteorological and other parameters, 


especially for disease exacerbation in COPD and for the overall pattern of mortality 


and hospital admission in relation to outdoor temperature.  However, the precise 


role and utility of forecasting remains undetermined, especially given that much of 


the burden of cold-related mortality/morbidity lies outside the periods of the most 


extreme cold.  Days of particular risk may nonetheless offer opportunities for 


communication and to promote actions needed to help reduce the overall burden of 


winter- and cold-related mortality/morbidity.  


  Disease registers and other methods have been used to identify individuals at high 


risk of winter mortality/morbidity and analyses of geographical data have been used 


to identify areas likely to contain a high proportion of individuals suitable for the 


targeting of housing interventions and the alleviation of fuel poverty. Although 


geographical markers can be used to identify important variations in fuel poverty 


risk, there are methodological limitations in their use and there are no detailed 


assessments of the degree to which the use of fuel poverty markers influences the 


cost-effectiveness of housing interventions. Further analyses suggest that the 
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prediction of cold homes can be problematic even with a reasonable level of data on 


household and housing characteristics.   


  Research evidence also suggests the potential importance of ensuring high uptake of 


influenza vaccination for the elderly and those with chronic illness, and uptake in the 


UK appears relatively favourable in international terms and has improved 


appreciably over time.  The switch from risk-based to age group-based targeting of 


the elderly in England and Wales has shown some suggestive evidence of association 


with lower levels of pneumonia and influenza mortality in older people in the first 6 


years after age group-based targeting began.  


  Rising fuel prices and the transition to a low carbon economy may both contribute to 


an increase in fuel poverty and, in the current UK policy environment, future energy 


efficiency programmes will in part be paid for by regressive levies on domestic 


energy bills which penalise financially disadvantaged households.  Strategies to 


enhance uptake of housing interventions are needed, although there remains limited 


evidence on the approaches most likely to achieve high uptake.  Studies from other 


European countries suggest there is need to take account of individual household 


circumstances to identify the policy approaches most likely to be successful in 


expanding home energy efficiency. The Cold Weather Plan for England, along with 


other documents, have proposed multi-faceted approaches to tackling winter 


mortality/morbidity, and integration of effort across agencies and sectors.  In 


particular, a recommendation is to use opportunities for closer partnership working 


with the community and voluntary sector to help reduce vulnerability and to support 


the planning and response to cold weather.  However, there is as yet very limited 


research evidence to demonstrate which aspects of such integrated approaches 


yield the greatest benefits. 


Conclusions A wide range of measures and approaches are important for tackling winter-and 


cold-related mortality and morbidity, with contributions across multiple agencies 


and sectors.  Among others, those include the health and care services, local 


authorities, the community and voluntary sector, those involved in emergency 


planning and preparedness, as well as carers and neighbours of vulnerable people.  


There appears to be a role to support high risk individuals during periods of greater 


risk (e.g. very cold or icy/snowy weather), as well as the improvement of 


understanding of risks and protection measures against cold-related risks in the 


population as a whole.  Long term measures, including infrastructure investments 


such as the improvement of home energy efficiency, are important as population-


wide measures, but may also be targeted to help maximize impact especially for 


vulnerable groups. However, there remains a paucity of evidence on the operation 


and effectiveness of most strategies and approaches intended to protect against 


winter- and cold-related illness. Qualitative evidence suggests partnership working 


and integration may be important. More research and monitoring is needed to 


improve the evidence base to ensure well-designed programmes of health 


protection.  







6 


 


 
Roles in the review process 
 
The search strategy was developed by Steve Duffy and Paul Wilkinson in consultation with NICE.  
The selection of studies to include in the review was made by James Milner and Paul Wilkinson. All 
contributed to summarizing of the research evidence and the assessment of the quality of 
published studies, with individual contributors assessing studies in their area of expertise. All 
studies were independently reviewed two members of the review team, and assessment scores 
agreed (PW, JM, MP, LJ).  


 
Conflicts of interest 


 
All members of the research team undertake research relevant to the subject of this review, and 
have received and continue to receive, research funding from a range of funding organizations.  
These have included: 


- The European Commission 
- The European Climate Foundation 
- UK Government departments 
- The UK Research Councils (EPSRC, ESRC, MRC, NERC) 
- The Wellcome Trust 


  







7 


 


1 Introduction 
 


1.1 Context 


This is the third part of the 2013/14 review for NICE on excess winter death and morbidity.  It is the 


fourth document in a series of evidence summaries and follows Introduction to the topic, Factors 


determining vulnerability to winter- and cold-related mortality/morbidity (review 1) and 


Interventions and economic studies (review 2). Its focus is evidence relating to the delivery and 


implementation of approaches for the prevention of excess winter deaths and morbidity and the 


health risks associated with cold weather and cold homes.  It is concerned with such issues as the 


identification and targeting of at-risk groups, and how protection measures can be effectively 


implemented. 


It thus focuses more on practical and operational questions which are important to any programme 


of health protection against winter death/morbidity, but which are also often poorly researched. The 


literature is even more varied in type and quality than that covered in previous evidence reviews.  


Some good practice guides and theoretical policy analyses have been included to give indication of 


current thinking and debates even though these are not based on empirical primary research. 


The findings will both help to inform multi-faceted programmes of intervention and highlight the still 


substantial research gaps. 


 


1.2 Aims 


To review quantitative, qualitative, grey and good practice evidence relating to the delivery and 


implementation of approaches for the prevention of excess winter deaths and morbidity and the 


health risks associated with cold weather and cold homes, and the cost-effectiveness of such 


approaches.  


Specifically: 


 Identification and analysis of evidence on the impact of systems and strategies in local 


authorities and health services that support an integrated approach to 


(i) the identification of risk and vulnerability and 


(ii) the delivery and implementation of effective interventions and healthcare services, 


for example: 


 methods to establish registers of those at risk, including scrutiny of data from health records, 


local authority housing tenancies and intelligence from a range of community services 


 strategies to access at risk and vulnerable populations, increase uptake and enhance 


acceptability 


 emergency planning strategies  


 


 


1.3 Research questions 
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Specific questions 


 What systems and strategies have been used to identify vulnerable and at risk populations and 
what impact do they have?   


 What activities and interventions support the effective delivery and implementation of 
approaches to reduce excess winter deaths and the negative health consequences of cold 
weather? 


 What influences the effectiveness of systems in delivering an integrated approach to addressing 
risk and vulnerability? 


 What are the most effective methods for accessing at risk and vulnerable sub-populations? 


 What approaches increase uptake and enhance acceptability of effective interventions? 


 What facilitators and barriers influence the delivery and implementation? 
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2 Methods 


Literature searches were undertaken to identify studies primarily about excess winter deaths. The 


searches were also designed to identify studies about seasonal morbidity, fuel poverty, cold housing, 


energy efficient housing, winter related accidents and health forecasting.  The search strategies 


were devised using a combination of indexed keyword terms and free text search terms appearing in 


the title and/or abstracts of database records. Search terms were identified through discussion 


between the research team, by scanning background literature and ‘key articles’ already known to 


the project team, and by browsing database thesauri.  


The literature search involved searching a wide range of databases October 2013 and grey literature 


resources. Databases searched included: MEDLINE, Social Policy and Practice, Social Science Citation 


Index, HMIC, PsycINFO, Avery Index and ICONDA International. The searches were limited to the last 


twenty years (1993-2013) and to English language publications only.  


The following databases and resources were searched:  


 MEDLINE and MEDLINE In-Process 


 EMBASE 


 Social Policy & Practice 


 Science Citation Index (SCI) 


 Social Science Citation Index (SSCI) 


 Conference Proceedings Citation Index- Science (CPCI-S) 


 Conference Proceedings Citation Index- Social Science & Humanities (CPCI-SSH) 


 Health Management Information Consortium (HMIC) 


 PsycINFO 


 Cochrane Database of Systematic Reviews (CDSR) 


 Database of Abstracts of Reviews of Effects (DARE) 


 Cochrane Central Register of Controlled Trials (CENTRAL) 


 Health Technology Assessment (HTA) database 


 NHS Economic Evaluation Database (NHS EED) 


 EconLit 


 CEA (Cost-Effectiveness Analysis) Registry 


 RePEc: Research papers in Economics 


 Campbell Library 


 Trials Register of Promoting Health Interventions (TRoPHI) 


 Database of Promoting Health Effectiveness Reviews (DoPHER) 


 Scopus 


 Avery Index 


 ICONDA International 


 PsycEXTRA 


 NICE Evidence 


 OpenGrey 


 RIBA Catalogue (Royal Institute of British Architects) 


 NYAM Grey Literature Report (New York Academy of Medicine) 
 


Details of the MEDLINE and other database search strategies and their results are given in Appendix 


2. 







10 


 


As a number of databases were searched, some degree of duplication resulted.  The titles and 


abstracts of bibliographic records were downloaded and imported into EndNote bibliographic 


management software to allow removal of duplicate records and subsequent processing. 


In addition, searches were made of selected relevant websites including:  


• http://www.eagacharitabletrust.org/ (EAGA Charitable Trust) 


• http://www.euro.who.int/en/health-topics/environment-and-health/Housing-and-health 


(The World Health Organization Regional Office for Europe) 


• http://www.energysavingtrust.org.uk/ (The Energy Saving Trust) 


• http://www.cse.org.uk/ (The Centre for Sustainable Energy) 


Additional searches were made of websites of key research groups in the UK and elsewhere. 


 
Inclusion/exclusion criteria for review  
 
Inclusion 


- Quantitative and qualitative (mainly) primary research papers and reports presenting 
evidence on the delivery and implementation of strategies aimed at reducing the risks of 
winter- and cold-related mortality/morbidity, including the effects of snow and ice 


- Studies of populations in countries which are members of the Organization of Economic 
Cooperation and Development (OECD) 


- Publication year 1993 onwards 
- English language 


 
Exclusion 


- Publications as conference abstracts only or as simplified summaries without details of 
research design and methods 


 
The papers include one review paper (relevant to influenza vaccine effect) and two papers 
containing non-primary research. 
 
 
  



http://www.eagacharitabletrust.org/

http://www.euro.who.int/en/health-topics/environment-and-health/Housing-and-health

http://www.energysavingtrust.org.uk/

http://www.cse.org.uk/





11 


 


Flow chart of number of studies identified from different sources and numbers excluded at different stages of 
process and reasons for exclusion 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Quality appraisal processes including consistency checking within and between appraisers, 
moderation at data extraction and analysis stages 
 
Quality appraisal was made using the criteria and process for assessing quantitative observational 
studies and qualitative studies as outlined in the Methods for the development of NICE public 
health guidance (third edition) Sept 2012. See Appendix 6.   


All evidence summaries were extracted by one reviewer and agreed/supplemented by the second 
reviewer.  There was generally good agreement between reviewers. 


 


Criteria for applicability 
 


16,143 
unique studies after removal of 


duplicates 


91 relevant by title 


24 
selection for review 


28 
final selection  


(includes 1 review and 3 non-
primary research papers) 


16,052 exclusions after 


selection by title 


67 exclusions after review 


of abstracts/papers 


26,641  
studies identified 


10,498 duplicate studies 


4 additions from other 


searches 
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Studies were included if they contained data relevant to the delivery and implementation of 
strategies aimed at reducing winter- and cold-related mortality/morbidity rather than just 
measures of effect.  Given the nature of the question, we included papers reporting policy and 
similar analyses where they were directly pertinent to the aim. 


We selected papers from countries in the Organization of Economic Cooperation and Development. 


 


Methods of synthesis and data presentation. 
 
Studies were summarized by narrative description, highlighting main findings and strengths and 


weaknesses.  Each description of evidence is concluded with an ‘evidence statement’ that attempts 


to sum up the number and strength of studies pointing to particular conclusions. 
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3 Findings 
 
The findings will be presented firstly in relation to the identification of risk and vulnerability, both 


with regard to time (i.e. the forecasting of risk periods) and person, then with regard to strategies 


for the increased uptake of relevant interventions /services, and lastly the integration of activities. 


 


3.1 Identification of risk and vulnerability 


3.1.1 Targeting by time: forecasting risk periods 


Several studies have considered the degree to which periods of vulnerability, especially for high risk 


groups, are predictable on the basis of time-varying risk factors, notably periods of low temperature 


and seasonal infections. Such studies are relevant to the concept of health forecasting and alert 


systems, which have been the basis of interventions aimed at the anticipatory care of patients with 


chronic obstructive pulmonary disease (COPD), as well as other high risk groups and more general 


warnings, such as the alerts implemented as part of the Cold Weather Plan for England. 


In France, Laaidi et al (2013)1 used time-series models to identify mortality-relevant thresholds from 


simple meteorological indicators to identify periods of dangerous cold as a basis of an alert system 


to trigger preventive measures.  Such measures were mainly directed at homeless people, while 


actions focussing on the general population were mostly limited to providing advice on protection 


against exposure to cold. For the success of such an alert system they noted the importance of 


simplicity, reactivity, adaptability, and the ability to prevent health impact through specific 


measures.  They identified a combination of minimum and maximum temperatures as the best 


indicator to predict the health impact of cold, and defined optimal thresholds for action in Paris at -


9C and -2C for minimum and maximum temperatures respectively, while thresholds in Marseille 


were -3C and +4C. When both thresholds are reached in a given city, the risk of excess mortality is 


greater than 15%.  They concluded that simple meteorological parameters could be used to identify 


dangerous cold episodes and help promote communication, although the study did not include a 


systematic assessment of the prediction characteristics and consequences of false positive and 


negative forecasts.  


In a similar vein, Chalabi et al. (2005)2 examined the forecasting of risk periods for patients with 


COPD as part of the Met Office Health Forecasting project for primary care and NHS trusts. Analyses 


of emergency hospital admissions data showed the risk of COPD admission to be variable (more than 


fourfold week-to-week variation across the year) and the risk to be largely and fairly reliably 


predictable from season, meteorological parameters, and measures of infectious disease activity.  


Emergency hospital admissions as a whole were much less variable than those for COPD. They 


concluded that such predictability offers the theoretical basis for improving the management of 


COPD patients through forecast-responsive care pathways, although formal assessment of the 


effectiveness of the responses to alerts was not undertaken.   


Halpin et al (2011)3 also reported on the predictability of periods of high risk in their randomised 


controlled trial (n=79 patients) of the effect of automated interactive calling combined with a health 
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risk forecast on the frequency and severity of exacerbations of COPD.   The exacerbation frequency 


per patient per week was significantly greater during periods of predicted high risk (0.086 +/- 0.010 v 


0.055 +/- 0.010), and the authors concluded that the ability of the forecast to predict high risk 


periods was clear.  However, as reported in the previous review, this and other studies of health 


forecasting in COPD have yet to provide unequivocal evidence of benefit in reducing the frequency 


and severity of exacerbations.   


In the recent evaluation of the Cold Weather Plan for England, Chalabi et al4  provided temperature-


mortality and temperature-morbidity functions by region to help inform alert thresholds. However, 


an important observation was that only a small proportion of cold-related deaths and hospital 


admissions occur in association with the very coldest days. Thus, although alerts may identify 


periods of greatest relative risk, the burden of cold-related mortality and morbidity is widely 


distributed throughout the winter period and beyond. 


What the studies suggest is that periods of elevated risk, especially for patients who are particularly 


vulnerable to the effects of cold, are largely predictable using a health forecasting system, but it is 


not yet clear what contribution such forecasts can make to the cost-effective improvement in clinical 


management. 


  


3.1 EVIDENCE STATEMENT – forecasting risk periods 


A study from France1 (quality rating +), as well as two studies of the Met Office COPD forecasting 


system in the UK (+)2 3 and of the Cold Weather Plan for England (++)4 provide evidence that periods 


of elevated risk for COPD patients and other target groups are predictable from forecast systems 


based on relatively simple meteorological parameters and other time-varying factors. However, 


periods of very high relative risk account for only a small proportion of cold-related mortality and 


morbidity burdens, and the value of using such forecast information to improve clinical management 


and wider prevention measures remains to be established. 


 


3.1.2 Targeting by area and person 


The identification of vulnerable groups through primary care registers has been explored by Bull and 


colleagues (2010),5 who informed their selection algorithm by a simple analysis of the pattern of 


excess winter deaths across the West Midlands.  Using this analysis, the health improvement 


directorate of the PCT developed an algorithm of eligibility for use by a range of health and social 


care professionals within the PCT to help reduce fuel poverty and improve winter warmth. The plan 


has been applied to target patients on the GP COPD registers and other vulnerable adults.  Although 


described as a simple and useful tool, no evidence was presented on the performance of the 


algorithm and the degree to which it has helped target resources to those in most need.  


A French study by Dubois (2012)6 also considered the targeting of vulnerable groups specifically in 


relation to the identification of fuel poor households and the need for housing interventions. The 


paper notes that both the targeting/identification of vulnerable households and implementation of 
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measures are potentially costly and can face feasibility problems. This is particularly true in the case 


of fuel poverty policies, because of its multidimensional nature -- being a function of household 


income, the energy efficiency of the dwelling and its heating devices, and the source and cost of 


energy supplies.  Again, the authors do not present diagnostic evidence on the performance of their 


proposed targeting framework, but they note that the identification of fuel poor households is key 


to its success. 


In the UK various studies have examined the issue of identifying households who might benefit from 


home energy efficiency interventions or fuel poverty measures.  Walker and colleagues (2012),7 


present an evidence-based approach to targeting fuel poverty in Northern Ireland noting that to 


date the targeting of policies has been poor, as those in greatest need cannot be identified easily. 


They therefore use an area-based approach using Geographic Information Systems (GIS) techniques 


to develop a small area fuel poverty risk index using a range of environmental and socio-economic 


variables. This index shows both large- and small-scale spatial variability in fuel poverty risk. These 


authors interpret their evidence of spatial concentration of fuel poverty risk as justifying the 


implementing fuel poverty strategies based on area assessments which may have the potential to 


guide policy-makers and improve the cost-effectiveness of anti-fuel poverty policies. 


Other groups have also developed area markers of fuel poverty.  They include Baker et al. (2003)8 


who describe the development of a method for predicting fuel poverty at small area level using 2001 


census and 2001 English house condition survey data and discusses validation of the indicator and 


future development. This report also includes a comparison of the fuel poverty index (FPI) with other 


indicators.  This approach is taken further by Fahmy et al. (2011)9 who describes the development of 


a series of models for predicting the incidence of fuel poverty in England at a small-area level and 


examines the adequacy of the modelled results in informing our understanding of the geography of 


fuel poverty.  Their analyses suggest that the incidence and spatial distribution of fuel poverty is 


highly sensitive to the way in which household incomes are measured. 


None of these studies has provided a detailed analysis of what the use of area-based fuel poverty 


markers may achieve in improving the targeting of fuel poor households, and hence the cost-


effectiveness of intervention programmes.  A study which examined the ability to predict low indoor 


temperatures suggest that precise targeting may be a substantial challenge.  Hutchinson and 


colleagues (2006)10 investigated the extent to which homes with low indoor-temperatures can be 


identified from dwelling and household characteristics based on an analysis of data from a national 


survey of dwellings, occupied by low-income households, scheduled for home energy-efficiency 


improvements in five urban areas of England: Birmingham, Liverpool, Manchester, Newcastle and 


Southampton. Detailed monitoring data of indoor temperatures was used to identify cold-homes in 


which standardized daytime living-room and/ or nighttime bedroom-temperatures were < 16 


degrees C (when the outdoor temperature was 5 degrees C). Overall, 21.0% of dwellings had 


standardized daytime living-room temperatures < 16 degrees C and 46.4% had standardized 


nighttime bedroom-temperatures below the same temperature. Standardized indoor-temperatures 


were influenced by a wide range of household and dwelling characteristics, but most strongly by the 


energy efficiency (SAP) rating and by standardized heating costs. However, even using these 


variables, along with other dwelling and household characteristics in a multi-variable prediction 


model, it would be necessary to target more than half of all dwellings in the sample to ensure at 


least 80% sensitivity for identifying dwellings with cold living-room temperatures. An even higher 
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proportion would have to be targeted to ensure 80% sensitivity for identifying dwellings with cold-


bedroom temperatures. Their conclusion was that property and household characteristics provide 


only limited potential for identifying dwellings where winter indoor temperatures are likely to be 


low, presumably because of the multiple influences on home heating, including personal choice and 


behaviour. This suggests that the highly selective targeting of energy-efficiency programmes is 


difficult to achieve if the primary aim is to identify dwellings with cold-indoor-temperatures. 


 


3.2 EVIDENCE STATEMENT – targetting households in fuel poverty 


Studies which have examined methods for identifying at risk households, specifically those in fuel 


poverty who would benefit most from housing interventions, have used both an individual and area-


based approaches. However, most of these studies give only limited assessments of the degree to 


which the targeting of interventions can be improved by the use of such selection algorithms. This 


includes a UK study reporting a household-based selection algorithm (not primary research, not 


rated)5 as well as a French study that considers targeting from a largely theoretical perspective (+)6 


and three studies of area-based markers in the UK (all +).7 8 9 A more analytical UK study (++)10 


suggests that the identification of the coldest homes is difficult even with reasonable information on 


household and dwelling characteristics. 


 


3.2 Strategies to access at risk and vulnerable populations, increase uptake 


and enhance acceptability 


3.2.1 Uptake of services: vaccination 


Several studies have examined the role of influenza vaccination and its uptake in target groups.  


Elderly people and those with long-term medical conditions are targets for influenza vaccination, 


although a recent systematic review by Michiels et al. (2011)11 on the effectiveness and risks of 


inactivated influenza vaccines in different target groups reported inconsistent results in studies 


among children younger than 6 years, individuals with COPD, institutionalised elderly (65 years or 


older), elderly with co-morbidities and healthcare workers in elderly care homes.  However, a US 


study by Nichol (1998)12 on the benefits of influenza vaccination for low-, intermediate-, and high-


risk senior citizens concluded that healthy senior citizens as well as senior citizens with underlying 


medical conditions are at risk for the serious complications of influenza, benefit from vaccination 


and should be immunized. 


An early study on the effectiveness of the targetting of influenza vaccination at high risk individuals 


(those who have chronic heart, chest, or kidney disease; people who have diabetes; people who are 


immunocompromised owing to treatment or disease; and people living in residential 


accommodation but not (at the time) routine immunisation of elderly people) was caried out by 


Watkins (1997).13  His analysis of the immunization patterns in practices in Gwent showed that under 


half of those patients identified as high risk and recommended for vaccination received it: only 63% 


of patients with heart disease, 39% with diabetes, 41% with asthma, and only one in three of those 
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over 75. One quarter of all doses were given to patients at low risk. The study shows that advice 


from general practitioners accounted for 40% of all those being vaccinated, most of the remainder 


resulting from self referral by patients on an annual basis or on advice from the practice nurse. 


Under 4% of patients were recruited by proactive methods such as telephone, letter, or a message 


on repeat prescriptions; 80% were recruited opportunistically. Poster campaigns had little influence 


in targeting those who would most benefit. There was no significant difference in uptake rates 


between practices according to whether they were training practices or fundholders, had more than 


two partners, or occupied costrent premises. There was also no relation with list size, though those 


practices with the highest vaccination rates had the highest uptake in those who would most 


benefit.  Personal advice from a general practitioner or practice nurse during the vaccination period 


was the greatest stimulus to vaccine uptake. There was little evidence of practices using vaccination 


registers to plan their vaccination programmes, and other health workers, though targeting risk 


groups correctly, did so infrequently. 


A later UK study by Breeze et al. (2004)14 focused on the uptake  of influenza vaccination among 


people aged over 74 years, 1997-2000, using data from a survey of 73 general practices in Britain.  


Influenza vaccination policy for elderly people in Britain had changed twice since the 1997 Watkins 


study to increase protection against influenza.  Data from the 73 pratices with sufficient data for 


analysis showed overall uptake among the elderly to be 48% (95% CI 45%, 55%) in 1997 and did not 


increase substantially until 2000 when the uptake was a third higher at 63% (50%, 66%). Vaccination 


uptake was lower among women than men (RR 0.9), people aged 85 or more compared to people 


aged under 80 (RR 0.9), those in the most deprived areas (RR 0.8) compared to the least deprived, 


and was relatively high for those in owner-occupied homes with central heating compared to other 


non-supported housing (RR for remainder = 0.9). This pattern did not change over the years studied. 


The authors concluded that the increased uptake in 2000 may have resulted from the additional 


financial resources given to practices; it was not at the expense of more disadvantaged 


socioeconomic groups but nor did they benefit disproportionately. 


Two years later a cross-sectional postal survey of older peoples' (aged 74+ years) views on influenza 


vaccination uptake by Mangtani et al. (2006)15 reported 85% of men and 75% of women were 


vaccinated against influenza in the previous year. Over 80% reported being influenced by a 


recommendation by a health care worker. The most common reason reported for non uptake was 


good health (44%), or illness considered to be due to the vaccine (25%). An exploration of the crude 


associations with socio-economic status suggested there may be some differences in the population 


for two main reasons: 81% of people reporting good health lived in owner occupied housing with 


central heating vs. 63% who did not state this as a reason (p = 0.04), whereas people reporting ill 


health due to the vaccine was associated with poorer social circumstances. 11% lived in the least 


deprived neighbourhood compared to 36% who did not state this as a reason (p = 0.05) and were 


less likely to be currently married than those who did not state this as a reason (25% vs 48% p = 


0.05). Thus, although vaccine uptake was good,  1 in 4 women and 1 in 7 men aged over 74 years did 


not take it up. Around 70% reported they would not have the vaccine in the following year. The 


divergent reasons for non-uptake, and the positive influence from a health care worker, suggests 


further uptake will require education and encouragement from a health care worker tailored 


towards the different views for not having influenza vaccination.  
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The same group subsequently reported the impact on mortality due to pneumonia or influenza from 


the change from risk-based to age group-based targeting of the elderly for yearly influenza 


vaccination in England and Wales.16  This study was based on time-series analyses for England and 


Wales of people aged 65-74 and 75+ years whose deaths were registered to underlying pneumonia 


or influenza between 1975/1976 and 2004/2005. The effect on average excess pneumonia and 


influenza deaths each winter in the 4-6 winters since age group-based targeting of vaccination was 


introduced (in persons aged 75+ years from 1998/1999; in persons aged 65+ years from 2000/2001) 


was estimated using multivariable regression adjusted for temperature, antigenic drift and vaccine 


mismatch, and stratified by dominant circulating influenza subtype.  There was lower average excess 


mortality in the six winters after age group-based targeting began compared to before, though CI for 


the 65-74 years age group includes zero difference. Trend in baseline pneumonia and influenza 


mortality shows an apparent downward turning point around 2000 for the 65-74 years age group 


and from the mid-1990s in the 75+ years age group.  This evidence is interpreted as weakly 


supportive that the marked increases in vaccine coverage accompanying the switch from risk-based 


to age group-based targeting of the elderly for yearly influenza vaccination in England and Wales 


was associated with lower levels of pneumonia and influenza mortality in older people in the first 6 


years after age group-based targeting began.  


Elsewhere, recent studies have examined the uptake of influenza vaccination in the USA,17 


Germany18 and Spain. 19  Takayama’s study (2012)17 of the characteristics associated with the uptake 


of influenza vaccination among adults in the United States was based on data from  the 2009 


Behavioral Risk Factor Surveillance System to estimate adjusted prevalence ratios for receiving the 


influenza vaccine in the past 12 months.  Among 134,101 adults aged 65 years, the influenza 


vaccination coverage level was 68.9%. Having health care coverage was the strongest predictor of 


vaccination in both age groups, after accounting for other sociodemographic characteristics, health 


behaviors, and health status. Those reporting older age, white race, higher education, non-smoking 


status, being physically active, or having poor physical health or a personal history of various chronic 


conditions were also more likely to report having received the influenza vaccine. 


In Germany, Bohmer et al. (2011)18reported a telephone survey of 21,262 household-interviews 


representative of the adult population in Germany. Influenza vaccination coverage in the target 


population (i.e. persons >=60 years, chronically ill, healthcare workers) was 44.1%. Persons who 


received professional vaccination advice within the past five years were more frequently vaccinated 


against (tetanus and) influenza than persons without. Private physicians were identified as the most 


important source for vaccination advice; other factors included: having a statutory health insurance, 


last physician contact < 1 year ago, and living in the eastern part of Germany , while low socio-


economic status, migration and the feeling of being insufficiently informed on the benefits of 


vaccination were independently associated with low uptake. 


A Spanish study by Santos-Sancho et al. (2012)19 compared influenza vaccination coverage among 


Spanish adults suffering COPD using data (n=15,355) from the European Health Survey performed in 


Spain in 2009/10, of whom 1,309 (8.2% 95% CI 7.7-8.7) had COPD.  Overall vaccination coverage 


among those with COPD is 49.4% (95% CI: 46.3-52.5%) and 21.3% (95% CI: 20.7-21.9) among people 


without (p < 0.001). The probability of being vaccinated is three times greater for COPD patients 


(crude OR = 3.0, 95% CI: 2.6-3.5). Among COPD patients the uptake of vaccination increased with 
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age, being male, perceiving one's health as fair or poor, not smoking, and having seen a doctor 


during the previous month.  


 


3.3 EVIDENCE STATEMENT – vaccine efficacy 


A review of infuenza vaccine efficacy in the elderly (++)  suggests inconsistent evidence about the 


efficacy of influenza vaccination in individuals with COPD, institutionalised elderly (65 years or 


older), elderly with co-morbidities, while an earlier US study (+)
12 concluded that healthy senior 


citizens as well as senior citizens with underlying medical conditions are at risk for the serious 


complications of influenza and benefit from vaccination.  Several studies in the UK have shown a 


favourable trend of increasing uptake of influenza vaccination among the elderly (all +)13 14 15 16 , with 


reasonable, but imperfect, coverage in the elderly, and a positive effect of the switch from risk-


based to age group-based targeting of the elderly for yearly influenza vaccination in England and 


Wales (++). 16 Other studies from the USA(+),17 Germany(+)18 and Spain(+)19 have reported 


generally lower vaccination coverage than in the UK with varying determinants of uptake. 


 


3.2.2 Schemes for promoting housing interventions or fuel poverty relief 


An important context for the housing interventions and the relief of fuel poverty in the UK is that of 


rising fuel prices and the transition to a lower carbon economy.  Ekins and Lockwood (2011)20 have 


identified that the transition to a low-carbon economy is expected to increase levels of fuel poverty, 


and suggests actions is needed on two main drivers of fuel poverty: low incomes and the energy 


inefficiency of homes.  A further National Energy Action report by Stockton and Campbell (2011) for 


the Joseph Rowntree Foundation21 also examined this issue and concluded that (future) energy 


efficiency programmes will be paid for by regressive levies on domestic energy bills which penalise 


financially disadvantaged households.  They concluded that targeting hard-to-treat properties 


occupied by the most financially disadvantaged would be the most equitable use of (government) 


resources. 


How the effect of support for housing interventions can be maximized  has been considered by 


Kuholski and colleagues (2010),22 who propose a ‘one-touch approach’ to energy and housing 


programs and policies. Their thesis (it is not an empirical evaluation) is the need to escape from 


‘silos’, which have contributed to fragmented service delivery and inefficient use of scarce resources 


by the agencies providing these services. A "one-touch" approach for home interventions that 


strategically integrates public health and energy efficiency has many potential direct and indirect 


benefits. 


Armstrong et al (2006)23 examined some of the impediments to uptake of housing interventions, and 


found that even the offer of free installation of central heating to an elderly community has limited 


uptake. They examined the success of a local initiative to provide free installation of central heating 


for a group of elderly people monitored through its different stages. Of 1181 tenants approached, 


only around one-quarter finally received central heating within the year.  The reasons for the low 
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uptake included inaccuracies in estimating those eligible as well as tenants' worries over upheaval 


and mess, health concerns and fear of increased heating costs. 


In other many other countries, the main driver for home energy efficiency upgrades is climate 


change and energy policy rather than fuel poverty and winter mortality/morbidity.  Given different 


policy environments and other context, the relevance to the improvement of housing stock in the UK 


is limited.  Nonetheless, some points of principle are relevant.  


Weis et al. (2012)24 reported the experience in Germany, a country with relatively good housing 


stock and progressive policies.  The improvement of the energy efficiency of the existing housing 


stock is mainly motivated by regulatory instruments and subsidy programmes, together with 


communication. Success has been sub-optimal, however, with still a large potential for energy 


savings. The authors conclude that the specific situation homeowners face, coupled with an analysis 


of the energy saving potentials of their buildings, are important for understanding the mix of 


instruments that will purposefully encourage the most effective refurbishment measures. 


An analysis of the situation in Sweden by Nair et al. (2010)25 ("Factors Influencing Energy Efficiency 


Investments in Existing Swedish Residential Buildings.") was based on data from a survey conducted 


in 2008 of 3,000 owners of detached houses to analyse the factors that influence the adoption of 


investment measures to improve the energy efficiency of their buildings. For the majority of 


homeowners, it was important to reduce household energy use.  Most undertook no-cost measures 


as compared to investment measures. Personal attributes such as income, education, age and 


contextual factors, including age of the house, thermal discomfort, past investment, and perceived 


energy cost, influence homeowners' preference for a particular type of energy efficiency measure.  


 


3.4 EVIDENCE SATEMENT – promoting housing interventions 


Two UK assessments (+)20 21 have concluded that the transition to a low carbon economy will 


increase fuel poverty and that future energy efficiency programmes will in part be paid for by 


regressive levies on domestic energy bills which penalise financially disadvantaged households.  


Strategies to enhance uptake of housing interventions have been proposed including for the USA 22 a  


‘one stop’ approach (not empirical research, not quality rated),  but there are likely to remain 


significant barriers to uptake (UK study, +).23  Lessons from other European countries24 25 with better 


housing energy efficiency than the UK suggest the attention needs to be paid to the circumstances 


of individual householders to maximize uptake of interventions.  Partnership working may be key to 


success (UK, +)26 (see next section). 


 


3.3 Integrated strategies 
 


Few studies have specifically examined the impact of integration through primary research.  Two  


studies are included here based on the evaluation of the Cold Weather Plan for England,4 and a 


guide to its implementation27 and another on the evaluation of the Warm Homes Healthy People 


Fund 2012 to 2013.26  In addition a brief summary of a ‘synthesis and guide’ is included, which 
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identified good practice from schemes “expected to make an impact on mortality in a short 


timescale if delivered at a sufficient scale.”28 


Quantitative analyses in support of the CWP evaluation have been reported previously.  Here we 


report the main messages about the operation and implementation of the Plan.4  27  The CWP’s main 


messages remind organizations of the need to be aware of the Cold Weather Plan, the distribution 


of alerts, of the need for providers and stakeholders to take action, and that there should be 


opportunities for closer partnership working with the community and voluntary sector to help 


reduce vulnerability and to support the planning and response to cold weather. It also refers to long-


term planning and commissioning to reduce cold-related harm by health and wellbeing boards and 


included in joint strategic needs assessments and joint health and wellbeing strategies.  


The evaluation of the scheme found that health and social care managers tended to think of 


‘vulnerability’ in terms of socio-economic deprivation and existing clients (i.e. people who were in 


receipt of social care services such as home care) – a definition that may miss some people who are 


vulnerable during cold weather (such as those who don’t use services) and include some people who 


are not (e.g. because they live in a warm home).  Many services, such as home care, are contracted 


out to independent providers. While the CWP and the cold weather alerts were a useful aid to 


prompt providers about actions that should be taken during cold weather, commissioning managers 


could not be sure that the actions set out in the CWP for front-line staff (such as checking room 


temperature) were being undertaken. Engagement with primary care was also variable: while some 


GPs were said to be actively engaged with winter welfare initiatives (such as referring patients to 


household warmth interventions) others were not. Local leadership of implementation of the CWP 


tended to be with emergency planning staff rather than with public health staff. Emergency planners 


felt limited in what attention they could give to prevention.  


Interviews with a sample of older people revealed that while respondents thought cold weather may 


exacerbate existing conditions there was little knowledge of the cardio-vascular risk association with 


cold temperatures. Although all respondents were in regular contact with a health professional, 


none had received any advice or support related to cold weather. Nearly all respondents were 


reliant on public transport, with participants from the rural case study in particular facing arduous 


journeys to access facilities such as shops, exposing them to cold outdoor temperatures. The risk of 


poor health during cold weather was typically mediated by instrumental social support provided by 


family (predominantly) or neighbours. This took the form of car journeys, hot meals, shopping, 


repairs, help with heating technology, and monitoring health and wellbeing. 


In their evaluation of the Warm Homes Healthy People Fund 2012 to 2013,26 Wookey et al examined 


the benefits of the interventions and the challenges faced using a mixed methods study (using an 


online survey for local authority leads, telephone interviews and local evaluation reports).  They 


concluded that the fund was once well received, but that partnership working was key to successful 


delivery.  Among the key barriers were engagement of healthcare professionals (which was a 


significant problem) and lack of year round funding.  They considered the support of clinical 


commissioning groups (CCGs), local authorities and health and wellbeing boards (HWBs) essential to 


the continuation of the schemes, which address indicators in the three national health and social 


care outcome framework. 
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The National Inequalities National Support Team (NIHST) document (Roche, T et al 201028), "How to 


reduce the risk of seasonal excess deaths systematically in vulnerable older people to impact at 


population level,"  is a resource guide rather than empirical research (so technically falls outside the 


inclusion criteria). It is included merely because it constitutes a useful summary intended to support 


communities to develop local plans. It proposes ten steps for managing EWD: 


Step 1: Gain insight into the local picture of EWD through local analysis 
Step 2: Develop a shared understanding of the agenda and role of partners 
Step 3. Develop joint working 
Step 4: Develop a data-sharing agreement or data-sharing protocol 
Step 5: Coordinate a systematic approach across organisations for the key interventions 
Step 6: Develop a risk register  
Step 7: Develop a list of clients/patients 
Step 8: Develop criteria for prioritisation 
Step 9: Manage the list 
Step 10: Develop the management framework 
 
These statements are not based on primary research but are included as an ‘example’ of current 
thinking on good practice in the absence of a firm evidence base. 
 


3.5 EVIDENCE STATEMENT – integration of strategies 


There is little evidence specifically on the impact of integration of services.  The 2013 evaluation of 


the Cold Weather Plan for England (quality rating +)4 and the PHE guidance (synthesis/guidance 


document, not rated)27 provides some insight. The CWP itself espouses closer partnership working 


with the community and voluntary sector and the need for long-term planning and commissioning 


by health and wellbeing boards and as part of joint strategic needs assessments and joint health and 


wellbeing strategies.  Interviews with service providers suggest a number of barriers, however, for 


exampole that commissioning managers could not be sure that required actions were being 


undertaken by contracted independent providers; that engagement with primary care was variable; 


and that local leadership of implementation was often with with emergency planning staff who felt 


limited in what attention they could give to prevention. The Public Health England evaluation of 


Warm Homes Healthy People Fund 2012 to 2013 (quality rating +) identified partnership working as 


key to successful delivery (involving clinical commissioning groups (CCGs), local authorities and 


health and wellbeing boards (HWBs), but key barriers were identified as (lack of) engagement of 


healthcare professionals and lack of year round funding.  The NIHST ‘good practice’ guide28 (not 


primary research and not rated for quality) emphasizes the need for shared understanding, joint 


working, and a systematic approach 


 


3.4 Response to specific review questions 
 


 What systems and strategies have been used to identify vulnerable and at risk populations and 
what impact do they have?   
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These strategies include: 


- The use of general practice registers (including disease registers and lists of at-risk individuals) 


primarily targeted through advice and information cascaded via health and social care 


professionals (the meteorological warning system of the Cold Weather Plan for England). 


- Diseases-specific weather warning and anticipatory care systems, notably for patients with 


COPD 


- The targeting of households in energy inefficient homes or at risk of fuel poverty identified by 


the assessed characteristics of housing in local geographical areas and/or on the basis of 


benefit entitlements. 


The impact of such targeting strategies aimed at high risk populations has yet to be firmly 


established. The cold weather alert system of the national Cold Weather Plan for England is the 


subject of ongoing evaluations. Evaluations of the weather warning systems for COPD (largely 


organised by the UK Met Office) have been the subject of limited evaluations (see review 2) but 


further research is required to provide clear evidence on cost-effectiveness. Evaluations of housing 


interventions were considered in review 2.  There is evidence of a range of potential health benefits.  


The potential role of targeted support (e.g. for households containing elderly people, those with 


chronic disease) will be explored in the economic modelling. 


 


 What activities and interventions support the effective delivery and implementation of 
approaches to reduce excess winter deaths and the negative health consequences of cold 
weather? 


 


The activities and interventions that potentially support the effective delivery and implementation of 


approaches to reduce excess winter deaths include: 


- The use of registers of at-risk individuals and/or target institutions (e.g. care homes) for the 


delivery of targeted support (e.g. Cold Weather Plan for England) 


- The use of weather health warning systems for advice during periods of elevated risk 


- The use of advice to the general population through weather forecasts and by leaflets and 


other media 


- The use of winter fuel and cold weather payments (universal entitlements for target groups, 


elderly) 


- Targeting of home energy efficiency interventions by use of geographical targeting, referral 


systems and or advice websites (the later including advice on assistance with fuel costs) (e.g. 


http://www.macmillan.org.uk/Cancerinformation/Livingwithandaftercancer/Financialissues/Be


nefitsandfinancialhelp/Help_with_housing_costs/Heating_grants.aspx 


 


The research evidence on these approaches and their impact on health outcomes has yet to be 


firmly established.   


 


 What influences the effectiveness of systems in delivering an integrated approach to addressing 
risk and vulnerability? 


 



http://www.macmillan.org.uk/Cancerinformation/Livingwithandaftercancer/Financialissues/Benefitsandfinancialhelp/Help_with_housing_costs/Heating_grants.aspx

http://www.macmillan.org.uk/Cancerinformation/Livingwithandaftercancer/Financialissues/Benefitsandfinancialhelp/Help_with_housing_costs/Heating_grants.aspx
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The methods for addressing risk and vulnerability have not been clearly worked through.  


Vulnerability is a function of the individual and the factors that contribute to his/her exposure to 


cold, especially housing energy efficiency.  The most important personal determinant of risk is age, 


and the risk of winter mortality/morbidity is quite widely distributed (small socio-economic gradient 


etc).  Although individuals with chronic disease (especially respiratory and cardiovascular disease) 


are at higher relative risk of cold-related health impacts than the general population of the same 


age, it is very probable that the large burden of cold-related mortality/morbidity occurs in people 


not included in the (relatively selected) lists of patients viewed as being at risk because of pre-


existing chronic illness or care needs. There are therefore still important questions about the balance 


between the identification vulnerable individuals/households and the use of population-wide 


measures. 


The effectiveness of integration depends on how well there is flow of information and decision-


making between professionals within and between sectors.  This has not been directly address in 


research, but evidence of processes and ways of working suggests need for clear lines of 


responsibility and shared understanding of needed actions. 


 


 


 What are the most effective methods for accessing at risk and vulnerable sub-populations? 


 


See comments above about targeting versus population-wide approaches.  Given the likely 


distribution of risk within the population, there is likely to be a strong case for population-wide 


interventions in addition to any strategy of targeting vulnerable subpopulations. Various vulnerable 


subpopulations may be readily identifiable through disease registers, settings (care homes), 


geographical area (homes with high risk of fuel poverty) etc.  However the parameters of any 


targeting strategy need to be carefully considered in relation to each particular form of intervention. 


For example, methods for identifying homes that may potentially benefit from subsidized energy 


efficiency investments need to consider data on dwelling as well as household characteristics.  This 


might be achieved through a two-tier process of targeting areas and then households within areas, 


while other routes might allow referral by the health service of patients with COPD or other 


conditions for housing intervention. 


 


 What approaches increase uptake and enhance acceptability of effective interventions? 


 


Factors influencing uptake may vary from intervention to intervention. For influenza, there has been 


a generally  favourable trend of increasing uptake among the elderly over time, with a positive effect 


of the switch from risk-based to age group-based targeting.  Opportunities to increase increase 


uptake exist through primary care teams. 


The uptake of energy efficiency improvements appears more complex.  Some studies suggest that 


even when free home energy efficiency improvements are offered they are sometimes declined 


(because of concern over disruption, future costs etc).  The general message appears to be that 


strategies need to take account of the specific situation homeowners face and the energy saving 


potentials to maximize the uptake of refurbishment.  Area-based strategies may be useful. 
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 What facilitators and barriers influence the delivery and implementation? 


It is difficult to make generalisations on the facilitators and barriers influencing delivering and 


implementation.  For the cascade of advice and actions targeted at high risk individuals during cold 


weather, it appears important that there is good communication, clarity over required actions, clear 


lines of responsibility and a sense of priority. 


For actions aimed at longer-term interventions for households such as energy efficiency 


improvements, barriers appear to include inertia, (capital) cost, lack of understanding of potential 


benefits (financial more than health) and concern about disruption. Provision of grants or subsidies 


as well as good communication effectively targeted are likely to enhance uptake of such measures. 


The Warm Homes Healthy People Fund evaluation suggested partnership working is key to success, 


while barriers included engagement with healthcare professionals (a significant problem) as well as 


lack of year-round funding.  The support of clinical commissioning groups (CCGs), local authorities 


and health and wellbeing boards (HWBs) was considered important for this scheme. 


 


3.5 Quality of studies 


As with much literature on excess winter mortality and morbidity the evidence relating to the 


delivery and implementation of approaches for the prevention of excess winter deaths and 


morbidity is very heterogeneous and mixed in quality.  Moreover, several of the reviewed studies 


take a largely theoretical stance or consider points of principle rather than presenting objective 


empirical evidence on the impact of particular forms of intervention. These were difficult to assess in 


quality terms using conventional criteria. We therefore used more ad hoc interpretations to assign 


quality ratings. Few of the studies reviewed in this section provided very strong objective evidence, 


but studies relating to targeting and influenza vaccination were mostly of reasonably high quality (+ 


or ++) while evidence on the uptake of home energy efficiency interventions was more mixed in 


quality and studies relating to integration were more descriptive than analytical. 


3.6 Findings into context 
 
The previous documents in this summary of evidence provide the case for the health benefits of a 


range of interventions aimed at alleviation of winter-and cold-related mortality/morbidity. The 


studies considered here are relevant to the very important questions of implementation and 


delivery. Although there remain important evidence gaps about how an integrated strategy should 


be designed, the evidence provides a rationale for a multi-faceted approach with both targeted and 


population-wide interventions involving multiple sectors. To be able to develop an effective and 


comprehensive plan will require further formative research and testing and the further assessment 


of barriers to and facilitators of success. 


3.7 Implications of findings 
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The limited and heterogeneous nature of the evidence, with few objective assessments of the 


impact of different strategies, means that most conclusions can be of only a general nature. There 


are however a number of broad implications. 


 Tackling winter-and cold-related mortality and morbidity entails a broad range of strategies 


and approaches, with potential contributions across multiple agencies and sectors.  For 


health protection to be most successful, it would appear important to capitalise on and 


integrate actions from a wide range of methods and actors. 


 There are potential roles for both population-wide and targeted intervention strategies, and 


the greatest impact is likely to entail a combination of both approaches. The optimal 


approach for targeting needs to be assessed on a case-by-case basis (i.e. for each form of 


intervention) but, for most interventions, there is currently insufficient evidence on the 


methods of targeting that would be most effective and efficient.  


 A cold weather health warning system is an element of the national Cold Weather Plan for 


England and also of more local actions focused on groups such as those with COPD. Such 


systems are able to identify risk periods with reasonable accuracy, but further research is 


needed to understand their overall impact on health outcomes, and the most effective 


methods of implementation, including operational implications for the health and other 


services. 


 Influenza vaccination is potentially an important contributor to the reduction of excess 


winter death although there appears some inconsistency in the evidence.  Although uptake 


is reasonably high for target groups, measures which further enhance uptake are likely to be 


beneficial.  There may also be a case for the optimization of other treatments for patients 


with chronic diseases. 


 Infrastructure investments such as the improvement of home energy efficiency are 


potentially important population-wide measures.  Appreciable health benefits are likely to 


accrue from the general improvement in energy efficiency of housing stock as a whole. The 


impact on health may be accelerated by targeted financial support for vulnerable groups. 


Further insight into how this might be implemented and the role of fuel subsidies may come 


from the economic modelling to be described in the next report. 


 Some of the measures desirable for tackling winter mortality/morbidity are also desirable 


for other reasons. The principal example is improvement in home energy efficiency which is 


also motivated by climate change and energy security objectives. There are therefore likely 


to be mechanisms to capitalise on the co-benefits for health of policies largely driven from 


outside the health sector. 


 There is a need for more research evidence to support strategy development (see below) 


3.8 Limitations of the evidence, gaps 
 
Overall, the evidence relating to the impact of different approaches and strategies for protection 


against winter-and cold-related mortality and morbidity is quite limited, especially with regard to 


operational questions and issues relating to service delivery. This is true even for the core elements 


of national strategy as outlined in the Cold Weather Plan for England. There is a very large body of 


grey literature that describes suggested principles and approaches, but limited empirical evidence 
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that enables objective assessment of how specific strategies are best implemented to achieve 


maximum impact. There is need for research in many areas, but particularly in the following: 


 the appropriate balance of population-wide vs targeted strategies for different forms of 


intervention 


 the methods and effectiveness of seeking to identify and target actions at selected high risk 


groups during periods of elevated risk (cold, icy/snowy weather), especially given evidence 


that the risk of cold-related mortality/morbidity is quite widely distributed in the population 


and not confined to periods of most extreme cold 


 the operational responses and impact of cold weather warning systems, including the 


consequences of decisions taken in response to warnings by the health service and carers, 


and assessment of the potentially negative consequences of false positive and negative 


warnings  


 approaches to ensure high uptake of influenza and other vaccinations in target groups, and 


the pre-winter season optimization of drug and other treatments for individuals with specific 


target conditions such as COPD  


 the optimal strategies for improving home energy efficiency through combination of policies 


designed to encourage general uptake of home energy efficiency improvements in the 


population as a whole as well as more targeted financial support for vulnerable households 


in homes with poor energy efficiency 


 the impact and role of subsidies and fuel payments aimed at helping the affordability of 


home heating 


 the methods and operational models of integrating action across sectors to ensure the most 


effective and efficient use of resources 


3.9 Limitations of the review and potential impact on findings 


The review was limited in being confined to OECD countries since 1993.  However, this ensured the 


evidence was largely applicable to England, and indeed many of the studies and literature reviewed 


were from England or the UK.  In general, most of the results reported in this review were likely to 


be very relevant to England.   The main deficiency was the limited number of high quality studies 


that provide objective evidence on implementation and impact. 
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4 Conclusions 
 


(1) Periods of elevated risk of mortality or morbidity can be predicted from simple 


forecasting methods based on meteorological and other parameters. Such models exist 


for example in relation to disease exacerbation in COPD, and for the overall pattern of 


mortality and hospital admission in relation to outdoor temperature. However, the 


precise role and utility of forecasting remains undetermined. Much of the burden of 


cold-related mortality and morbidity lies outside the periods of most extreme cold.  Days 


of particular risk may nonetheless offer opportunities for communication and to 


promote actions needed to help reduce the overall burden of winter and cold related 


mortality/morbidity. Where forecasting is used to support specific clinical interventions, 


more research is needed to identify the advantages and disadvantages, including in 


relation to false positive and negative forecasts. 


(2) Methods have been used to develop algorithms identifying individuals at high risk of 


winter/cold-related mortality and morbidity and geographical areas for the targeting of 


policies. Although geographical markers in particular can be shown to identify important 


variations in fuel poverty risk, there are methodological limitations (notably the 


importance of the characterisation of household income for defining fuel poverty) and 


there are no detailed assessments of the degree to which the use of fuel poverty 


markers influences the cost-effectiveness of housing interventions. Further analyses 


suggest that the prediction of cold homes can be problematic even with a reasonable 


level of data on household and housing characteristics. 


(3) Influenza vaccination is potentially an important contributor to the reduction of excess 


winter death although there appears some inconsistency in the evidence for patients 


with COPD, the institutionalised elderly (65 years or older) and the elderly with co-


morbidities.  The uptake of influenza vaccination in the UK appears favourable in 


international comparisons, and has improved appreciably over time. There has been a  


marked increases in vaccine coverage accompanying the switch from risk-based to age 


group-based targeting of the elderly in England and Wales was associated with lower 


suggestive levels of pneumonia and influenza mortality in older people in the first 6 


years after age group-based targeting began. 


(4) Rising fuel prices and the transition to a low carbon economy will both contribute to an 


increase in fuel poverty and, in the current UK policy environment, future energy 


efficiency programmes will in part be paid for by regressive levies on domestic energy 


bills which penalise financially disadvantaged households.  Strategies to enhance uptake 


of housing interventions are needed, although there remains limited evidence on the 


approaches most likely to achieve high uptake.  Studies from other European countries 


suggest there is need to take account of individual household circumstances to identify 


the policy approaches most likely to be successful in expanding home energy efficiency. 


(5) The Cold Weather Plan for England, along with other documents, have proposed multi-


faceted approaches to tackling winter mortality/morbidity, and integration of effort 


across agencies and sectors.  In particular, a recommendation is to use opportunities for 


closer partnership working with the community and voluntary sector to help reduce 
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vulnerability and to support the planning and response to cold weather.  However, there 


is as yet very limited research evidence to demonstrate which aspects of such integrated 


approaches yield the greatest benefits. 


(6) A wide range of measures and approaches are important for tackling winter-and cold-


related mortality and morbidity, with contributions across multiple agencies and sectors.  


Among others, those include the health and care services, local authorities, the 


community and voluntary sector, those involved in emergency planning and 


preparedness, as well as carers and neighbours of vulnerable people.  There appears to 


be a role to support high risk individuals during periods of greater risk (e.g. very cold or 


icy/snowy weather), as well as the improvement of understanding of risks and 


protection measures against cold-related risks in the population as a whole.   


(7) Long term measures, including infrastructure investments such as the improvement of 


home energy efficiency, are important as population-wide measures, but may also be 


targeted to help maximize impact especially for vulnerable groups.   


(8) There are opportunities to capitalize on the co-benefits for health of investments 


motivated by policies outside of the health sector, notably in relation to the 


improvement of home energy efficiency.  Ensuring there is an integrated approach that 


makes use of such opportunities could help to extend the overall public health impact 


and help provide additional rationale for intervention which may be marginal on the 


basis of health criteria alone. 


(9) There is a very limited body of evidence on the operation and effectiveness of most 


approaches intended to protect against winter- and cold-related illness, which is 


handicap to the development of well-designed and effective health protection 


programmes.  More research and monitoring is needed in many areas, but particularly 


to examine issues relating to the balance of targeted vs population-wide interventions, 


the operational responses and impact of warning systems, the optimal strategies for 


improving home energy efficiency and the affordability of home heating, and the 


methods of integrated action across sectors. 
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Appendices 
 


Appendix 1 Review team 
 
The review team and their expertise are summarized in the table below.  
 


Person 
(institution) 


Experience and expertise 


LSHTM 


Paul Wilkinson  
(Professor of 
Environmental 
Epidemiology) 


Researcher in environmental epidemiology with long-standing interest in excess winter 
deaths, with multiple contributions in this area particularly for the UK.  
 
Expertise: topic expertise (excess winter death), study design and methods for 
quantifying the effect of seasonal/cold-related risks and modification by social, 
environmental and other factors. 
 


Zaid Chalabi 
(Senior 
Lecturer in 
Health Impact 
Analysis and 
Modelling) 


Mathematical modeller with wide expertise in environmental health risk assessment, 
health impact analysis, cost-effectiveness analysis, value of information and uncertainty 
analyses, and decision analysis.   
 
Expertise: evidence regarding cost-effectiveness (CE) of methods to identify at risk 
populations; CE  of interventions to prevent excess mortality & morbidity; CE of systems 
for delivery and implementation of approaches to prevent excess mortality & morbidity 


Lorelei Jones 
(Research 
fellow) 


A health services researcher with long-standing interests in UK health policy and health 
services, especially the sociology of health service organisation.  Previously a research 
fellow on the NICE clinical guideline for diabetes in pregnancy she has extensive 
experience of systematic reviews and guideline development.  Currently has a core role 
in the on-going Evaluation of the National Cold Weather Plan for England.  
 
Expertise: literature review especially with regard to behavioural responses and 
interventions 


James Milner 
(Lecturer) 


Research interests involving modelling the interactions between the urban environment 
and health, including the effects on health of air pollutants, and indoor air quality and 
housing. Has also developed techniques to assess the health impacts of changes in 
environmental exposures due to climate change mitigation policies in different sectors 
of society, including the housing sector.  
 
Expertise: modelling of health impacts, especially with regard to housing related health 
risks 


Mark Petticrew 
(Professor of 
Public Health 
Evaluation) 


Researcher with long-standing interests in evidence-based policymaking, systematic 
reviews, and the evaluation of the health effects of social policies. He is an editor of the 
new Cochrane Public Health Review Group, and is closely involved in the 
Cochrane/Campbell Health Equity Field. He has co-authored Petticrew M, Roberts H 
(2006) Systematic Reviews in the Social Sciences: A practical guide. Oxford: Blackwell 
Publishing)  
 
Expertise: methods for systematic review and assessment of evidence for policy. 


University of York 


Steve Duffy Information analyst with extensive experience of the development and implementation 
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(Information 
Analyst) 


of search methods for literature review. 
 
Expertise: database searches/literature review  
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Appendix 2 Search strategies 
 


Literature searches were undertaken to identify studies primarily about excess winter deaths. The 


searches were also designed to identify studies about seasonal morbidity, fuel poverty, cold housing, 


energy efficient housing, winter related accidents, and health forecasting. 


 


The search strategies were devised using a combination of indexed subject heading terms and free 


text search terms appearing in the title and/or abstracts of database records. Search terms were 


identified through discussion between the research team, by scanning background literature and 


‘key articles’ already known to the project team, and by browsing database thesauri.  


 


The searches were limited by date range to the last 20 years (1993 to the present), and to English 


language publications only. The final MEDLINE search strategy was peer reviewed for accuracy by 


another Information Specialist based at CRD (Melissa Harden).  


 


The literature searches involved searching a wide range of databases covering health, social care, 


mental health, economics, environmental issues, and architecture. The following databases and 


resources were searched:  


 


 MEDLINE and MEDLINE In-Process 


 EMBASE 


 Social Policy & Practice 


 Science Citation Index (SCI) 


 Social Sciences Citation Index (SSCI) 


 Conference Proceedings Citation Index-Science (CPCI-S) 


 Conference Proceedings Citation Index-Social Science & Humanities (CPCI-SSH) 


 Health Management Information Consortium (HMIC) 


 PsycINFO 


 Cochrane Database of Systematic Reviews (CDSR) 


 Database of Abstracts of Reviews of Effects (DARE) 


 Cochrane Central Register of Controlled Trials (CENTRAL) 


 Health Technology Assessment (HTA) database 


 NHS Economic Evaluation Database (NHS EED) 


 EconLit 


 CEA (Cost-Effectiveness Analysis) Registry 


 RePEc: Research Papers in Economics 


 Campbell Library 


 Trials Register of Promoting Health Interventions (TRoPHI) 


 Database of Promoting Health Effectiveness Reviews (DoPHER) 


 Scopus 


 Avery Index to Architectural Periodicals  


 ICONDA International 


 PsycEXTRA 







33 


 


 NICE Evidence 


 OpenGrey 


 RIBA Catalogue (Royal Institute of British Architects) 


 NYAM Grey Literature Report (New York Academy of Medicine) 


 


Details of the search strategies and the results of all searches are given below. 


 


As a number of databases were searched, some degree of duplication resulted.  In order to manage 


this issue, the titles and abstracts of bibliographic records were downloaded and imported into 


EndNote bibliographic management software and duplicate records removed. 
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Databases and resources searched 


 


Resource Interface/url Date range Search 


date 


Results 


MEDLINE and MEDLINE In-


Process 


OvidSP 1946-2013/Sep 


week 2 


23 Sep 


2013 


8451 


EMBASE OvidSP 1974-2013/week 


38 


24 Sep 


2013 


5445 


Social Policy & Practice OvidSP 1890s-201307 30 Sep 


2013 


1357 


Science Citation Index (SCI) Web of Science 1900–2013/09/27 2 Oct 


2013 


4433 


Social Sciences Citation 


Index (SSCI) 


Web of Science 1956–2013/09/27 2 Oct 


2013 


1291 


Conference Proceedings 


Citation Index-Science 


(CPCI-S) 


Web of Science 1990–2013/09/27 2 Oct 


2013 


238 


Conference Proceedings 


Citation Index-Social 


Science & Humanities 


(CPCI-SSH) 


Web of Science 1990–2013/09/27 2 Oct 


2013 


112 


Health Management 


Information Consortium 


(HMIC) 


OvidSP 1979-2013/Mar 30 Sep 


2013 


352 


PsycINFO OvidSP 1806-2013/Sep 


week 4 


30 Sep 


2013 


829 


Cochrane Database of 


Systematic Reviews (CDSR) 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 9/12 1 Oct 


2013 


22 


Database of Abstracts of 


Reviews of Effects (DARE) 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 3/4 1 Oct 


2013 


7 


Cochrane Central Register 


of Controlled Trials 


(CENTRAL) 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 9/12 1 Oct 


2013 


554 


Health Technology 


Assessment (HTA) database 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 3/4 1 Oct 


2013 


1 


NHS Economic Evaluation 


Database (NHS EED) 


Wiley Online Library; The 


Cochrane Library 


2013: Issue 3/4 1 Oct 


2013 


8 


EconLit OvidSP 1961-2013/Aug 30 Sep 


2013 


745 


CEA Registry www.cearegistry.org 3 Oct 2013 3 Oct 


2013 


0 


RePEc http://repec.org/  


 


3 Oct 2013 3 Oct 


2013 


119 


Campbell Library http://www.campbellcollabo 3 Oct 2013 3 Oct 1 
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ration.org/library.php 2013 


TRoPHI EPPI-Centre 3 Oct 2013 3 Oct 


2013 


8 


DoPHER EPPI-Centre 3 Oct 2013 3 Oct 


2013 


5 


OpenGrey http://www.opengrey.eu/ 3 Oct 2013 3 Oct 


2013 


45 


NICE Evidence https:  www.evidence.nhs.u


k   


18 Oct 2013 18 Oct 


2013 


67 


RIBA Catalogue http://riba.sirsidynix.net.uk/


uhtbin/webcat 


18 Oct 2013 18 Oct 


2013 


26 


NYAM Grey Literature 


Report 


http://www.greylit.org/ 


 


18 Oct 2013 18 Oct 


2013 


0 


Scopus Elsevier 1823-2013/Oct 21 Oct 


2013 


1696 


Avery Index ProQuest 1934-2013/Oct 24 Oct 


2013 


244 


ICONDA International Ovid 1976-2013/Oct 25 Oct 


2013 


492 


PsycEXTRA Ovid 1908-2013/Oct 25 Oct 


2013 


93 


TOTAL 26,641 


TOTAL after deduplication 16,143 
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Search strategies 


 


MEDLINE and MEDLINE In-Process (OvidSP). 1946-2013/Sep week 2. Searched 23 September 2013. 


 


1     exp Cold Temperature/ (60709) 


2     Snow/ or Ice/ (4363) 


3     1 or 2 (64253) 


4     exp Death/ (114941) 


5     exp Mortality/ or mo.fs. (576727) 


6     exp Morbidity/ (373172) 


7     Risk Factors/ (567327) 


8     or/4-7 (1396264) 


9     3 and 8 (1725) 


10     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (788) 


11     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (239) 


12     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 


(1273) 


13     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. (6057) 


14     (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. (3171249) 


15     13 and 14 (1243) 


16     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. (472) 


17     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (177) 


18     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (343) 


19     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (75) 


20     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (194) 


21     Seasons/ and (Death/ or Mortality/ or Morbidity/ or Risk Factors/) (5119) 


22     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. (1222) 


23     or/9-12,15-22 (11237) 


24     ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. (455) 


25     (winter adj3 fuel).ti,ab. (14) 


26     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (19) 


27     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (44) 


28     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. (177) 


29     or/24-28 (705) 


30     exp Housing/ (25422) 


31     exp Cold Temperature/ (60709) 


32     Heating/ (4100) 


33     30 and (31 or 32) (433) 


34     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. (129) 







37 


 


35     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab. (682) 


36     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. (505) 


37     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. (17) 


38     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. (39) 


39     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab. (48) 


40     ((energy adj3 efficien$) and (home or homes or house or houses or household$ or 


housing)).ti,ab. (117) 


41     ((energy adj3 efficien$) and (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$ or domestic$)).ti,ab. (53) 


42     (home energy adj3 (program$ or assist$)).ti,ab. (3) 


43     (insulat$ adj4 (home or homes or house or houses or household$ or housing)).ti,ab. (86) 


44     (insulat$ adj4 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. (8) 


45     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company Obligation).ti,ab. 


(21) 


46     thermal comfort.ti,ab. (558) 


47     or/33-46 (2481) 


48     exp Accidents/ (138538) 


49     exp *"Wounds and Injuries"/ (547370) 


50     Snow/ or Ice/ (4363) 


51     *Seasons/ (14654) 


52     (48 or 49) and (50 or 51) (607) 


53     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab. (1558) 


54     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab. (881) 


55     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab. (5) 


56     or/52-55 (2913) 


57     Forecasting/ and Weather/ (174) 


58     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. (224) 


59     health forecast$.ti,ab. (18) 


60     or/57-59 (392) 


61     23 or 29 or 47 or 56 or 60 (17234) 


62     exp Animals/ not Humans/ (4031668) 


63     (exp Plants/ or exp Plant Structures/ or exp Plant Physiological Phenomena/) not humans/ 


(447136) 


64     (comment or editorial or letter).pt. (1234425) 


65     61 not (62 or 63 or 64) (13264) 
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66     limit 65 to (english language and yr="1993 -Current") (9279) 


 


NB. After removal of duplicate records the final results total was 8451 


 


Key: 


/         subject heading (MeSH) 


exp     explode subject heading (MeSH) 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


Embase (OvidSP). 1974-2013/week 38. Searched 24 September 2013. 


 


1     *winter/ (4511) 


2     *cold/ (9790) 


3     *snow/ or *ice/ (2997) 


4     or/1-3 (17247) 


5     exp *death/ (100114) 


6     exp *mortality/ (81918) 


7     exp *morbidity/ (17192) 


8     *risk factor/ (25240) 


9     or/5-8 (211937) 


10     4 and 9 (236) 


11     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (926) 


12     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (291) 


13     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 


(1478) 


14     ((cold or colder) adj3 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. (6539) 


15     (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. (4143060) 


16     14 and 15 (1398) 


17     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. (556) 


18     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (217) 


19     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (397) 


20     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (93) 


21     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (232) 


22     *season/ and (exp *death/ or exp *mortality/ or exp *morbidity/ or *risk factor/) (487) 


23     (season$ adj2 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. (759) 


24     or/10-13,16-23 (6277) 


25     ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. (632) 
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26     (winter adj3 fuel).ti,ab. (20) 


27     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (22) 


28     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (64) 


29     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. (246) 


30     or/25-29 (979) 


31     *housing/ (7070) 


32     *cold/ (9790) 


33     *heating/ (3074) 


34     31 and (32 or 33) (117) 


35     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. (155) 


36     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab. (887) 


37     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. (604) 


38     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. (20) 


39     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. (63) 


40     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab. (70) 


41     ((energy adj3 efficien$) and (home or homes or house or houses or household$ or 


housing)).ti,ab. (163) 


42     ((energy adj3 efficien$) and (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$ or domestic$)).ti,ab. (85) 


43     (home energy adj3 (program$ or assist$)).ti,ab. (3) 


44     (insulat$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab. (94) 


45     (insulat$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. (16) 


46     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company Obligation).ti,ab. 


(31) 


47     thermal comfort.ti,ab. (694) 


48     or/34-47 (2838) 


49     exp *accident/ (74718) 


50     exp *injury/ or exp *fracture/ (841006) 


51     *snow/ or *ice/ (2997) 


52     *season/ (10421) 


53     (49 or 50) and (51 or 52) (481) 


54     ((fall or falls or falling or slip or slips or slipping) adj2 (winter or snow or ice or weather or 


season$)).ti,ab. (1748) 


55     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj2 (winter or snow or ice 


or weather or season$)).ti,ab. (702) 


56     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab. (9) 
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57     or/53-56 (2878) 


58     *forecasting/ and *weather/ (52) 


59     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. (396) 


60     health forecast$.ti,ab. (22) 


61     or/58-60 (442) 


62     24 or 30 or 48 or 57 or 61 (13179) 


63     (editorial or letter or note).pt. (1872994) 


64     62 not 63 (12925) 


65     limit 64 to human (7380) 


66     limit 65 to (english language and yr="1993 -Current") (5445) 


 


Key: 


/         subject heading (EMTREE) 


exp     explode subject heading (EMTREE) 


* focus subject heading (EMTREE) 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


Social Policy & Practice (OvidSP). 1890s-201307. Searched 30 September 2013. 


 


1     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab,de. (64) 


2     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab,de. (12) 


3     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or 


disease$)).ti,ab,de. (28) 


4     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab,de. (46) 


5     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab,de. (48) 


6     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab,de. (13) 


7     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,de. (5) 


8     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,de. (14) 


9     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,de. (9) 


10     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab,de. (23) 


11     or/1-10 (160) 


12     (fuel adj3 (poverty or poor or afford or affordable or affordability or tariff$)).ti,ab,de. (469) 


13     (winter adj3 fuel).ti,ab,de. (42) 


14     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab,de. (43) 


15     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab,de. 


(26) 
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16     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab,de. (57) 


17     or/12-16 (556) 


18     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab,de. (64) 


19     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab,de. (528) 


20     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or households or housing)).ti,ab,de. (162) 


21     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab,de. (3) 


22     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab,de. (24) 


23     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab,de. (4) 


24     (energy efficienc$ adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab,de. (343) 


25     (energy efficienc$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$ or domestic$)).ti,ab,de. (75) 


26     (home energy adj3 (program$ or assist$)).ti,ab,de. (6) 


27     (insulat$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab,de. (265) 


28     (insulat$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab,de. (16) 


29     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company 


Obligation).ti,ab,de. (122) 


30     thermal comfort.ti,ab,de. (32) 


31     or/18-30 (1146) 


32     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab,de. (2) 


33     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab,de. (6) 


34     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab,de. (2) 


35     or/32-34 (10) 


36     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab,de. (13) 


37     health forecast$.ti,ab,de. (1) 


38     36 or 37 (14) 


39     11 or 17 or 31 or 35 or 38 (1590) 


40     limit 39 to yr="1993 -Current" (1357) 


 


Key: 


.ti,ab,de.   searches are restricted to the title, abstract and descriptor fields 


adj       searches for adjacent terms 


adj3  searches for terms within three words of each other 
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$  truncation symbol 


$1  truncation restricted to one character 


or/1-4  combine sets 1 to 4 using OR 


 


Science Citation Index (SCI) (Web of Science). 1900 – 2013-09-27. Searched 2 October 2013. 


 


# 34 4,433 (#33) AND Document Types=(Article OR Book OR Book Chapter OR 


Meeting Abstract OR Proceedings Paper OR Review)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 33 4,743 #27 NOT #32  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 32 14,445,591 #28 or #29 or #30 or #31  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 31 7,053,047 SU=(Agriculture or "Astronomy & Astrophysics" or "Biochemistry & 


Molecular Biology" or "Biodiversity & Conservation" or Chemistry or 


Crystallography or Electrochemistry or "Energy & Fuels" or 


Entomology or "Evolutionary Biology" or Fisheries or "Food Science & 


Technology" or Forestry or "Geochemistry & Geophysics" or Geology 


or "Marine & Freshwater Biology" or "Medical Laboratory Technology" 


or Oceanography or Parasitology or"Plant Sciences" or Spectroscopy 


or "Veterinary Sciences" or Zoology)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 30 11,740,697 WC=(Agricultural or Agriculture or Agronomy or Astronomy or 


Astrophysics or Biochemistry or "Biodiversity Conservation" or 


"Molecular Biology" or Chemistry or "Computer Science" or Ecology or 


"Energy & Fuels" or Engineering or Entomology or "Evolutionary 


Biology" or Fisheries or "Food Science & Technology" or Forestry or 


Genetics or Heredity or Geology or Geosciences or Horticulture or 


"Marine & Freshwater Biology" or "Materials Science" or 


"Meteorology & Atmospheric Sciences" or Mineralogy or "Mining & 


Mineral Processing" or Oceanography or Parasitology or Physics or 


"Plant Sciences" or "Soil Science" or Spectroscopy or "Veterinary 


Sciences" or "Water Resources" or Zoology)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 29 1,751,630 TS=(tree or trees or woodland or forest or forests or plant or plants or 


leaf or leaves or soil or agriculture or agricultural or agronomy or crop 


or crops or grass or grasses)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 28 3,144,056 TS=(rat or rats or mouse or mice or murine or hamster or hamsters or 


animal or animals or dogs or dog or canine or pig or pigs or cats or 


bovine or cow or cattle or sheep or ovine or porcine or monkey or 


monkeys or hen or hens or chicken or chickens or poultry or rabbit or 


rabbits or fish or fishes or salmon or bird or birds or insect or insects)  


Databases=SCI-EXPANDED Timespan=1993-2013 



http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=131&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=130&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=129&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=128&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=127&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=126&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=125&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch





43 


 


# 27 18,313 #8 or #12 or #20 or #26  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 26 3,464 #21 or #22 or #23 or #24 or #25  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 25 24 TS=("health forecast*")  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 24 1,788 TS=(("forecast" or "alert" or "alerts" or "warning" or "warnings" or 


"alarm" or "alarms") NEAR/3 ("cold" or "colder" or "weather" or 


"winter" or "met office" or "meteorological office"))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 23 15 TS=((grit or gritted or gritting or gritter*) NEAR/3 (road* or pavement* 


or sidewalk* or driveway* or pathway* or path*1))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 22 1,217 TS=(("accident" or "accidents" or "injury" or "injuries" or "injured" or 


fracture*) NEAR/3 ("winter" or "snow" or "ice" or "weather"))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 21 443 TS=(("falls" or "falling" or "slip" or "slips" or "slipping") NEAR/3 


("winter" or "snow" or "ice" or "weather"))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 20 2,873 #13 or #14 or #15 or #16 or #17 or #18 or #19  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 19 193 TS=( "Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" 


or "Energy Company Obligation")  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 18 272 TS=(insulat* NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented 


or tenancy or tenancies or dwelling*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 17 13 TS=( "home energy " NEAR/3 (program* or assist*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 16 332 TS=("energy efficien*" NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented 


or tenancy or tenancies or dwelling* or domestic*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 15 119 TS=(damp NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy 


or tenancies or dwelling*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 14 1,758 TS=((warm* or heat* or underheat* or temperature*) NEAR/2 (home 


or homes or house or houses or household* or housing or 


accommodation* or rent or rents or rented or tenancy or tenancies or 


dwelling*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 13 365 TS=((cold or freez* or frozen) NEAR/3 (home or homes or house or 
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houses or household* or housing or accommodation* or rent or rents 


or rented or tenancy or tenancies or dwelling*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 12 1,073 #9 or #10 or #11  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 11 500 TS=(("heating" or gas or electricity) NEAR/2 (payment* or allowance* 


or benefit* or grant* or voucher*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 10 246 TS=((winter or cold or weaher) NEAR/3 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 9 334 TS=("fuel" NEAR/3 (winter or poverty or poor or afford or affordable 


or affordability or tariff*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 8 11,193 #1 or #4 or #5 or #6 or #7  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 7 1,678 TS=(season* NEAR/2 (death* or fatalit* or mortalit* or morbidit* or 


"risk" or "risks" or vulnerabl* or suceptib*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 6 1,552 TS=((winter or weather or temperature* or cold or colder) NEAR/2 


(vulnerab* or "risk" or "risks" or suceptib*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 5 1,719 TS=((excess or excessive or severe or severity or exposure) NEAR/3 


winter)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 4 1,365 #2 and #3  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 3 2,799,726 TS=(death* or fatalit* or mortalit* or morbidit* or illness* or 


disease*)  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 2 13,498 TS=((cold or colder) NEAR/2 (spell* or season* or month* or period* 


or condition* or event or related or excess or excessive or severe or 


severity or extreme))  


Databases=SCI-EXPANDED Timespan=1993-2013 


# 1 5,890 TS=((winter or weather or temperature*) NEAR/3 (death* or fatalit* 


or mortalit* or morbidit* or illness* or disease*))  


Databases=SCI-EXPANDED Timespan=1993-2013 


 


 


Key: 


TS Topic (searches terms in Title, Abstract, Author Keywords and Keywords Plus fields) 


SU Research Area (specific fields of study) 


WC Web of Science Category (specific fields of study) 


NEAR   searches for adjacent terms 
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NEAR/3 searches for terms within three words of each other 


* truncation symbol 


"  " phrase search 


 


Social Sciences Citation Index (SSCI) (Web of Science). 1956 – 2013-09-27. Searched 2 October 


2013. 


 


# 34 1,291  (#33) AND Document Types=(Article OR Book OR Book Chapter OR 


Meeting Abstract OR Proceedings Paper OR Review)  


Databases=SSCI Timespan=1993-2013 


# 33 1,399  #27 NOT #32  


Databases=SSCI Timespan=1993-2013 


# 32 364,512  #28 or #29 or #30 or #31  


Databases=SSCI Timespan=1993-2013 


# 31 80,352  SU=(Agriculture or "Astronomy & Astrophysics" or "Biochemistry & 


Molecular Biology" or "Biodiversity & Conservation" or Chemistry or 


Crystallography or Electrochemistry or "Energy & Fuels" or Entomology or 


"Evolutionary Biology" or Fisheries or "Food Science & Technology" or 


Forestry or "Geochemistry & Geophysics" or Geology or "Marine & 


Freshwater Biology" or "Medical Laboratory Technology" or 


Oceanography or Parasitology or"Plant Sciences" or Spectroscopy or 


"Veterinary Sciences" or Zoology)  


Databases=SSCI Timespan=1993-2013 


# 30 212,424  WC=(Agricultural or Agriculture or Agronomy or Astronomy or 


Astrophysics or Biochemistry or "Biodiversity Conservation" or 


"Molecular Biology" or Chemistry or "Computer Science" or Ecology or 


"Energy & Fuels" or Engineering or Entomology or "Evolutionary Biology" 


or Fisheries or "Food Science & Technology" or Forestry or Genetics or 


Heredity or Geology or Geosciences or Horticulture or "Marine & 


Freshwater Biology" or "Materials Science" or "Meteorology & 


Atmospheric Sciences" or Mineralogy or "Mining & Mineral Processing" 


or Oceanography or Parasitology or Physics or "Plant Sciences" or "Soil 


Science" or Spectroscopy or "Veterinary Sciences" or "Water Resources" 


or Zoology)  


Databases=SSCI Timespan=1993-2013 


# 29 115,582  TS=(tree or trees or woodland or forest or forests or plant or plants or 


leaf or leaves or soil or agriculture or agricultural or agronomy or crop or 


crops or grass or grasses)  


Databases=SSCI Timespan=1993-2013 


# 28 83,105  TS=(rat or rats or mouse or mice or murine or hamster or hamsters or 


animal or animals or dogs or dog or canine or pig or pigs or cats or bovine 


or cow or cattle or sheep or ovine or porcine or monkey or monkeys or 


hen or hens or chicken or chickens or poultry or rabbit or rabbits or fish 


or fishes or salmon or bird or birds or insect or insects)  
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Databases=SSCI Timespan=1993-2013 


# 27 2,123  #8 or #12 or #20 or #26  


Databases=SSCI Timespan=1993-2013 


# 26 259  #21 or #22 or #23 or #24 or #25  


Databases=SSCI Timespan=1993-2013 


# 25 16  TS=("health forecast*")  


Databases=SSCI Timespan=1993-2013 


# 24 92  TS=(("forecast" or "alert" or "alerts" or "warning" or "warnings" or 


"alarm" or "alarms") NEAR/3 ("cold" or "colder" or "weather" or "winter" 


or "met office" or "meteorological office"))  


Databases=SSCI Timespan=1993-2013 


# 23 4  TS=((grit or gritted or gritting or gritter*) NEAR/3 (road* or pavement* or 


sidewalk* or driveway* or pathway* or path*1))  


Databases=SSCI Timespan=1993-2013 


# 22 127  TS=(("accident" or "accidents" or "injury" or "injuries" or "injured" or 


fracture*) NEAR/3 ("winter" or "snow" or "ice" or "weather"))  


Databases=SSCI Timespan=1993-2013 


# 21 29  TS=(("falls" or "falling" or "slip" or "slips" or "slipping") NEAR/3 ("winter" 


or "snow" or "ice" or "weather"))  


Databases=SSCI Timespan=1993-2013 


# 20 557  #13 or #14 or #15 or #16 or #17 or #18 or #19  


Databases=SSCI Timespan=1993-2013 


# 19 11  TS=( "Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" or 


"Energy Company Obligation")  


Databases=SSCI Timespan=1993-2013 


# 18 44  TS=(insulat* NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=SSCI Timespan=1993-2013 


# 17 8  TS=( "home energy " NEAR/3 (program* or assist*))  


Databases=SSCI Timespan=1993-2013 


# 16 210  TS=("energy efficien*" NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented or 


tenancy or tenancies or dwelling* or domestic*))  


Databases=SSCI Timespan=1993-2013 


# 15 17  TS=(damp NEAR/3 (home or homes or house or houses or household* or 


housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=SSCI Timespan=1993-2013 


# 14 239  TS=((warm* or heat* or underheat* or temperature*) NEAR/2 (home or 


homes or house or houses or household* or housing or accommodation* 


or rent or rents or rented or tenancy or tenancies or dwelling*))  


Databases=SSCI Timespan=1993-2013 


# 13 92  TS=((cold or freez* or frozen) NEAR/3 (home or homes or house or 
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houses or household* or housing or accommodation* or rent or rents or 


rented or tenancy or tenancies or dwelling*))  


Databases=SSCI Timespan=1993-2013 


# 12 287  #9 or #10 or #11  


Databases=SSCI Timespan=1993-2013 


# 11 150  TS=(("heating" or gas or electricity) NEAR/2 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=SSCI Timespan=1993-2013 


# 10 19  TS=((winter or cold or weaher) NEAR/3 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=SSCI Timespan=1993-2013 


# 9 122  TS=("fuel" NEAR/3 (winter or poverty or poor or afford or affordable or 


affordability or tariff*))  


Databases=SSCI Timespan=1993-2013 


# 8 1,150  #1 or #4 or #5 or #6 or #7  


Databases=SSCI Timespan=1993-2013 


# 7 277  TS=(season* NEAR/2 (death* or fatalit* or mortalit* or morbidit* or 


"risk" or "risks" or vulnerabl* or suceptib*))  


Databases=SSCI Timespan=1993-2013 


# 6 319  TS=((winter or weather or temperature* or cold or colder) NEAR/2 


(vulnerab* or "risk" or "risks" or suceptib*))  


Databases=SSCI Timespan=1993-2013 


# 5 166  TS=((excess or excessive or severe or severity or exposure) NEAR/3 


winter)  


Databases=SSCI Timespan=1993-2013 


# 4 135  #2 and #3  


Databases=SSCI Timespan=1993-2013 


# 3 284,868  TS=(death* or fatalit* or mortalit* or morbidit* or illness* or disease*)  


Databases=SSCI Timespan=1993-2013 


# 2 693  TS=((cold or colder) NEAR/2 (spell* or season* or month* or period* or 


condition* or event or related or excess or excessive or severe or severity 


or extreme))  


Databases=SSCI Timespan=1993-2013 


# 1 439  TS=((winter or weather or temperature*) NEAR/3 (death* or fatalit* or 


mortalit* or morbidit* or illness* or disease*))  


Databases=SSCI Timespan=1993-2013 


 


Key: 


TS Topic (searches terms in Title, Abstract, Author Keywords and Keywords Plus fields) 


SU Research Area (specific fields of study) 


WC Web of Science Category (specific fields of study) 


NEAR   searches for adjacent terms 


NEAR/3 searches for terms within three words of each other 


* truncation symbol 



http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=153&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=152&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=150&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=149&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=148&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=147&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=146&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=145&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=144&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=143&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=142&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=141&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch





48 


 


"  " phrase search 


 


Conference Proceedings Citation Index-Science (CPCI-S) (Web of Science). 1990 – 2013-09-27. 


Searched 2 October 2013. 


 


# 33 238  #27 NOT #32  


Databases=CPCI-S Timespan=1993-2013 


# 32 4,622,783  #28 or #29 or #30 or #31  


Databases=CPCI-S Timespan=1993-2013 


# 31 1,199,928  SU=(Agriculture or "Astronomy & Astrophysics" or "Biochemistry & 


Molecular Biology" or "Biodiversity & Conservation" or Chemistry or 


Crystallography or Electrochemistry or "Energy & Fuels" or Entomology 


or "Evolutionary Biology" or Fisheries or "Food Science & Technology" 


or Forestry or "Geochemistry & Geophysics" or Geology or "Marine & 


Freshwater Biology" or "Medical Laboratory Technology" or 


Oceanography or Parasitology or"Plant Sciences" or Spectroscopy or 


"Veterinary Sciences" or Zoology)  


Databases=CPCI-S Timespan=1993-2013 


# 30 4,304,050  WC=(Agricultural or Agriculture or Agronomy or Astronomy or 


Astrophysics or Biochemistry or "Biodiversity Conservation" or 


"Molecular Biology" or Chemistry or "Computer Science" or Ecology or 


"Energy & Fuels" or Engineering or Entomology or "Evolutionary 


Biology" or Fisheries or "Food Science & Technology" or Forestry or 


Genetics or Heredity or Geology or Geosciences or Horticulture or 


"Marine & Freshwater Biology" or "Materials Science" or "Meteorology 


& Atmospheric Sciences" or Mineralogy or "Mining & Mineral 


Processing" or Oceanography or Parasitology or Physics or "Plant 


Sciences" or "Soil Science" or Spectroscopy or "Veterinary Sciences" or 


"Water Resources" or Zoology)  


Databases=CPCI-S Timespan=1993-2013 


# 29 350,620  TS=(tree or trees or woodland or forest or forests or plant or plants or 


leaf or leaves or soil or agriculture or agricultural or agronomy or crop 


or crops or grass or grasses)  


Databases=CPCI-S Timespan=1993-2013 


# 28 353,128  TS=(rat or rats or mouse or mice or murine or hamster or hamsters or 


animal or animals or dogs or dog or canine or pig or pigs or cats or 


bovine or cow or cattle or sheep or ovine or porcine or monkey or 


monkeys or hen or hens or chicken or chickens or poultry or rabbit or 


rabbits or fish or fishes or salmon or bird or birds or insect or insects)  


Databases=CPCI-S Timespan=1993-2013 


# 27 723  #8 or #12 or #20 or #26  


Databases=CPCI-S Timespan=1993-2013 


# 26 219  #21 or #22 or #23 or #24 or #25  


Databases=CPCI-S Timespan=1993-2013 
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# 25 4  TI=("health forecast*")  


Databases=CPCI-S Timespan=1993-2013 


# 24 133  TI=(("forecast" or "alert" or "alerts" or "warning" or "warnings" or 


"alarm" or "alarms") NEAR/3 ("cold" or "colder" or "weather" or 


"winter" or "met office" or "meteorological office"))  


Databases=CPCI-S Timespan=1993-2013 


# 23 0  TI=((grit or gritted or gritting or gritter*) NEAR/3 (road* or pavement* 


or sidewalk* or driveway* or pathway* or path or paths))  


Databases=CPCI-S Timespan=1993-2013 


# 22 61  TI=(("accident" or "accidents" or "injury" or "injuries" or "injured" or 


fracture*) NEAR/3 ("winter" or "snow" or "ice" or "weather"))  


Databases=CPCI-S Timespan=1993-2013 


# 21 22  TI=(("falls" or "falling" or "slip" or "slips" or "slipping") NEAR/3 ("winter" 


or "snow" or "ice" or "weather"))  


Databases=CPCI-S Timespan=1993-2013 


# 20 198  #13 or #14 or #15 or #16 or #17 or #18 or #19  


Databases=CPCI-S Timespan=1993-2013 


# 19 3  TI=( "Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" or 


"Energy Company Obligation")  


Databases=CPCI-S Timespan=1993-2013 


# 18 34  TI=(insulat* NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=CPCI-S Timespan=1993-2013 


# 17 1  TI=( "home energy " NEAR/3 (program* or assist*))  


Databases=CPCI-S Timespan=1993-2013 


# 16 41  TI=("energy efficien*" NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented 


or tenancy or tenancies or dwelling* or domestic*))  


Databases=CPCI-S Timespan=1993-2013 


# 15 6  TI=(damp NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=CPCI-S Timespan=1993-2013 


# 14 89  TI=((warm* or heat* or underheat* or temperature*) NEAR/2 (home or 


homes or house or houses or household* or housing or 


accommodation* or rent or rents or rented or tenancy or tenancies or 


dwelling*))  


Databases=CPCI-S Timespan=1993-2013 


# 13 27  TI=((cold or freez* or frozen) NEAR/3 (home or homes or house or 


houses or household* or housing or accommodation* or rent or rents 


or rented or tenancy or tenancies or dwelling*))  


Databases=CPCI-S Timespan=1993-2013 


# 12 31  #9 or #10 or #11  
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Databases=CPCI-S Timespan=1993-2013 


# 11 23  TI=(("heating" or gas or electricity) NEAR/2 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=CPCI-S Timespan=1993-2013 


# 10 5  TI=((winter or cold or weaher) NEAR/3 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=CPCI-S Timespan=1993-2013 


# 9 3  TI=(fuel NEAR/3 (winter or poverty or poor or afford or affordable or 


affordability or tariff*))  


Databases=CPCI-S Timespan=1993-2013 


# 8 278  #1 or #4 or #5 or #6 or #7  


Databases=CPCI-S Timespan=1993-2013 


# 7 42  TI=(season* NEAR/3 (death* or fatalit* or mortalit* or morbidit* or 


"risk" or "risks" or vulnerabl* or suceptib*))  


Databases=CPCI-S Timespan=1993-2013 


# 6 70  TI=((winter or weather or temperature* or cold or colder) NEAR/3 


(vulnerab* or "risk" or "risks" or suceptib*))  


Databases=CPCI-S Timespan=1993-2013 


# 5 20  TI=((excess or excessive or severe or severity or exposure) NEAR/3 


winter)  


Databases=CPCI-S Timespan=1993-2013 


# 4 10  #2 and #3  


Databases=CPCI-S Timespan=1993-2013 


# 3 197  TI=((cold or colder) NEAR/2 (spell* or season* or month* or period* or 


condition* or event or related or excess or excessive or severe or 


severity or extreme))  


Databases=CPCI-S Timespan=1993-2013 


# 2 134,816  TI=(death* or fatalit* or mortalit* or morbidit* or illness* or disease*)  


Databases=CPCI-S Timespan=1993-2013 


# 1 147  TI=((winter or weather or temperature*) NEAR/3 (death* or fatalit* or 


mortalit* or morbidit* or illness* or disease*))  


Databases=CPCI-S Timespan=1993-2013 


 


Key: 


TS Topic (searches terms in Title, Abstract, Author Keywords and Keywords Plus fields) 


SU Research Area (specific fields of study) 


WC Web of Science Category (specific fields of study) 


NEAR   searches for adjacent terms 


NEAR/3 searches for terms within three words of each other 


* truncation symbol 


"  " phrase search 


 


Conference Proceedings Citation Index-Social Science & Humanities (CPCI-SSH) (Web of Science). 


1990 – 2013-09-27. Searched 2 October 2013. 
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# 33 112 #27 NOT #32  


Databases=CPCI-SSH Timespan=1993-2013 


# 32 120,196 #28 or #29 or #30 or #31  


Databases=CPCI-SSH Timespan=1993-2013 


# 31 11,270 SU=(Agriculture or "Astronomy & Astrophysics" or "Biochemistry & 


Molecular Biology" or "Biodiversity & Conservation" or Chemistry or 


Crystallography or Electrochemistry or "Energy & Fuels" or Entomology or 


"Evolutionary Biology" or Fisheries or "Food Science & Technology" or 


Forestry or "Geochemistry & Geophysics" or Geology or "Marine & 


Freshwater Biology" or "Medical Laboratory Technology" or 


Oceanography or Parasitology or"Plant Sciences" or Spectroscopy or 


"Veterinary Sciences" or Zoology)  


Databases=CPCI-SSH Timespan=1993-2013 


# 30 105,727 WC=(Agricultural or Agriculture or Agronomy or Astronomy or 


Astrophysics or Biochemistry or "Biodiversity Conservation" or 


"Molecular Biology" or Chemistry or "Computer Science" or Ecology or 


"Energy & Fuels" or Engineering or Entomology or "Evolutionary Biology" 


or Fisheries or "Food Science & Technology" or Forestry or Genetics or 


Heredity or Geology or Geosciences or Horticulture or "Marine & 


Freshwater Biology" or "Materials Science" or "Meteorology & 


Atmospheric Sciences" or Mineralogy or "Mining & Mineral Processing" 


or Oceanography or Parasitology or Physics or "Plant Sciences" or "Soil 


Science" or Spectroscopy or "Veterinary Sciences" or "Water Resources" 


or Zoology)  


Databases=CPCI-SSH Timespan=1993-2013 


# 29 17,347 TS=(tree or trees or woodland or forest or forests or plant or plants or 


leaf or leaves or soil or agriculture or agricultural or agronomy or crop or 


crops or grass or grasses)  


Databases=CPCI-SSH Timespan=1993-2013 


# 28 6,472 TS=(rat or rats or mouse or mice or murine or hamster or hamsters or 


animal or animals or dogs or dog or canine or pig or pigs or cats or bovine 


or cow or cattle or sheep or ovine or porcine or monkey or monkeys or 


hen or hens or chicken or chickens or poultry or rabbit or rabbits or fish 


or fishes or salmon or bird or birds or insect or insects)  


Databases=CPCI-SSH Timespan=1993-2013 


# 27 226 #8 or #12 or #20 or #26  


Databases=CPCI-SSH Timespan=1993-2013 


# 26 39 #21 or #22 or #23 or #24 or #25  


Databases=CPCI-SSH Timespan=1993-2013 


# 25 1 TS=("health forecast*")  


Databases=CPCI-SSH Timespan=1993-2013 


# 24 22 TS=(("forecast" or "alert" or "alerts" or "warning" or "warnings" or 


"alarm" or "alarms") NEAR/3 ("cold" or "colder" or "weather" or "winter" 
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or "met office" or "meteorological office"))  


Databases=CPCI-SSH Timespan=1993-2013 


# 23 1 TS=((grit or gritted or gritting or gritter*) NEAR/3 (road* or pavement* or 


sidewalk* or driveway* or pathway* or path*1))  


Databases=CPCI-SSH Timespan=1993-2013 


# 22 11 TS=(("accident" or "accidents" or "injury" or "injuries" or "injured" or 


fracture*) NEAR/3 ("winter" or "snow" or "ice" or "weather"))  


Databases=CPCI-SSH Timespan=1993-2013 


# 21 5 TS=(("falls" or "falling" or "slip" or "slips" or "slipping") NEAR/3 ("winter" 


or "snow" or "ice" or "weather"))  


Databases=CPCI-SSH Timespan=1993-2013 


# 20 78 #13 or #14 or #15 or #16 or #17 or #18 or #19  


Databases=CPCI-SSH Timespan=1993-2013 


# 19 0  TS=( "Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" or 


"Energy Company Obligation")  


Databases=CPCI-SSH Timespan=1993-2013 


# 18 12 TS=(insulat* NEAR/3 (home or homes or house or houses or household* 


or housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 17 2 TS=( "home energy " NEAR/3 (program* or assist*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 16 31 TS=("energy efficien*" NEAR/3 (home or homes or house or houses or 


household* or housing or accommodation* or rent or rents or rented or 


tenancy or tenancies or dwelling* or domestic*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 15 0  TS=(damp NEAR/3 (home or homes or house or houses or household* or 


housing or accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 14 26 TS=((warm* or heat* or underheat* or temperature*) NEAR/2 (home or 


homes or house or houses or household* or housing or accommodation* 


or rent or rents or rented or tenancy or tenancies or dwelling*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 13 13 TS=((cold or freez* or frozen) NEAR/3 (home or homes or house or 


houses or household* or housing or accommodation* or rent or rents or 


rented or tenancy or tenancies or dwelling*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 12 27 #9 or #10 or #11  


Databases=CPCI-SSH Timespan=1993-2013 


# 11 17 TS=(("heating" or gas or electricity) NEAR/2 (payment* or allowance* or 


benefit* or grant* or voucher*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 10 1 TS=((winter or cold or weaher) NEAR/3 (payment* or allowance* or 



http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=277&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=276&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=275&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=274&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=272&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=271&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=270&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=268&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=267&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=266&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=265&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=263&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch





53 


 


benefit* or grant* or voucher*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 9 9 TS=("fuel" NEAR/3 (winter or poverty or poor or afford or affordable or 


affordability or tariff*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 8 87 #1 or #4 or #5 or #6 or #7  


Databases=CPCI-SSH Timespan=1993-2013 


# 7 12 TS=(season* NEAR/2 (death* or fatalit* or mortalit* or morbidit* or 


"risk" or "risks" or vulnerabl* or suceptib*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 6 34 TS=((winter or weather or temperature* or cold or colder) NEAR/2 


(vulnerab* or "risk" or "risks" or suceptib*))  


Databases=CPCI-SSH Timespan=1993-2013 


# 5 20 TS=((excess or excessive or severe or severity or exposure) NEAR/3 


winter)  


Databases=CPCI-SSH Timespan=1993-2013 


# 4 7 #2 and #3  


Databases=CPCI-SSH Timespan=1993-2013 


# 3 12,795 TS=(death* or fatalit* or mortalit* or morbidit* or illness* or disease*)  


Databases=CPCI-SSH Timespan=1993-2013 


# 2 88 TS=((cold or colder) NEAR/2 (spell* or season* or month* or period* or 


condition* or event or related or excess or excessive or severe or severity 


or extreme))  


Databases=CPCI-SSH Timespan=1993-2013 


# 1 17 TS=((winter or weather or temperature*) NEAR/3 (death* or fatalit* or 


mortalit* or morbidit* or illness* or disease*))  


Databases=CPCI-SSH Timespan=1993-2013 


 


Key: 


TS Topic (searches terms in Title, Abstract, Author Keywords and Keywords Plus fields) 


SU Research Area (specific fields of study) 


WC Web of Science Category (specific fields of study) 


NEAR   searches for adjacent terms 


NEAR/3 searches for terms within three words of each other 


* truncation symbol 


"  " phrase search 


 


HMIC (OvidSP). 1979-2013/March. Searched 30 September 2013. 


 


1     exp Winter/ (180) 


2     Snow/ or Ice/ (4) 


3     1 or 2 (183) 


4     exp Death/ (2782) 


5     exp Mortality/ (5160) 
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http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=255&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=254&SID=W2nHMbGz9nEQQ2kiYGQ&search_mode=AdvancedSearch
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6     exp Morbidity/ (3077) 


7     exp Risk factors/ (3899) 


8     or/4-7 (12869) 


9     3 and 8 (30) 


10     exp "Cold as cause of disease"/ (48) 


11     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (58) 


12     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (6) 


13     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 


(20) 


14     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. (52) 


15     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. (49) 


16     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (11) 


17     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (17) 


18     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (2) 


19     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (6) 


20     exp Seasonal factors/ and (Death/ or Mortality/ or Morbidity/ or Risk Factors/) (20) 


21     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. (39) 


22     or/9-21 (224) 


23     exp Fuel poverty/ (40) 


24     ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. (79) 


25     (winter adj3 fuel).ti,ab. (6) 


26     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (3) 


27     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (10) 


28     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. (12) 


29     or/23-28 (118) 


30     exp Housing/ (3183) 


31     exp Winter/ or exp Seasonal Factors/ (286) 


32     exp building climatic services/ (390) 


33     warmth/ (36) 


34     30 and (31 or 32 or 33) (17) 


35     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. (26) 


36     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab. (64) 


37     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. (24) 


38     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. (2) 


39     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. (0) 
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40     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab. (0) 


41     ((energy adj3 efficien$) and (home or homes or house or houses or household$ or 


housing)).ti,ab. (38) 


42     ((energy adj3 efficien$) and (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$ or domestic$)).ti,ab. (12) 


43     (home energy adj3 (program$ or assist$)).ti,ab. (1) 


44     (insulat$ adj4 (home or homes or house or houses or household$ or housing)).ti,ab. (9) 


45     (insulat$ adj4 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. (0) 


46     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company Obligation).ti,ab. 


(4) 


47     thermal comfort.ti,ab. (10) 


48     or/34-47 (150) 


49     exp Accidents/ (2703) 


50     exp wounds & injuries/ (2186) 


51     Winter/ or Snow/ or Ice/ (183) 


52     exp seasonal factors/ (131) 


53     (49 or 50) and (51 or 52) (0) 


54     exp Weather hazards/ (51) 


55     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab. (9) 


56     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab. (5) 


57     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab. (0) 


58     or/53-57 (65) 


59     exp Weather/ and exp Forecasting/ (4) 


60     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. (18) 


61     health forecast$.ti,ab. (9) 


62     or/59-61 (26) 


63     22 or 29 or 48 or 58 or 62 (482) 


64     limit 63 to yr="1993 -Current" (352) 


 


Key: 


/         subject heading 


exp     explode subject heading 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 
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PsycINFO (OvidSP). 1806-2013/Sep week 4. Searched 30 September 2013. 


 


1     temperature effects/ or cold effects/ (3080) 


2     "death and dying"/ (21318) 


3     exp Morbidity/ (2616) 


4     risk factors/ (41469) 


5     1 and (2 or 3 or 4) (21) 


6     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (37) 


7     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. (17) 


8     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 


(57) 


9     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. (531) 


10     (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. (314094) 


11     9 and 10 (55) 


12     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. (86) 


13     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (32) 


14     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (20) 


15     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (25) 


16     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. (13) 


17     seasonal variations/ and ("death and dying"/ or exp Morbidity/ or risk factors/) (78) 


18     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. (110) 


19     or/5-8,11-18 (490) 


20     ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. (85) 


21     (winter adj3 fuel).ti,ab. (0) 


22     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (9) 


23     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. (2) 


24     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. (20) 


25     or/20-24 (115) 


26     housing/ and (Temperature effects/ or cold effects/) (4) 


27     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. (17) 


28     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab. (93) 


29     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. (17) 


30     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. (2) 


31     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. (4) 


32     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab. (1) 
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33     ((energy adj3 efficien$) and (home or homes or house or houses or household$ or 


housing)).ti,ab. (37) 


34     ((energy adj3 efficien$) and (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$ or domestic$)).ti,ab. (9) 


35     (home energy adj3 (program$ or assist$)).ti,ab. (7) 


36     (insulat$ adj4 (home or homes or house or houses or household$ or housing)).ti,ab. (12) 


37     (insulat$ adj4 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. (0) 


38     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company Obligation).ti,ab. 


(2) 


39     or/26-38 (185) 


40     (exp accidents/ or exp Injuries/) and exp Seasonal Variations/ (22) 


41     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab. (372) 


42     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab. (78) 


43     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab. (0) 


44     or/40-43 (463) 


45     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. (87) 


46     health forecast$.ti,ab. (1) 


47     45 or 46 (88) 


48     19 or 25 or 39 or 44 or 47 (1312) 


49     limit 48 to (human and english language and yr="1993 -Current") (829) 


 


Key: 


/         subject heading 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


Cochrane Library: CDSR, DARE, CENTRAL, NHS EED and HTA (Wiley). 2013:Issue 9/12 and 3/4. 


Searched 1 October 2013. 


 


#1 MeSH descriptor: [Cold Temperature] explode all trees 1110 


#2 MeSH descriptor: [Snow] this term only 5 


#3 MeSH descriptor: [Ice] this term only 83 


#4 #1 or #2 or #3  1181 


#5 MeSH descriptor: [Death] explode all trees 1500 


#6 MeSH descriptor: [Mortality] explode all trees 10049 


#7 [mh /MO]  20804 
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#8 MeSH descriptor: [Morbidity] explode all trees 10513 


#9 MeSH descriptor: [Risk Factors] this term only 17598 


#10 #5 or #6 or #7 or #8 or #9  46439 


#11 #4 and #10  35 


#12 (winter near/4 (death* or fatalit* or mortalit* or morbidit* or illness* or disease*)):ti,ab,kw 


 26 


#13 (weather near/3 (death* or fatalit* or mortalit* or morbidit* or illness* or 


disease*)):ti,ab,kw  5 


#14 (temperature* near/3 (death* or fatalit* or mortalit* or morbidit* or illness* or 


disease*)):ti,ab,kw  131 


#15 ((cold or colder) near/4 (spell* or season* or month* or period* or condition* or event or 


events or related or excess or excessive or severe or severity or extreme)):ti,ab,kw  280 


#16 (death* or fatalit* or mortalit* or morbidit* or illness* or disease*):ti,ab,kw  173933 


#17 #15 and #16  92 


#18 ((excess or excessive or severe or severity or exposure) near/3 winter):ti,ab,kw  18 


#19 (winter near/4 (vulnerab* or risk or risks or suceptib*)):ti,ab,kw  5 


#20 (temperature* near/3 (vulnerab* or risk or risks or suceptib*)):ti,ab,kw  26 


#21 (weather near/3 (vulnerab* or risk or risks or suceptib*)):ti,ab,kw  3 


#22 ((cold or colder) near/3 (vulnerab* or risk or risks or suceptib*)):ti,ab,kw  17 


#23 MeSH descriptor: [Seasons] this term only 707 


#24 MeSH descriptor: [Death] this term only 64 


#25 MeSH descriptor: [Mortality] this term only 390 


#26 MeSH descriptor: [Morbidity] this term only 664 


#27 MeSH descriptor: [Risk Factors] this term only 17598 


#28 #24 or #25 or #26 or #27  18533 


#29 #23 and #28  43 


#30 (season* near/3 (death* or fatalit* or mortalit* or morbidit* or risk or risks or vulnerabl* or 


suceptib*)):ti,ab,kw  68 


#31 #11 or #12 or #13 or #14 or #17 or #18 or #19 or #20 or #21 or #22 or #29 or #30  411 


#32 ((fuel or energy or gas or electricity) near/3 (poverty or poor or afford or affordable or 


affordability or tariff*)):ti,ab,kw  18 


#33 (winter near/3 fuel):ti,ab,kw  0 


#34 (winter near/3 (payment* or allowance* or benefit* or grant* or voucher*)):ti,ab,kw  3 


#35 ((cold or weather) near/3 (payment* or allowance* or benefit* or grant* or 


voucher*)):ti,ab,kw  10 


#36 ((heat* or gas or electricity) near/3 (payment* or allowance* or benefit* or grant* or 


voucher*)):ti,ab,kw  21 


#37 #32 or #33 or #34 or #35 or #36  51 


#38 MeSH descriptor: [Housing] explode all trees 252 


#39 MeSH descriptor: [Cold Temperature] explode all trees 1110 


#40 MeSH descriptor: [Heating] this term only 120 


#41 #38 and (#39 or #40)  12 


#42 ((cold or freez* or frozen) near/3 (home or homes or house or houses or household* or 


housing)):ti,ab,kw  3 
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#43 ((warm* or heat* or underheat* or temperature*) near/3 (home or homes or house or 


houses or household* or housing)):ti,ab,kw  48 


#44 ((damp* or humid* or mold or moldy or mould or mouldy or condensation*) near/3 (home 


or homes or house or houses or household* or housing)):ti,ab,kw  25 


#45 ((cold or freez* or frozen) near/3 (accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling*)):ti,ab,kw  0 


#46 ((warm* or heat* or underheat* or temperature*) near/3 (accommodation* or rent or rents 


or rented or tenancy or tenancies or dwelling*)):ti,ab,kw  2 


#47 ((damp or humid or mold or moldy or mould or mouldy) near/3 (accommodation* or rent or 


rents or rented or tenancy or tenancies or dwelling*)):ti,ab,kw  0 


#48 ((energy near/3 efficien*) and (home or homes or house or houses or household* or 


housing)):ti,ab,kw  6 


#49 ((energy near/3 efficien*) and (accommodation* or rent or rents or rented or tenancy or 


tenancies or dwelling* or domestic*)):ti,ab,kw  0 


#50 ("home energy" near/3 (program* or assist*)):ti,ab,kw  0 


#51 (insulat* near/4 (home or homes or house or houses or household* or housing)):ti,ab,kw 


 8 


#52 (insulat* near/4 (accommodation* or rent or rents or rented or tenancy or tenancies or 


dwelling*)):ti,ab,kw  0 


#53 ("Warm Front" or "Warm Deal" or "Green Deal" or "Warm Zone" or "Energy Company 


Obligation"):ti,ab,kw  0 


#54 "thermal comfort":ti,ab,kw  60 


#55 #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or #51 or #52 or #53 or 


#54  137 


#56 MeSH descriptor: [Accidents] explode all trees 4421 


#57 MeSH descriptor: [Wounds and Injuries] explode all trees 14069 


#58 MeSH descriptor: [Snow] this term only 5 


#59 MeSH descriptor: [Ice] this term only 83 


#60 MeSH descriptor: [Seasons] this term only 707 


#61 (#56 or #57) and (#58 or #59 or #60)  55 


#62 ((fall or falls or falling or slip or slips or slipping) near/3 (winter or snow or ice or weather or 


season*)):ti,ab,kw  67 


#63 ((accident* or injury or injuries or injured or fracture* or trauma*) near/3 (winter or snow or 


ice or weather or season*)):ti,ab,kw  17 


#64 ((grit or gritted or gritting or gritter*) near/3 (road* or pavement* or sidewalk* or driveway* 


or pathway* or path or paths)):ti,ab,kw  0 


#65 #61 or #62 or #63 or #64  137 


#66 MeSH descriptor: [Forecasting] this term only 455 


#67 MeSH descriptor: [Weather] this term only 25 


#68 #66 and #67  1 


#69 ((forecast* or alert* or warning* or alarm*) near/3 (cold or colder or weather or winter or 


"met office" or "meteorological office")):ti,ab,kw  7 


#70 health next forecast*:ti,ab,kw  3 


#71 #68 or #69 or #70  10 


#72 #31 or #37 or #55 or #65 or #71  722 
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#73 #31 or #37 or #55 or #65 or #71 from 1993 598 


 


Key: 


MeSH descriptor         subject heading (MeSH) 


explode all trees explode subject heading (MeSH) 


:ti,ab,kw        searches are restricted to the title, abstract and keyword fields 


near       searches for adjacent terms 


near/3   searches for terms within three words of each other 


*   truncation symbol 


 


EconLit (OvidSP). 1961-2013/Aug. Searched 30 September 2013. 


 


1     (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab,kw. (12) 


2     (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab,kw. (18) 


3     (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or 


disease$)).ti,ab,kw. (13) 


4     ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab,kw. (115) 


5     (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab,kw. (13550) 


6     4 and 5 (12) 


7     ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab,kw. (7) 


8     (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab,kw. (3) 


9     (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,kw. (20) 


10     (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,kw. (139) 


11     ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab,kw. (4) 


12     (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab,kw. (44) 


13     or/1-3,6-12 (253) 


14     (fuel adj3 (poverty or poor or afford or affordable or affordability or tariff$)).ti,ab,kw. (87) 


15     (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab,kw. (3) 


16     ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab,kw. 


(6) 


17     ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab,kw. (132) 


18     or/14-17 (227) 


19     ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab,kw. (15) 


20     ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses or 


household$ or housing)).ti,ab,kw. (80) 


21     ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or households or housing)).ti,ab,kw. (13) 


22     ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab,kw. (1) 


23     ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab,kw. (6) 







61 


 


24     ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or rents 


or rented or tenancy or tenancies or dwelling$)).ti,ab,kw. (1) 


25     (energy efficienc$ adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab,kw. (88) 


26     (energy efficienc$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$ or domestic$)).ti,ab,kw. (18) 


27     (home energy adj3 (program$ or assist$)).ti,ab,kw. (2) 


28     (insulat$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab,kw. (20) 


29     (insulat$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab,kw. (0) 


30     (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company 


Obligation).ti,ab,kw. (8) 


31     thermal comfort.ti,ab,kw. (21) 


32     or/19-31 (245) 


33     ((fall or falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather or 


season$)).ti,ab,kw. (33) 


34     ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or ice 


or weather or season$)).ti,ab,kw. (4) 


35     ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ or 


pathway$ or path$1)).ti,ab,kw. (0) 


36     or/33-35 (37) 


37     ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab,kw. (66) 


38     health forecast$.ti,ab,kw. (1) 


39     37 or 38 (67) 


40     13 or 18 or 32 or 36 or 39 (793) 


41     limit 40 to yr="1993 -Current" (745) 


 


Key: 


.ti,ab,kw.   searches are restricted to the title, abstract and keyword fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


CEA Registry (www.cearegistry.org). Searched 3 October 2013. 


 


The Basic search option only allows one word/phrase at a time: searched each line separately and 


then browsed for potentially useful records. 


 


winter  1 (0 potentially relevant) 


snow  2 (0 potentially relevant) 


weather 1 (0 potentially relevant) 


season  33 (0 potentially relevant: mostly about influenza vaccination) 
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seasonal 16 (0 potentially relevant: mostly about influenza vaccination) 


fuel  1 (0 potentially relevant) 


housing 3 (0 potentially relevant) 


energy  15 (0 potentially relevant) 


falls  37 (0 potentially relevant: general falls prevention, not winter specific) 


forecast 19 (0 potentially relevant) 


 


RePEc (http://repec.org/). Searched 3 October 2013. 


 


IDEAS search interface 


 


(winter | weather | temperature) + (death | deaths | fatality | fatalities | mortality) 


In: Title 


Publication Date Range: 1993 to 2013 


20 records retrieved 


 


(winter | weather | temperature) + (death | deaths | fatality | fatalities | mortality) 


In: Abstract 


Publication Date Range: 1993 to 2013 


127 records retrieved 


 


(season | seasonal) + (death | deaths | fatality | fatalities | mortality) 


In: Title 


Publication Date Range: 1993 to 2013 


4 records retrieved 


 


(season | seasonal) + (death | deaths | fatality | fatalities | mortality) 


In: Abstract 


Publication Date Range: 1993 to 2013 


75 records retrieved 


 


("fuel poverty" | "winter fuel" | "winter payment" | "cold payment" | "weather payment" |  "winter 


payments" | "cold payments" | "weather payments") 


In: Title 


Publication Date Range: 1993 to 2013 


32 records retrieved 


 


("fuel poverty" | "winter fuel" | "winter payment" | "cold payment" | "weather payment" |  "winter 


payments" | "cold payments" | "weather payments") 


In: Abstract 


Publication Date Range: 1993 to 2013 


65 records retrieved 


 


"cold home" | "cold homes" | "cold house" | "cold houses" | "cold household*" | "cold housing" 


In: Title 
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Publication Date Range: 1993 to 2013 


8 records retrieved 


 


"cold home" | "cold homes" | "cold house" | "cold houses" | "cold household*" | "cold housing" 


In: Abstract 


Publication Date Range: 1993 to 2013 


3 records retrieved 


 


"warm home" | "warm homes" | "warm house" | "warm houses" | "warm households" | "warm 


housing" | "warmer home" | "warmer homes" | "warmer house" | "warmer houses" | "warmer 


households" | "warmer housing" 


In: Title 


Publication Date Range: 1993 to 2013 


2 records retrieved 


 


"warm home" | "warm homes" | "warm house" | "warm houses" | "warm households" | "warm 


housing" | "warmer home" | "warmer homes" | "warmer house" | "warmer houses" | "warmer 


households" | "warmer housing" 


In: Abstract 


Publication Date Range: 1993 to 2013 


0 records retrieved 


 


"heating home" | "heating homes" | "heating house" | "heating houses" | "heating households" | 


"heating housing" | "Warm Front" | "Warm Deal" | "Green Deal" | "Warm Zone" | "Energy 


Company Obligation" 


In: Title 


Publication Date Range: 1993 to 2013 


9 records retrieved 


 


"heating home" | "heating homes" | "heating house" | "heating houses" | "heating households" | 


"heating housing" | "Warm Front" | "Warm Deal" | "Green Deal" | "Warm Zone" | "Energy 


Company Obligation" 


In: Abstract 


Publication Date Range: 1993 to 2013 


12 records retrieved 


 


"damp home" | "damp homes" | "damp house" | "damp houses" | "damp household*" | "damp 


housing" 


In: Title 


Publication Date Range: 1993 to 2013 


0 records retrieved 


 


"damp home" | "damp homes" | "damp house" | "damp houses" | "damp household*" | "damp 


housing" 


In: Abstract 
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Publication Date Range: 1993 to 2013 


1 record retrieved 


 


"energy efficient home" | "energy efficiency home" | "energy efficient homes" | "energy efficiency 


homes" | "energy efficient house" | "energy efficiency house" | "energy efficient houses" | "energy 


efficiency houses" | "energy efficient households" | "energy efficiency households" | "energy 


efficient housing" | "energy efficiency housing" 


In: Title 


Publication Date Range: 1993 to 2013 


6 records retrieved 


 


"energy efficient home" | "energy efficiency home" | "energy efficient homes" | "energy efficiency 


homes" | "energy efficient house" | "energy efficiency house" | "energy efficient houses" | "energy 


efficiency houses" | "energy efficient households" | "energy efficiency households" | "energy 


efficient housing" | "energy efficiency housing" 


In: Abstract 


Publication Date Range: 1993 to 2013 


15 records retrieved 


 


("energy efficient" | "energy efficiency") + cost 


In: Title 


Publication Date Range: 1993 to 2013 


34 records retrieved 


[NB almost 600 records when searched in Abstract] 


 


"winter falls" | "winter accidents" | "winter injuries" | "seasonal falls" | " seasonal accidents" | " 


seasonal injuries"  


In: Title 


Publication Date Range: 1993 to 2013 


0 records retrieved 


 


"winter falls" | "winter accidents" | "winter injuries" | "seasonal falls" | " seasonal accidents" | " 


seasonal injuries"  


In: Abstract 


Publication Date Range: 1993 to 2013 


0 records retrieved 


 


"health forecast" | "health forecasts" | "health forecasting" 


In: Title 


Publication Date Range: 1993 to 2013 


1 record retrieved 


 


"health forecast" | "health forecasts" | "health forecasting" 


In: Abstract 


Publication Date Range: 1993 to 2013 
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1 record retrieved 


 


Key: 


| OR 


+ AND 


"   " phrase search  


 


Campbel Library (http://www.campbellcollaboration.org/library.php). Searched 3 October 2013. 


 


0 title is winter OR weather OR season* OR temperature OR cold OR colder 0 


1 keywords is winter OR weather OR season* OR temperature OR cold OR colder 0 


2 title is fuel 0 


3 keywords is fuel 0 


4 title is house OR houses OR housing 2 


5 keywords is house OR houses OR housing 1 


6 title is damp* OR mold* OR mould* 0 


7 keywords is damp* OR mold* OR mould* 0 


8 title is "energy efficient" OR "energy efficiency" 0 


9 keywords is "energy efficient" OR "energy efficiency" 0 


10 title is falls OR falling OR slip OR slips OR slipping 0 


11 keywords is falls OR falling OR slip OR slips OR slipping 0 


12 title is accident* OR injury OR injuries OR injured OR fracture* 3 


13 keywords is accident* OR injury OR injuries OR injured OR fracture* 2 


14 title is forecast* 0 


15 keywords is forecast* 0 


16 title is winter OR weather OR season* OR temperature OR cold OR colder or 


keywords is winter OR weather OR season* OR temperature OR cold OR colder or 


title is fuel or keywords is fuel or title is house OR houses OR housing or keywords 


is house OR houses OR housing or title is damp* OR mold* OR mould* or 


keywords is damp* OR mold* OR mould* or title is "energy efficient" OR "energy 


efficiency" or keywords is "energy efficient" OR "energy efficiency" or title is falls 


OR falling OR slip OR slips OR slipping or keywords is falls OR falling OR slip OR 


slips OR slipping or title is accident* OR injury OR injuries OR injured OR fracture* 


or keywords is accident* OR injury OR injuries OR injured OR fracture* or title is 


forecast* or keywords is forecast* 


6 


NB. Only 1 record was retrieved; the other 5 records were irrelevant 


 


Key: 


title  searches are restricted to the title field 


keywords searches are restricted to the keywords field 


*  truncation symbol 


"   "  phrase search  
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Trials Register of Promoting Health Interventions (TRoPHI) (EPPI-Centre database interface). 


Searched 3 October 2013. 


 


Freetext: "winter death*" OR "winter fatalit*" OR "winter mortalit*" OR "winter morbidit*" OR 


"winter illness*" OR "winter disease*" 0 


Freetext: "weather death*" OR "weather fatalit*" OR "weather mortalit*" OR "weather morbidit*" 


OR "weather illness*" OR "weather disease*" 0 


Freetext: "temperature* death*" OR "temperature* fatalit*" OR "temperature* mortalit*" OR 


"temperature* morbidit*" OR "temperature* illness*" OR "temperature* disease*"  0 


Freetext: "cold* death*" OR "cold* fatalit*" OR "cold* mortalit*" OR "cold* morbidit*" OR "cold* 


illness*" OR "cold* disease*"  0 


Freetext: (excess OR excessive OR severe OR severity OR exposure) AND (winter OR weather OR 


"temperature*" OR cold OR colder)  9 


Freetext: ("vulnerab*" or risk OR risks OR "suceptib*") AND (winter OR weather OR "temperature*" 


OR cold OR colder)  8 


Freetext: "season*" AND ("death*" OR "fatalit*" OR "mortalit*" OR "morbidit*" OR "risk*" OR 


"vulnerabl*" OR "suceptib*")  17 


Freetext: "fuel poverty" OR "winter fuel" OR "winter payment*" OR "cold payment*" OR "weather 


payment*"  0 


Freetext: (cold OR "freez*" OR frozen) AND (home OR homes OR house OR houses OR "household*" 


OR housing)  1 


Freetext: ("warm*" OR "heat*" OR "underheat*" OR "temperature*" OR "insulat*") AND (home OR 


homes OR house OR houses OR "household*" OR housing)  8 


Freetext: ("damp*" OR "mold*" OR "mould*") AND (home OR homes OR house OR houses OR 


"household*" OR housing)  2 


Freetext: "energy efficien*" OR "home energy" OR "Warm Front" OR "Warm Deal" OR "Green Deal" 


OR "Warm Zone" OR "Energy Company Obligation" OR "thermal comfort"  0 


Freetext: (falls OR falling OR slip OR slips OR slipping) AND (winter OR snow OR ice OR weather OR 


"season*")  2 


Freetext: ("accident*" OR injury OR injuries OR injured OR "fracture*" OR "trauma*") AND (winter 


OR snow OR ice OR weather OR "season*")  9 


Freetext: ("forecast*" OR "alert*" OR "warning*" OR "alarm*") AND (cold OR colder OR weather OR 


winter OR "met office" OR "meteorological office")  1 


Freetext: "health forecast*"  0 


1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16  44 


 


NB. Only 8 records were retrieved; the other 36 records were irrelevant 


 


Key: 


Freetext searches are restricted to the text fields (title, author and abstract) 


*  truncation symbol 


"   "  phrase search  


"  *"  ensures truncation search works 
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Database of Promoting Health Effectiveness Reviews (DoPHER) (EPPI-Centre database interface). 


Searched 3 October 2013. 


 


Freetext: "winter death*" OR "winter fatalit*" OR "winter mortalit*" OR "winter morbidit*" OR 


"winter illness*" OR "winter disease*"  0 


Freetext: "weather death*" OR "weather fatalit*" OR "weather mortalit*" OR "weather morbidit*" 


OR "weather illness*" OR "weather disease*" 0 


Freetext: "temperature* death*" OR "temperature* fatalit*" OR "temperature* mortalit*" OR 


"temperature* morbidit*" OR "temperature* illness*" OR "temperature* disease*"  0 


Freetext: "cold* death*" OR "cold* fatalit*" OR "cold* mortalit*" OR "cold* morbidit*" OR "cold* 


illness*" OR "cold* disease*"  0 


Freetext: (excess OR excessive OR severe OR severity OR exposure) AND (winter OR weather OR 


"temperature*" OR cold OR colder)  2 


Freetext: ("vulnerab*" or risk OR risks OR "suceptib*") AND (winter OR weather OR "temperature*" 


OR cold OR colder)  5 


Freetext: "season*" AND ("death*" OR "fatalit*" OR "mortalit*" OR "morbidit*" OR "risk*" OR 


"vulnerabl*" OR "suceptib*")  3 


Freetext: "fuel poverty" OR "winter fuel" OR "winter payment*" OR "cold payment*" OR "weather 


payment*"  0 


Freetext: (cold OR "freez*" OR frozen) AND (home OR homes OR house OR houses OR "household*" 


OR housing)  1 


Freetext: ("warm*" OR "heat*" OR "underheat*" OR "temperature*" OR "insulat*") AND (home OR 


homes OR house OR houses OR "household*" OR housing)  6 


Freetext: ("damp*" OR "mold*" OR "mould*") AND (home OR homes OR house OR houses OR 


"household*" OR housing)  2 


Freetext: "energy efficien*" OR "home energy" OR "Warm Front" OR "Warm Deal" OR "Green Deal" 


OR "Warm Zone" OR "Energy Company Obligation" OR "thermal comfort"  3 


Freetext: (falls OR falling OR slip OR slips OR slipping) AND (winter OR snow OR ice OR weather OR 


"season*")  0 


Freetext: ("accident*" OR injury OR injuries OR injured OR "fracture*" OR "trauma*") AND (winter 


OR snow OR ice OR weather OR "season*")  2 


Freetext: ("forecast*" OR "alert*" OR "warning*" OR "alarm*") AND (cold OR colder OR weather OR 


winter OR "met office" OR "meteorological office")  0 


Freetext: "health forecast*"  0 


1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16  14 


 


NB. Only 5 records were retrieved; the other 9 records were irrelevant 


 


Key: 


Freetext searches are restricted to the text fields (title, author and abstract) 


*  truncation symbol 


"   "  phrase search  


"  *"  ensures truncation search works 


 


OpenGrey (http://www.opengrey.eu/). Searched 3 October 2013. 
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("winter death*" OR "winter fatalit*" OR "winter mortalit*" OR "winter morbidit*" OR "winter 


illness*" OR "winter disease*" OR "fuel poverty" OR "winter fuel" OR "winter payment*" OR "cold 


payment*" OR "weather payment*" OR "cold home" OR "cold homes" OR "cold house" OR "cold 


houses" OR "cold household*" OR "cold housing" OR "warm* home" OR "warm* homes" OR 


"warm* house" OR "warm* houses" OR "warm* household*" OR "warm* housing" OR "heat* 


home" OR "heat* homes" OR "heat* house" OR "heat* houses" OR "heat* household*" OR "heat* 


housing" OR "Warm Zone" OR "Energy Company Obligation") 


 


Key: 


* truncation symbol 


"   " phrase search  


 


NICE Evidence  (                             ). Searched 18 October 2013. 


 


Limited by ‘Types of information’: Drug Medicines Management; Drug Costs; Commissioning Guides; 


Evidence Summaries; Grey literature; Guidelines; Health Technology Assessments; Policy and Service 


Development; Population Needs Assessment; Primary Research; Systematic Reviews - Not 


Population Intelligence; Patient Information 


 


"winter deaths" OR "winter death" 


"winter mortality" OR "winter morbidity" 


"fuel poverty" 


"weather payments" OR "weather payment" 


"cold homes" OR "cold house" OR "cold houses" OR "cold housing" 


"energy efficient homes" OR "energy efficient house" OR "energy efficient houses" OR "energy 


efficient housing" 


"home energy" OR "home insulation" 


"Warm Front" OR "Warm Deal" OR "Green Deal" OR "Warm Zone" OR "Energy Company Obligation" 


"winter fall" OR "winter falls" OR "winter accident" OR "winter accidents" 


"weather forecast" OR "weather forecasts" OR "weather forecasting" OR "weather alert" OR 


"weather alerts" 


"health forecast" OR "health forecasts" OR "health forecasting" 


 


Key: 


"   " phrase search  


 


RIBA Catalogue  (http://riba.sirsidynix.net.uk/uhtbin/webcat). Searched 15 October 2013. 


 


Advanced Search 


Keyword(s) 


 


winter ADJ death$ 


(winter OR temperature$ OR cold OR colder) AND mortalit$ 


(winter OR temperature$ OR cold OR colder) AND morbidit$ 
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(winter OR weather OR temperature$ OR cold OR colder) AND (vulnerab$ OR risk OR risks OR 


suceptib$) 


fuel ADJ poverty 


(cold OR freez$ OR frozen) ADJ (home OR homes OR house OR houses OR household$ OR housing)  


(warm$ OR heat$ OR underheat$ OR temperature$) (home OR homes OR house OR houses OR 


household$ OR housing)  


(damp$ OR humid$ OR mold$ OR mould$) ADJ (home OR homes OR house OR houses OR 


household$ OR housing) 


(energy ADJ efficien$) AND (home OR homes OR house OR houses OR household$ OR housing) 


(energy ADJ efficien$) AND (home OR homes OR house OR houses OR household$ OR housing) 


(home ADJ energy) AND (program$ OR assist$) 


 


1993 - 2013 


 


Key: 


ADJ     adjacent terms 


$ truncation symbol 


 


NYAM Grey Literature Report (http://www.greylit.org/). Searched 18 October 2013. 


 


Each line was searched separately 


 


winter death 


winter mortality 


winter morbidity 


fuel poverty 


weather payments 


weather payment 


cold homes 


cold house 


cold housing 


energy efficient home 


energy efficient house 


home energy 


home insulation 


winter falls 


winter accident 


weather forecast 


weather alert 


 


Scopus (Elsevier). 1823-2013/Oct. Searched 18 October 2013. 


 


Advanced search 
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((TITLE-ABS-KEY("Warm Front" OR "Warm Deal" OR "Green Deal" OR "Warm Zone" OR "Energy 


Company Obligation")) OR (TITLE-ABS-KEY("winter falls" OR "winter accident*" OR "winter injur*")) 


OR (TITLE-ABS-KEY("health forecast*")) OR ((TITLE-ABS-KEY("winter death" OR "winter fatalit*" OR 


"winter mortalit*" OR "winter morbidit*")) OR (TITLE-ABS-KEY(weather W/2 (death* OR fatalit* OR 


mortalit* OR morbidit*))) OR (TITLE-ABS-KEY("season* death" OR "season* fatalit*" OR "season* 


mortalit*" OR "season* morbidit*")) OR (TITLE-ABS-KEY((winter OR weather OR cold OR colder) W/2 


(vulnerab* OR risk OR risks OR suceptib*))) OR (TITLE-ABS-KEY("fuel poverty" OR "winter fuel" OR 


"winter payment*" OR "winter allowance*" OR "weather payment*" OR "weather allowance*")) OR 


(TITLE-ABS-KEY((cold OR freez* OR frozen) W/2 (home OR homes OR house OR houses OR 


household* OR housing))) OR (TITLE-ABS-KEY("energy efficien*" W/2 (home OR homes OR house OR 


houses OR household* OR housing))) OR (TITLE-ABS-KEY("home energy" W/2 (program* OR 


assist*))))) AND NOT ((ALL((rat OR rats OR mouse OR mice OR murine OR hamster OR hamsters OR 


animal OR animals OR dogs OR dog OR canine OR pig OR pigs OR cats OR bovine OR cow OR cattle 


OR sheep OR ovine OR porcine))) OR (ALL((monkey OR monkeys OR hen OR hens OR chicken OR 


chickens OR poultry OR rabbit OR rabbits OR fish OR fishes OR salmon OR bird OR birds OR insect OR 


insects))) OR (ALL((tree OR trees OR woodland OR forest OR forests OR plant OR plants OR leaf OR 


leaves OR soil OR agriculture OR agricultural OR agronomy OR crop OR crops OR grass OR grasses)))) 


AND (LIMIT-TO(PUBYEAR, 2014) OR LIMIT-TO(PUBYEAR, 2013) OR LIMIT-TO(PUBYEAR, 2012) OR 


LIMIT-TO(PUBYEAR, 2011) OR LIMIT-TO(PUBYEAR, 2010) OR LIMIT-TO(PUBYEAR, 2009) OR LIMIT-


TO(PUBYEAR, 2008) OR LIMIT-TO(PUBYEAR, 2007) OR LIMIT-TO(PUBYEAR, 2006) OR LIMIT-


TO(PUBYEAR, 2005) OR LIMIT-TO(PUBYEAR, 2004) OR LIMIT-TO(PUBYEAR, 2003) OR LIMIT-


TO(PUBYEAR, 2002) OR LIMIT-TO(PUBYEAR, 2001) OR LIMIT-TO(PUBYEAR, 2000) OR LIMIT-


TO(PUBYEAR, 1999) OR LIMIT-TO(PUBYEAR, 1998) OR LIMIT-TO(PUBYEAR, 1997) OR LIMIT-


TO(PUBYEAR, 1996) OR LIMIT-TO(PUBYEAR, 1995) OR LIMIT-TO(PUBYEAR, 1994) OR LIMIT-


TO(PUBYEAR, 1993)) AND (LIMIT-TO(LANGUAGE, "English")) AND (LIMIT-TO(SUBJAREA, "DECI") OR 


LIMIT-TO(SUBJAREA, "MEDI") OR LIMIT-TO(SUBJAREA, "ENVI") OR LIMIT-TO(SUBJAREA, "SOCI") OR 


LIMIT-TO(SUBJAREA, "BUSI") OR LIMIT-TO(SUBJAREA, "NURS") OR LIMIT-TO(SUBJAREA, "ECON") OR 


LIMIT-TO(SUBJAREA, "PSYC") OR LIMIT-TO(SUBJAREA, "HEAL") OR LIMIT-TO(SUBJAREA, "PHAR") OR 


LIMIT-TO(SUBJAREA, "DECI") OR LIMIT-TO(SUBJAREA, "MULT")) 


 


Key: 


SUBJAREA  Subject Areas 


TITLE-ABS-KEY   searches are restricted to the title, abstract and keyword fields 


W        searches for adjacent terms 


W/3   searches for terms within three words of each other 


*   truncation symbol 


"   "   phrase search 


 


Avery Index to Architectural Periodicals (ProQuest). 1934-2013/Oct. Searched 24 October 2013. 


 


TI,AB(winter NEAR/4 (death* OR fatality* OR mortality* OR morbidity* OR illness* OR disease*)) OR 


(TI,AB(winter NEAR/4 (death* OR fatality* OR mortality* OR morbidity* OR illness* OR disease*)) OR 


(TI,AB(weather NEAR/3 (death* OR fatality* OR mortality* OR morbidity* OR illness* OR disease*)) 


OR TI,AB(temperature* NEAR/3 (death* OR fatality* OR mortality* OR morbidity* OR illness* OR 


disease*)))) OR TI,AB((cold OR colder) NEAR/4 (spell* OR season* OR month* OR period* OR 
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condition* OR event*1 OR related OR excess OR excessive OR severe OR severity OR extreme)) OR 


TI,AB((excess OR excessive OR severe OR severity OR exposure) NEAR/3 winter) OR TI,AB(winter 


NEAR/4 (vulnerable* OR risk*1 OR suceptib*)) OR TI,AB(temperature* NEAR/3 (vulnerable* OR 


risk*1 OR suceptib*)) OR TI,AB(weather NEAR/3 (vulnerable* OR risk*1 OR suceptib*)) OR 


TI,AB((cold OR colder) NEAR/3 (vulnerable* OR risk*1 OR suceptib*)) OR TI,AB(season* NEAR/3 


(death* OR fatality* OR mortality* OR morbidity* OR risk*1 OR vulnerable* OR suceptib*)) OR 


TI,AB(fuel NEAR/3 (poverty OR poor OR afford OR affordable OR affordability OR tariff)) OR 


TI,AB(winter NEAR/3 fuel) OR TI,AB(winter NEAR/3 (payment* OR allowance* OR benefit* OR grant* 


OR voucher*)) OR TI,AB((cold OR weather) NEAR/3 (payment* OR allowance* OR benefit* OR grant* 


OR voucher*)) OR TI,AB((cold OR free* OR frozen) NEAR/3 (home OR homes OR house OR houses OR 


household* OR housing)) OR TI,AB((warm* OR heat* OR underseat* OR temperature*) NEAR/3 


(home OR homes OR house OR houses OR household* OR housing)) OR TI,AB((damp* OR humid* OR 


mold OR moldy OR mould OR mouldy OR condensation*) NEAR/3 (home OR homes OR house OR 


houses OR household* OR housing)) OR TI,AB((cold OR free* OR frozen) NEAR/3 (accommodation* 


OR rent OR rents OR rented OR tenancy OR tenancies OR dwelling*)) OR TI,AB((warm* OR heat* OR 


underseat* OR temperature*) NEAR/3 (accommodation* OR rent OR rents OR rented OR tenancy 


OR tenancies OR dwelling*)) OR TI,AB((damp* OR humid* OR mold OR moldy OR mould OR mouldy 


OR condensation*) NEAR/3 (accommodation* OR rent OR rents OR rented OR tenancy OR tenancies 


OR dwelling*)) OR TI,AB("energy efficien* home" OR "energy efficien* homes" OR "energy efficien* 


house" OR "energy efficien* houses" OR "energy efficien* household*" OR "energy efficien* 


housing") OR TI,AB("energy efficien* accommodation*" OR "energy efficien* rent" OR "energy 


efficien* rents" OR "energy efficien* rented" OR "energy efficien* tenancy*" OR "energy efficien* 


tenancies" OR "energy efficien* dwelling*" OR "energy efficien* domestic*") OR TI,AB("home energy 


program*" OR "home energy assist*") OR TI,AB("Warm Front" OR "Warm Deal" OR "Green Deal" OR 


"Warm Zone" OR "Energy Company Obligation") OR TI,AB("thermal comfort") OR TI,AB((falls OR 


falling) NEAR/3 (winter OR snow OR ice OR weather)) OR TI,AB((accident* OR injury OR injuries OR 


injured OR fracture* OR trauma*) NEAR/3 (winter OR snow OR ice OR weather)) OR TI,AB((grit OR 


gritted OR gritting OR gritter*) NEAR/3 (road* OR pavement* OR sidewalk* OR driveway* OR 


pathway* OR path*1)) OR TI,AB((forecast* OR alert* OR warning* OR alarm*) NEAR/3 (cold OR 


colder OR weather OR winter OR "met office" OR "meteorological office")) OR TI,AB("health 


forecast*") 


 


Key: 


TI,AB  searches are restricted to the title and abstract fields 


NEAR   searches for adjacent terms 


NEAR/3 searches for terms within three words of each other 


*  truncation symbol 


*1  truncation restricted to one character 


"  "  phrase search 


 


ICONDA International (Ovid). 1976-2013/Oct. Searched 25 October 2013. 


 


1 (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 3 


2 (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 2 







72 


 


3 (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or 


disease$)).ti,ab. 0 


4 ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. 246 


5 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. 2252 


6 4 and 5 0 


7 ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. 39 


8 (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 5 


9 (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 13 


10 (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 17 


11 ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 3 


12 (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. 7 


13 1 or 2 or 3 or 6 or 7 or 8 or 9 or 10 or 11 or 12 87 


14 ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. 116 


15 (winter adj3 fuel).ti,ab. 1 


16 (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. 4 


17 ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab.


 8 


18 ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. 46 


19 14 or 15 or 16 or 17 or 18 174 


20 ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. 36 


21 ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses 


or household$ or housing)).ti,ab. 396 


22 ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. 88 


23 ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. 2 


24 ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. 52 


25 ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or 


rents or rented or tenancy or tenancies or dwelling$)).ti,ab. 9 


26 (energy efficien$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab.


 294 


27 (energy efficien$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies 


or dwelling$ or domestic$)).ti,ab. 30 


28 (home energy adj2 (program$ or assist$)).ti,ab. 2 


29 (insulat$ adj2 (home or homes or house or houses or household$ or housing)).ti,ab. 103 


30 (insulat$ adj2 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. 35 


31 (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company 


Obligation).ti,ab. 12 
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32 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 1009 


33 ((falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather)).ti,ab. 15 


34 ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or 


ice or weather)).ti,ab. 34 


35 ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ 


or pathway$ or path$1)).ti,ab. 2 


36 33 or 34 or 35 51 


37 ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. 50 


38 health forecast$.ti,ab. 0 


39 37 or 38 50 


40 13 or 19 or 32 or 36 or 39 1353 


41 limit 40 to (english and yr="1993 -Current") 492 


 


Key: 


.ti,ab. searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 


adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 


 


PsycEXTRA (Ovid). 1908-2013/Oct. Searched 25 October 2013. 


 


1 (winter adj4 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 3 


2 (weather adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$)).ti,ab. 4 


3 (temperature$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or 


disease$)).ti,ab. 2 


4 ((cold or colder) adj4 (spell$ or season$ or month$ or period$ or condition$ or event$1 or 


related or excess or excessive or severe or severity or extreme)).ti,ab. 51 


5 (death$ or fatalit$ or mortalit$ or morbidit$ or illness$ or disease$).ti,ab. 20625 


6 4 and 5 8 


7 ((excess or excessive or severe or severity or exposure) adj3 winter).ti,ab. 3 


8 (winter adj4 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 3 


9 (temperature$ adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 2 


10 (weather adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 7 


11 ((cold or colder) adj3 (vulnerab$ or risk$1 or suceptib$)).ti,ab. 5 


12 (season$ adj3 (death$ or fatalit$ or mortalit$ or morbidit$ or risk$1 or vulnerabl$ or 


suceptib$)).ti,ab. 1 


13 or/1-3,6-12 33 


14 ((fuel or energy or gas or electricity) adj3 (poverty or poor or afford or affordable or 


affordability or tariff$)).ti,ab. 5 


15 (winter adj3 fuel).ti,ab. 0 


16 (winter adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab. 0 
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17 ((cold or weather) adj3 (payment$ or allowance$ or benefit$ or grant$ or voucher$)).ti,ab.


 1 


18 ((heat$ or gas or electricity) adj3 (payment$ or allowance$ or benefit$ or grant$ or 


voucher$)).ti,ab. 3 


19 or/14-18 9 


20 ((cold or freez$ or frozen) adj3 (home or homes or house or houses or household$ or 


housing)).ti,ab. 0 


21 ((warm$ or heat$ or underheat$ or temperature$) adj3 (home or homes or house or houses 


or household$ or housing)).ti,ab. 14 


22 ((damp$ or humid$ or mold or moldy or mould or mouldy or condensation$) adj3 (home or 


homes or house or houses or household$ or housing)).ti,ab. 2 


23 ((cold or freez$ or frozen) adj3 (accommodation$ or rent or rents or rented or tenancy or 


tenancies or dwelling$)).ti,ab. 0 


24 ((warm$ or heat$ or underheat$ or temperature$) adj3 (accommodation$ or rent or rents or 


rented or tenancy or tenancies or dwelling$)).ti,ab. 0 


25 ((damp or humid or mold or moldy or mould or mouldy) adj3 (accommodation$ or rent or 


rents or rented or tenancy or tenancies or dwelling$)).ti,ab. 0 


26 (energy efficien$ adj3 (home or homes or house or houses or household$ or housing)).ti,ab.


 0 


27 (energy efficien$ adj3 (accommodation$ or rent or rents or rented or tenancy or tenancies 


or dwelling$ or domestic$)).ti,ab. 0 


28 (home energy adj2 (program$ or assist$)).ti,ab. 6 


29 (insulat$ adj2 (home or homes or house or houses or household$ or housing)).ti,ab. 0 


30 (insulat$ adj2 (accommodation$ or rent or rents or rented or tenancy or tenancies or 


dwelling$)).ti,ab. 0 


31 (Warm Front or Warm Deal or Green Deal or Warm Zone or Energy Company 


Obligation).ti,ab. 0 


32 thermal comfort.ti,ab. 13 


33 or/20-32 34 


34 ((falls or falling or slip or slips or slipping) adj3 (winter or snow or ice or weather)).ti,ab. 5 


35 ((accident$ or injury or injuries or injured or fracture$ or trauma$) adj3 (winter or snow or 


ice or weather)).ti,ab. 24 


36 ((grit or gritted or gritting or gritter$) adj3 (road$ or pavement$ or sidewalk$ or driveway$ 


or pathway$ or path$1)).ti,ab. 0 


37 or/34-36 29 


38 ((forecast$ or alert$ or warning$ or alarm$) adj3 (cold or colder or weather or winter or met 


office or meteorological office)).ti,ab. 28 


39 health forecast$.ti,ab. 0 


40 or/38-39 28 


41 13 or 19 or 33 or 37 or 40 126 


42 limit 41 to (english language and yr="1993 -Current") 93 


 


Key: 


.ti,ab.   searches are restricted to the title and abstract fields 


adj      searches for adjacent terms 
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adj3 searches for terms within three words of each other 


$ truncation symbol 


$1 truncation restricted to one character 


or/1-4 combine sets 1 to 4 using OR 
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Appendix 4 Excluded studies 
 
 


Bouzarovski and colleagues (2012), "Energy Poverty Policies in the EU: A Critical Perspective." Energy 


Policy 49(1): 76-82 


Considers adoption of policies aimed at addressing energy poverty using evidence gathered from an 


international workshop and semi-structured interviews with decision-makers, experts and advocacy 


activists in Brussels and Sofia. 


 


Saunders et al. (2012), Can Premium Tariffs for Micro-generation and Small Scale Renewable Heat 


Help the Fuel Poor, and If So, How? Case Studies of Innovative Finance for Community Energy 


Schemes in the UK." Energy Policy 42(1): 78-88 


Used a theoretical causal framework to assess whether, with appropriate financial intermediaries, it 


is possible for renewable energy incentives to be used to alleviate fuel poverty.  Microgeneration 


only. 


 


O'Farrell, A. and D. De La Harpe "Excess Winter Mortality in the Elderly in Ireland 2005-2009: Has a 


Change in the Fuel Allowance the Potential to Affect It?" Irish Journal of Medical Science 2012;  181: 


S124-S124. 


Analysis of a potential impact rather than an empirical or intervention study. 


 


Walls M. Policies To Encourage Home Energy Efficiency Improvements: Comparing Loans, Subsidies, 


and Standards, 2012. 


A policy analysis using a version of the US Energy Information Administration’s National Energy 


Modeling System (NEMS-RFF) to compute the energy and CO2 effects and standard formulas to 


calculate the welfare costs of the policies. 
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Appendix 5 Evidence tables 
Studies are sorted by category, year of publication (most recent first) and then author. 


 


Ref. 
no. 


Study: 
authors, year.  
Citation 


Aim of study Study design Validity 
score 


Population 
and setting 


Methods of  
classifying 
exposure 


Outcomes Methods of 
analysis 


Results Notes 


Int Ext 


Targeting by time: forecasting risk periods 


2 Chalabi Z, Raine 
R, Stevens M, 
Wilkinson P. 
Evaluation of 
the Met Office 
Health 
Forecasting 
project for 
primary care 
and NHS trusts. 
Final report, 


2005. 2 


A formative 
evaluation of 
a health 
forecasting 
system for 
COPD in eight 
Strategic 
Health 
Authorities in 
England 
based on 
analysis of 
health 
forecasting 
data and 
interviews 
with NHS staff 
in pilot areas.   


Observational 
study of 
health 
forecsting 
system 


+/- + Met Office  
pilot health 
forecasting 
system in 
eight Strategic 
Health 
Authorities of 
England.   


Receipt of 
COPD health 
forecast. 
 
Not 
controlled. 


Accuracy of 
forecast models 
for COPD / acute 
hospital 
admission 
 
Reported changes 
in practice 
 
Personal 
assessments of 
the forecasting 
scheme. 


Descriptive 
 
Analysis of forecst 
accuracy 
 
 


COPD admission varied more than 
fourfold week to week and was largely 
predicatble from season, 
meteorological parameters, and 
measures of infectious disease activity. 
 
In the pilot practices, staff were 
generally very positive about the 
potential of the COPD forecasting 
scheme to improve quality of care of 
COPD patients through locally-
developed forecast-responsive care 
plans.  
 
 The reported advantages included 
greater focus on preventative actions; 
improved contact between high risk 
patients and primary care staff; more 
integrated, protocol-based care; and 
empowerment of patients to manage 
their own condition.  
 
 Although these benefits may be as 
much related to the increased focus on 
COPD as to the forecasts themselves, 
the forecasts appear to be the essential 
catalyst.  However, establishing 
forecast-responsive COPD 
management requires leadership from 
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senior staff, good communication and 
training, and it is not yet possible to 
quantify the net benefits in relation to 
the required resources. 
 
Formal assessment of cost-
effectiveness is needed once more 
experience of how best to use health 
forecasting has been gained.  In 
contrast, the potential utility of 
forecasts for acute hospital admissions 
as a whole is less clear at this stage, 
and further development and enquiry 
is needed to clarify its possible role in 
operational decisions. 


4 Chalabi P, Erens 
B, Hajat S et al. 
N. Evaluation Of 
The 
Implementation 
And Health-
Related Impacts 
Of The National 
Cold Weather 
Plan For 
England  
(interim report 
to the Dept of 
Health). 
London: 
Department of 
Health, 2013.


4
  


To assess the 
implementati
on of the Cold 
Weather Plan 
(CWP) in 
2012/13, in 
parallel with 
analysis of 
weather-
health 
relationships 
and trends 
over time. 


Time-series 
and other 
analyses of 
routine 
population 
health data  
 
Survey/qual 
component 
 
Semi-
structured in-
depth 
telephone 
interviews 
with health 
and social 
care 
managers 
(n=52) in 10 
purposively 
sampled LAs 
in England.  
 
Interviews 


+ ++ Mortality data 
for England by 
region, 1996-
2006 [to be 
updated to 
2011].  
Emergency 
hospital 
admissions 
data for 1997-
2011, and 
A&E visits 
data for 2007-
2011. 
 
 


Weather data 
(temperature) 
from region-
specific 
meteorologic
al monitoring 
stations 


All-cause and 
cause-specific 
mortality, hospital 
admissions, A&E 
visits due to falls 


Regionally-stratified 
time-series 
analyses.  
Subgroups by age, 
cause. 
 
Confounding 
control: (time 
series) seasonality, 
day of week, 
[influenza – when 
updated]  
 
 
Qualitative 
component 
Exploration of 
issues related to the 
implementation of 
the CWP and of 
cold weather 
planning and 
response more 
generally. Thematic 
analysis.   


Evidence of increase in mortality and 
(less marked) hospital admissions with 
low outdoor temperatures in all 
regions.  Thresholds (for cold effect on 
mortality) vary by region, but are at 
around 6 deg Celsius. 
 
All large cause-of-death categories 
affected, especially cardiovascular 
disease (largest attributable burden) 
and respiratory death (greatest relative 
risk for a 1 deg Celsius decrease in 
temperature below the cold threshold). 
 
Rise in risk with age. 
 
Increased A&E visits from falls occur 
with snow and ice at all ages, but 
greatest relative increase in the 
working age population – not the 
elderly who show only a small increase 
in risk during periods of lying snow, nor 
the young, whose greatest risk of 
fracture occurs in the summer months. 
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with a sample 
of older 
people (n=35) 
 


The large majority of cold-deaths occur 
on days that are NOT at the extreme of 
the temperature distribution and 
therefore not on days when alerts are 
issued by the CWP. 
 
Qualitative component 
Health and social care managers 
tended to think of ‘vulnerability’ in 
terms of socio-economic deprivation 
and existing clients (i.e. people who 
were in receipt of social care services 
such as home care). The authors 
conclude that this definition may miss 
some people who are vulnerable 
during cold weather (such as those 
who don’t use services) and inclue 
some people who are not (e.g. because 
they live in a warm home).  
 
Many services, such as home care, are 
contracted out to independent 
providers. While the CWP and the cold 
weather alerts were a useful aid to 
prompt providers about actions that 
should be taken during cold weather, 
commissioning managers could not be 
sure that the actions set out ion the 
CWP for front-line staff (such as 
checking room temperature) were 
being undertaken.  
 
Engagement with primary care was 
variable: While some GPs were said to 
be actively engaged with winter 
welfare initiatives (such as referring 
patients to household warmth 
interventions) others were not.  
 
Local leadership of implementation of 
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the CWP tended to be with emergency 
planning staff rather than with public 
health staff. Emergency planners felt 
limited in what attention they could 
give to prevention.  
 
Interviews with a sample of older 
people: 
While respondents thought cold 
weather may exacerbate existing 
conditions there was little knowledge 
of the cardio-vascular risk association 
with cold temperatures. Although all 
respondents were in regular contact 
with a health professional, none had 
received any advice or support related 
to cold weather.  
 
There was a universal preference for 
turning the heating off at night (for 
comfort). There was also a universal 
fear of falling during icy conditions 
which was the greatest concern for 
participants. As a consequence 
respondents would stay inside when 
the risk of falling was thought to be 
high (i.e. during periods of ice and 
snow).  Respondents would however 
go out as soon as it was thought safe to 
do so, to socialise or fulfil 
responsibilities (such as voluntary 
work) or simply to ‘get out’.  Nearly all 
respondents were reliant on public 
transport, with participants from the 
rural case study in particular facing 
arduous journeys to access facilities 
such as shops, exposing them to cold 
outdoor temperatures.  
 
The risk of poor health during cold 
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weather was mediated by instrumental 
social support provided by family 
(predominantly) or neighbours. This 
took the form of car journeys, hot 
meals, shopping, repairs, help with 
heating technology, and monitoring 
health and wellbeing. 
 


3 Halpin DM, 
Laing-Morton T, 
Spedding S, et 
al. A 
randomised 
controlled trial 
of the effect of 
automated 
interactive 
calling 
combined with 
a health risk 
forecast on 
frequency and 
severity of 
exacerbations 
of COPD 
assessed 
clinically and 
using EXACT 
PRO. Prim 2011; 
20(3): 324-31.


3
 


(i) To assess 
whether the 
EXACT-PRO 
health 
forecasting 
system can 
predict 
periods of 
higher risk, 
and (ii) and to 
assess the 
effect of the 
service on the 
frequency and 
severity of 
COPD 
exacerbations
. 


Prospective 
randomised 
controlled 
trial. 


+ + 79 people 
aged over 40 
with a 
diagnosis of 
COPD at three 
general 
practices in 
Devon, UK.  
 
All eligible 
patients were 
invited to 
participate.  
 
All who 
completed 
trial daily 
diary were 
entered into 
the study. 


Automated 
alert calls 
made to 
patients' 
normal 
telephone 
service if an 
elevated risk 
of 
exacerbations 
was forecast.  
 
Patients 
randomised 
to either 
receive alert 
calls or not. 
40 people in 
intervention 
group, 39 
controls. 


Patient reported 
outcome 
measures using 
EXACT system.  
 
Primary outcomes 
were frequency of 
exacerbations 
(defined using 
Anthonisen 
criteria) and 
proportion of 
patients 
experiencing one 
or more 
exacerbation.  
 
Secondary 
outcomes were 
ability to predict 
increased 
frequency of 
exacerbations, 
frequency, 
severity and 
duration of 
events, and 
changes in health 
status. 
 


Exacerbation and 
event rates 
compared using a 
negative binomial 
model to allow for 
inter-subject 
variability.  
 
Ability to predict 
periods of increased 
risk analysed using 
a mixed linear 
model. 


58% in intervention group experienced 
one or more exacerbation compared 
with 68% in control group.  
 
Exacerbation frequency (+/- standard 
error of the mean) in patients receiving 
alert calls was lower (0.95±0.27 v 
1.17±0.29, p=0.52) but not statistically 
significant.  
 
No difference in mean EXACT scores 
between study groups.  
 
34% of intervention group experienced 
one or more EXACT exacerbation 
compared with 53% in control group.  
 
Authors suggest that the ability of the 
forecast to predict high risk periods 
was confirmed unequivocally. 


The 
evaluation 
team included 
those from 
the service 
provider (UK 
Met Office). 


1 Laaidi K, 
Economopoulou 


To point out 
the kinds of 


Evaluation of 
effectiveness 


+ + Paris and 
Marseilles as 


Pertinence 
criteria used 


Criteria included 
ability to prevent 


Investigated in two 
pilot cities, using 


Combined minimum and maximum 
temperatures were the best indicators 
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A, Wagner V, 
Pascal M, 
Empereur-
Bissonnet P, 
Verrier A, 
Beaudeau P. 
Cold spells and 
health: 
prevention and 
warning. Public 
Health 2013; 
127: 492-499.


1
 


measures that 
should be 
implemented 
to protect the 
population 
from the 
health effects 
of cold and 
when to put 
them into 
action. 


of a cold 
weather alert 
system. 


pilot cities. to determine 
if an alert 
system would 
be relevant to 
trigger 
preventive 
measures.  


health impact 
through specific 
measures, 
simplicity, 
reactivity, 
adaptability, and 
the possibility to 
find indicators 
able to predict a 
health impact of 
cold.  


time-series models 
to identify 
mortality-relevant 
thresholds, if any. 


to predict the health impact of cold 
temperatures on mortality.  
 
Associated optimal thresholds for 
action in Paris were -9 °C and -2 °C for 
minimum and maximum temperatures 
respectively, while thresholds in 
Marseille were -3 °C and +4 °C.  
 
When both thresholds were reached in 
a given city, the risk of excess mortality 
was greater than 15%.  
 
Authors conclude that simple 
meteorological indicators could be 
used to improve the detection of 
dangerous cold episodes and promote 
communication. 
 


Targeting by area and person 


8 Baker W, 
Starling G, 
Gordon D. 
Predicting fuel 
poverty at the 
local level. 
Bristol: Centre 
for Sustainable 
Energy, 2003.


8
 


To develop a 
methodology 
for predicting 
fuel poverty 
at small area 
level. 


Development 
of a predictive 
model. 


+ + Every 
electoral ward 
in England. 


Small area, 
predictive 
‘Fuel Poverty 
Indicator’ 
(FPI) based on 
the 1991 
census. 1996 
English House 
Condition 
Survey used 
to produce 
‘weightings’ 
for the FPI’s 
component 
Census 
variables. 
 


Predictions of the 
number and 
proportion of 
households in fuel 
poverty for every 
ward in England. 


Various methods 
used for validating 
the indicator.  
 
Including 
comparisons with 
local surveys of fuel 
poverty. 


Authors conclude that FPI gives a good 
reflection of actual levels of fuel 
poverty at small area level. 


 


5 Bull A. 
Identifying 
people at risk of 


To develop an 
algorithm to 
identify those 


Development 
of a predictive 
algorithm. 


na na West 
Midlands. 


Algorithm to 
predict risk of 
excess winter 


Analysis of excess 
winter deaths 
across the West 


Unclear. Higher levels of excess winter deaths 
were found in the NHS Birmingham 
East and North area than in the rest of 


Limited 
reporting of 
method and 
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fuel poverty to 
prevent excess 
winter deaths. 
Nursing Times 
2010; 106: 12-
13.


5
 


at risk of 
excess winter 
death and 
fuel poverty. 


death and 
fuel poverty 
developed by 
Primary Care 
Trust for use 
by health and 
social care 
professions 
within the 
PCT. 
 


Midlands.  
 
Predictions of 
excess winter 
deaths and fuel 
poverty. 


the region.  
 
No reporting of model results. 


results. 
Authors 
include 
energy 
provider. 


6 Dubois U. From 
targeting to 
implementation
: the role of 
identification of 
fuel poor 
households. 
Energy Policy 
2012; 49: 107-
115.


6
 


To evaluate 
the efficiency 
of fuel 
poverty 
policies by 
looking at 
them as a 
three-step 
process. 


Application of 
a 
‘remediablen
ess’ approach 
to the design 
of fuel 
poverty 
policy. 


+ +/- Applied to 
fuel poverty 
policy in 
France. 


NA Evaluation of fuel 
poverty policy. 


Fuel poverty policy 
evaluated in three 
steps (policy 
targeting, 
identification of 
households, and 
implementation of 
measures).  
 
Framework applied 
to (2010) French 
fuel poverty policy. 


Targeting on low income homeowners 
who are frequently elder people living 
in rural areas has several consequences 
in terms of identification.  
 
Role of identification of fuel poor 
households highlighted as a key factor 
for the success of the policy.  
 
Authors note the importance of 
strongly linking the programme with 
existing local structures, and conclude 
that the efficiency of such policies has 
to be viewed in a comprehensive way. 
 


Proposed 
analysis 
method only. 


9 Fahmy E, 
Gordon D, 
Patsios D. 
Predicting fuel 
poverty at a 
small-area level 
in England. 
Energy Policy 
2011; 39: 4370-
77.


9
 


To describe 
the 
development 
of a series of 
models for 
predicting the 
incidence of 
fuel poverty 
in England at 
a small-area 
level and to 
examine the 
adequacy of 
the modelled 


Development 
and 
evaluation of 
a predictive 
model. 


+ + England, using 
data from 
English 
Housing 
Condition 
Survey. 


Fuel poverty 
predictions at 
small-area 
level based on 
synthetic 
estimation of 
fuel poverty 
vulnerability. 


Hazard (odds) 
ratios of fuel 
poverty. 


Alternative 
approaches to 
model specification 
based upon two 
different 
approaches to the 
treatment of 
household income 
(Building Research 
Establishment's 
'BREDEM-12' and 
UK Government's 
'Households Below 
Average Incomes' 


Estimates of fuel poverty prevalence 
broadly comparable between BRE and 
HBAI methods. However, overlap 
between methods very poor.  
 
Estimates not well correlated with 
subjective measures of fuel poverty.  
 
Authors conclude that our 
understanding of the incidence and 
spatial distribution of fuel poverty is 
highly sensitive to the way in which 
household incomes are measured. 
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results. methods).  
 
Validation by 
comparison against 
subjective 
measures of 
affordable warmth. 
 


10 Hutchinson EJ, 
Wilkinson P, 
Hong SH, 
Oreszczyn T, the 
Warm Front 
Study Group. 
Can we improve 
the 
identification of 
cold homes for 
targeted home 
energy-
efficiency 
improvements? 
Applied Energy 
2006; 83: 1198-
1209.


10
 


To investigate 
the extent to 
which homes 
with low 
indoor-
temperatures 
can be 
identified 
from dwelling 
and 
household 
characteristics
. 


Analysis of 
data from a 
national 
survey of 
dwellings. 


++ ++ Five urban 
areas of 
England 
(Birmingham, 
Liverpool, 
Manchester, 
Newcastle 
and 
Southampton)
. Dwellings 
occupied by 
low-income 
households, 
scheduled for 
home energy-
efficiency 
improvement
s. 


Half-hourly 
living-room 
temperatures 
recorded for 
two to four 
weeks in 
dwellings over 
the winter 
periods 
November to 
April 2001–
2002 and 
2002–2003. 


Identification of 
cold homes. 


Regression of 
indoor on outdoor 
temperatures used 
to identify cold 
homes in which 
standardized 
daytime living-room 
and/or nighttime 
bedroom-
temperatures were 
<16 °C (when the 
outdoor 
temperature was 5 
°C). 
 
Tabulation and 
logistic regression 
used to examine 
the extent to which 
these cold homes 
can be identified 
from dwelling and 
household 
characteristics. 


Overall, 21.0% of dwellings had 
standardized daytime living-room 
temperatures <16 °C, and 46.4% had 
standardized nighttime bedroom-
temperatures below the same 
temperature.  
 
Standardized indoor temperatures 
were influenced by a wide range of 
household and dwelling characteristics, 
but most strongly by the energy 
efficiency (SAP) rating and by 
standardized heating costs.  
 
However, even using these variables, 
along with other dwelling and 
household characteristics in a multi-
variable prediction model, it would be 
necessary to target more than half of 
all dwellings in the sample to ensure at 
least 80% sensitivity for identifying 
dwellings with cold living-room 
temperatures. An even higher 
proportion would have to be targeted 
to ensure 80% sensitivity for identifying 
dwellings with cold-bedroom 
temperatures.  
 
Authors conclude that property and 
household characteristics provide only 
limited potential for identifying 
dwellings where winter indoor 
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temperatures are likely to be low, 
presumably because of the multiple 
influences on home heating, including 
personal choice and behaviour. 
 


7 Walker R, 
McKenzie P, 
Liddell C, Morris 
C. Area-based 
targeting of fuel 
poverty in 
Northern 
Ireland: An 
evidence-based 
approach. 
Applied 
Geography 
2012; 34:639-
649.


7
 


To develop a 
small area 
fuel poverty 
risk index for 
Northern 
Ireland to 
improve 
targeting of 
fuel poverty 
policies. 


Development 
of a predictive 
model. 


+ ++ Northern 
Ireland. 


 Identification of 
households in fuel 
poverty. 


Evidence-based 
approach, using 
Geographic 
Information 
Systems (GIS) 
techniques, used to 
develop a small 
area fuel poverty 
risk index for 
Northern Ireland 
using a range of 
environmental and 
socio-economic 
variables.  
 
Areas at highest risk 
of fuel poverty 
identified and both 
large- and small-
scale spatial 
variability found in 
risk using analyses 
of spatial 
association. 
 


Risk found to be highest in open 
countryside and in medium-sized 
towns.  
 
Evidence of spatial concentration of 
fuel poverty risk demonstrated that 
there is a justified rationale for 
implementing fuel poverty strategies 
from an area-based platform. 


 


Methods to encourage the uptake of home energy efficiency measures 


23 Armstrong D, 
Winder R, 
Wallis R. 
Impediments to 
policy 
implementation
: The offer of 
free installation 
of central 


To examine 
the success of 
a local 
initiative to 
provide free 
installation of 
central 
heating for a 
group of 


Cohort study. +/- + 1,181 local 
authority 
tenants aged 
70 and over 
and without 
central 
heating in a 
London 
borough. 


Eligible 
tenants were 
identified 
from the 
Council’s 
housing 
database 
were initially 
sent a letter 


Uptake of central 
heating. Views of 
tenants obtained 
by interviews. 


The uptake of the 
offer of central 
heating was 
monitored through 
its different stages.  
 
Where possible, 
comments were 
invited from the 


Only around 25% received central 
heating within the year.  
 
Reasons for the low uptake included 
inaccuracies in estimating those eligible 
as well as tenants’ worries over 
upheaval and mess, health concerns 
and fear of increased heating costs.  
 


Poorly 
reported 
study. 
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heating to an 
elderly 
community has 
limited uptake. 
Public Health 
2006; 120: 161-
66.


23
 


elderly 
people. 


from the 
Housing 
Department 
inviting 
interest in an 
offer of free 
installation of 
gas-fired 
central 
heating. 
 


elderly tenants to 
whom the offer was 
made.  
 
A sub-sample was 
interviewed about 
their views. 


Authors conclude that successful policy 
implementation requires not only 
command of appropriate financial 
resources and the backing of local 
‘implementers’, but also the local 
resources with which the policy will 
engage, especially local knowledge, 
and the ‘targets’ of the policy initiative. 


20 Ekins P, 
Lockwood M. 
Tackling fuel 
poverty during 
the transition to 
a low-carbon 
economy. York: 
Joseph 
Rowntree 
Foundation, 
2011.


20
 


To conduct an 
analysis of 
fuel poverty 
in the 
transition to a 
low carbon 
economy 


Policy anlaysis + ++ UK Fuel prices Fuel poverty Data synthesis and 
secondary analysis 


Energy prices are rising as 
governments implement 
measures to reduce 
carbon dioxide emissions 
and combat climate 
change. Since price 
increases can now largely 
be attributed to imported 
fossil fuels, the transition 
to a low-carbon economy 
is expected to increase 
levels of fuel poverty. Until 
the transition is complete, 
a new approach is 
required that gives far 
more attention to the other 
two main drivers of fuel 
poverty: low incomes and 
the energy inefficiency of 
homes. 
 
 
• As energy prices rise, fuel poverty can 
only be reduced by an 
intensified focus on the energy 
efficiency and energy bills of those 
in fuel poverty, especially low-income 
vulnerable households. 
• The long-term solution to fuel 
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poverty, and one that also supports 
the objective of reducing carbon 
emissions, is to increase 
dramatically the energy efficiency of 
fuel-poor households’ homes. 
• Fuel-poor households should be 
incentivised by the prospect of 
energy bill rebates. 
• Rebates should be conditional on 
energy efficiency assessments, 
the implementation of energy 
efficiency measures, and the 
promotion of advice on achieving 
greater reductions in energy bills 
through broader energy-saving 
behaviour. 


22 Kuholski K, 
Tohn E, Morley 
R. Healthy 
energy-efficient 
housing: Using a 
one-touch 
approach to 
maximise public 
health, energy, 
and housing 
programs and 
policies. Journal 
of Public Health 
Management 
Practice 
202010; 16: 
S68-S74.


22
 


Discussion 
piece. On the 
value of a 
‘one stop 
shop’ 
approach to 
energy 
efficiency 
/public health 


Hypothesis  n/a n/a     Hypothesisized: “one-touch” approach 
for home interventions that 
strategically integrates public health 
and energy efficiency has many 
potential direct and indirect benefits. 
This approach may play an important 
role in housing policy due to the 
increasing support for green housing 
and residential energy efficiency. 


 


25 Nair G, 
Gustavsson L, 
Mahapatra K. 
Factors 
influencing 
energy 
efficiency 


To analyse the 
factors that 
influence the 
adoption of 
investment 
measures to 
improve the 


Survey. + + National 
survey of 
owners of 
Swedish 
detached 
houses 
conducted 


 Survey questions 
relating to uptake 
of specific energy 
efficiency 
measures, 
inferred 
preference for 


Analysis of survey 
data. 


For the majority of Swedish home 
owners, it was important to reduce 
their household energy use, and most 
of them undertook no-cost measures 
as compared to investment measures.  
 
Personal attributes such as income, 


 







90 


 


investments in 
existing 
Swedish 
residential 
buildings. 
Energy Policy 
201; 38: 2956-
63.


25
 


energy 
efficiency of 
their 
buildings. 


during May–
July 2008 to 
understand 
their adoption 
of energy 
efficiency 
building 
envelope 
measures. 
 


specific measures,  education, age and contextual factors, 
including age of the house, thermal 
discomfort, past investment, and 
perceived energy cost, influenced 
home owners ’preference for a 
particular type of energy efficiency 
measure. 


21 Stockton H, 
Campbell R. 
Time to 
reconsider UK 
energy and fuel 
poverty 
policies? York: 
Joseph 
Rowntree 
Foundation, 
2011.


21
 


To inform the 
energy and 
social justice 
debate by 
exploring how 
UK energy 
and fuel 
poverty policy 
can 
contribute 
towards a 
socially just 
transition to a 
low carbon 
society. 


Analysis of 
programme 
for the 
reduction of 
fuel poverty. 


+ ++ UK. Various 
energy 
efficiency 
programmes 
analysed 
including 
Energy 
Efficiency 
Standards of 
Performance 
(1994-2002), 
the Energy 
Efficiency 
Commitment 
(2002-06), the 
Carbon 
Emissions 
Reduction 
Target (2006-
12), the 
Community 
Energy Saving 
Programme 
(2009-12), 
Feed-in 
Tariffs, and 
the Green 
Deal. 
 
Also considers 


NA. Narrative 
description. 


Authors conclude that future energy 
policy can only contribute to a socially 
just transition to a low carbon society if 
households experiencing fuel poverty 
are given the resources to reduce their 
energy demand and can heat their 
homes to a satisfactory standard at an 
affordable cost at the same time. 
 
Mitigating the impact on financially 
disadvantaged households while 
ensuring equal access to the benefits of 
energy-efficient policies should be a 
key element of the transition to a low 
carbon economy and society. 


Discussion 
paper only. 
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fuel poverty 
programme 
the Energy 
Company 
Obligation. 
 


24 Weiss J, 
Dunkelberg E, 
Vogelpohl. 
Improving 
policy 
instruments to 
better tap into 
homeowner 
refurbishment 
potential: 
Lessons learned 
from a case 
study in 
Germany. 
Energy Policy 
2012; 44: 406-
415.


24
 


How to 
improve or 
supplement 
political 
instruments 
in order to 
increase 
refurbishment 
rates and tap 
potential 
savings. 


Analysis of 
existing policy 
instruments. 


+ + Germany.   Analysis of policy 
instruments 
focussing on the 
most promising 
types of building 
and refurbishment 
measures.  
 
Also took into 
account the barriers 
responsible for the 
discrepancy 
between potential 
and actual 
refurbishment 
rates. 
 


Found that consideration of the 
specific peculiarities and situations 
homeowners face, coupled with an 
analysis of the energy saving potentials 
of their buildings, offers valuable 
insights and is critical for evaluating 
policy instruments and finding the mix 
of instruments that will purposefully 
encourage the most effective 
refurbishment measures. 


 


Vaccine efficacy and methods to encourage the uptake of vaccination 


11 Michiels B, 
Govaerts F, 
Remmen R, 
Vermeire E, 
Coenen S. A 
systematic 
review of the 
evidence on the 
effectiveness 
and risks of 
inactivated 
influenza 
vaccines in 
different target 
groups. Vaccine 
2011; 29(49): 


To 
systematically 
review the 
evidence 
regarding the 
efficacy, 
effectiveness 
and risks of 
the use of 
inactivated 
influenza 
vaccines in 
children, 
healthy 
adults, elderly 
individuals 


Search of 
Cochrane 
database of 
systematic 
reviews 
supplemented 
with searches 
of the 
Cochrane 
Central 
Register of 
Controlled 
Trials 
database and 
Medline.  


++ + Global 
literature 


Influenza 
vaccination 


Efficacy, 
effectiveness and 
risks of inlfuneza 
vaccination 


Independent 
assessment of study 
quality  


The inactivated influenza vaccine has 
been proven effective in preventing 
laboratory-confirmed influenza among 
healthy adults (16-65 years) and 
children (>= 6 years) (GRADE A 
evidence). However, there is strikingly 
limited good-quality evidence (all 
GRADE B, C or not existing) of the 
effectiveness of influenza vaccination 
on complications such as pneumonia, 
hospitalisation and influenza-specific 
and overall mortality.  
 
Inconsistent results are found in 
studies among children younger than 6 
years, individuals with COPD, 
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9159-70.
11


 and 
individuals 
with 
comorbidities 
such as 
diabetes, 
chronic lung 
disease, 
cardiovascular 
disease, 
kidney or liver 
disease and 
immune 
suppression 


institutionalised elderly (65 years or 
older), elderly with co-morbidities and 
healthcare workers in elderly homes, 
which can only be explained by bias of 
unknown origin. The vaccination of 
pregnant women might be beneficial 
for their newborns, and vaccination of 
children might be protective in non-
recipients of the vaccine of all ages 
living in the same community (one RCT, 
Grade B evidence) 


12 Nichol KL, 
Wuorenma J, 
von Sternberg 
T. Benefits of 
influenza 
vaccination for 
low-, 
intermediate-, 
and high-risk 
senior citizens. 
Arch Intern Med 
1998; 158(16): 
1769-76.


12
 


To clarify the 
benefits of 
influenza 
vaccination 
among low-
risk senior 
citizens while 
concurrently 
assessing the 
benefits for 
intermediate- 
and high-risk 
senior 
citizens. 


Cohorts + + Analysis of 


elderly 


members of 


a large 


health 


maintenance 


organization 


included in 


each of 6 


consecutive 


cohorts 


Vaccination 
status, and 
classification 
of individuals 
with regard to 
risk status: 
high risk 
(having heart 
or lung 
disease), 
intermediate 
risk (having 
diabetes, 
renal disease, 
stroke and/or 
dementia, or 
rheumatologi
c disease), 
and low risk. 


Data from health 


maintenance 


organization 


Analysis of 
outcomes 
comparing 
vaccinated and 
unvaccinated 
subjects after 
controlling for 
baseline 
demographic and 
health 
characteristics. 


Vaccination over 6 flu seasons was 
associated with an overall reduction of 
39% for pneumonia hospitalizations 
(P<.001), a 32% decrease in 
hospitalizations for all respiratory 
conditions (P<.001), and a 27% 
decrease in hospitalizations for 
congestive heart failure (P<.001). 
Immunization was associated with a 
50% reduction in all-cause mortality 
(P<.001).  
 
Vaccine effectiveness was 29%, 32%, 
and 49% for high-, intermediate-, and 
low-risk senior citizens for reducing 
hospitalizations for pneumonia and 
influenza (for high and low risk, P< or 
=.002; for intermediate risk, P = .11). 
Effectiveness was 19%, 39%, and 33% 
(for each, P< or =.008), respectively, for 
reducing hospitalizations for all 
respiratory conditions and 49%, 64%, 
and 55% for reducing deaths from all 
causes (for each, P<.001).  
 
Vaccination was also associated with 
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direct medical care cost savings of $73 
per individual vaccinated for all 
subjects combined (P = .002). 


16 Mann AG, 
Mangtani P, 
Russell CA, 
Whittaker JC. 
The impact of 
targeting all 
elderly persons 
in England and 
Wales for yearly 
influenza 
vaccination: 
excess mortality 
due to 
pneumonia or 
influenza and 
time trend 
study. BMJ 
Open 2013; 3: 
e002743.


16
 


To investigate 
the impact on 
mortality due 
to pneumonia 
or influenza of 
the change 
from risk-
based to age 
group-based 
targeting of 
the elderly for 
yearly 
influenza 
vaccination in 
England and 
Wales. 


Longitudinal 
study. 


+ ++ People aged 
65-74 and 75+ 
years whose 
deaths were 
registered to 
underlying 
pneumonia or 
influenza 
between 
1975/1976 
and 
2004/2005 in 
England and 
Wales. 


Excess 
mortality 
estimated 
using time 
series of 
deaths 
registered to 
pneumonia or 
influenza, 
accounting for 
seasonality, 
trend and 
artefacts.  
Non-excess 
mortality 
plotted as 
proxy for 
long-term 
trend in 
mortality. 


Multiplicative 
effect on average 
excess 
pneumonia and 
influenza deaths 
each winter in the 
4–6 winters since 
age group-based 
targeting of 
vaccination was 
introduced (in 
persons aged 75+ 
years from 
1998/1999; in 
persons aged 65+ 
years from 
2000/2001). 


Multivariable 
regression adjusted 
for temperature, 
antigenic drift and 
vaccine mismatch, 
and stratified by 
dominant 
circulating influenza 
subtype. 


There was a suggestion of lower 
average excess mortality in the six 
winters after age group based targeting 
began compared to before (however 
the CI for the 65–74 years age group 
includes no difference).  
 
Authors conclude that this is weakly 
supportive evidence that the marked 
increases in vaccine coverage 
accompanying the switch from risk-
based to age group-based targeting of 
the elderly for yearly influenza 
vaccination in England and Wales were 
associated with lower levels of 
pneumonia and influenza mortality in 
older people in the first 6 years after 
age group-based targeting began. 


 


19 Santos-Sancho 
JM, Jimenez-
Trujillo I, 
Hernandez-
Barrera V, et al. 
Influenza 
vaccination 
coverage and 
uptake 
predictors 
among Spanish 
adults suffering 
COPD. Hum 
Vaccin 
Immunother 
2012; 8(7).


19
 


To compare 
influenza 
vaccination 
coverage 
among 
Spaniards 
aged 40 years 
or over who 
suffer from 
chronic 
obstructive 
pulmonary 
disease 
(COPD) with 
those without 
this illness to 
identify the 


Cross-
sectional 
study based 
on analysis of 
survey data. 


+ +/- People aged 
40 years and 
above in 
Spain. 
 
Data 
extracted 
from the 
European 
Health Survey 
performed in 
Spain in 
2009/10. 
 
Data analyzed 
on 15,355 
people, of 


Answer 
(yes/no) to 
the question 
about 
whether or 
not the 
interviewed 
person had 
been 
vaccinated 
against 
influenza in 
the previous 
flu season. 


Seasonal 
influenza 
vaccination 
status. 
 
COPD status. 
 
Social 
demographic 
characteristics, 
health related 
variables, and the 
utilization of 
health care 
services. 


Unclear. Vaccination coverage among patients 
with COPD was 49.4% (95% CI: 46.3-
52.5%) and 21.3% (95% CI: 20.7-21.9) 
among people without (p < 0.001). 
 
The probability of being vaccinated was 
three times greater for COPD patients 
(OR = 3.0, 95% CI: 2.6-3.5).  
 
Among COPD patients the uptake of 
vaccination increased with age.  
 
Other factors associated with an 
increase in vaccination coverage were: 
being male, perceiving one's health as 
fair or poor, not smoking, and having 
seen a doctor during the previous 


Statistical 
methods 
unclear. 
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factors that 
influence 
vaccination 
uptake among 
patients with 
COPD. 


whom 1,309 
had COPD. 
 


month.  
 


18 Bohmer MM, 
Walter D, 
Krause G, 
Muters S, 
Gosswald A, 
Wichmann O. 
Determinants of 
tetanus and 
seasonal 
influenza 
vaccine uptake 
in adults living 
in Germany. 
Hum Vaccin 
2011; 7(12): 
1317-25.


18
 


To assess 
determinants 
of vaccine 
uptake in 
adults living in 
Germany 
exemplified 
by one 
standard 
vaccination 
(tetanus) and 
one 
vaccination 
targeting 
specific risk-
groups 
(seasonal 
influenza). 


Telephone 
household-
interviews. 


+ + Adults in 
Germany. 
 
Data from 
21,262 
telephone 
household-
interviews 
representativ
e of the adult 
population 
were 
collected in 
2009 and 
analysed 


Sufficient 
tetanus 
vaccination 
status 
according to 
national 
recommendat
ions obtained 
from 
interviews. 


Uptake of tetanus 
and seasonal 
influenza vaccine. 


Univariate analyses 
used to determine 
the association 
between 
vaccination uptake 
and demographic, 
socio-economic, 
health-relevant and 
informational 
factors. 


Persons who received professional 
vaccination advice within the past five 
years were more frequently vaccinated 
against tetanus and influenza than 
persons without (p< 0.001).  
 
Private physicians were identified as 
the most important source for 
vaccination advice. 
 
Having a statutory health insurance, 
last physician contact < 1 year ago, and 
living in the eastern part of Germany 
were independently associated with 
higher tetanus and influenza vaccine 
uptake.  
 
Low socio-economic status, two-sided 
migration background, and the feeling 
of being insufficiently informed on the 
benefits of vaccination were 
independently associated with low 
uptake of tetanus but not influenza 
vaccines.  
 
The authors conclude that, since 
physicians' advice has a major impact 
on the vaccination decision, physician 
reminder systems could provide a 
method to increase vaccination 
coverage in adults. For tetanus, 
information activities should target 
population groups with an increased 
risk of being under-vaccinated. 
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14 Breeze E, 
Mangtani P, 
Fletcher AE, 
Price GM, 
Kovats S, 
Roberts J. 
Trends in 
influenza 
vaccination 
uptake among 
people aged 
over 74 years, 
1997-2000: 
survey of 73 
general 
practices in 
Britain. BMC 
Fam Pract 2004; 
5: 8.


14
 


To evaluate 
changes in 
vaccination 
policy 
retrospectivel
y in terms of 
overall uptake 
and variation 
by 
socioeconomi
c status in 
over 74 year 
olds during 
the period 
1997–2000. 


Longitudinal 
study. 


+ ++ British people 
aged over 74 
years. 
 
Vaccination 
information 
for 1997–
2000 
collected 
directly from 
general 
practices 
taking part in 
a MRC-funded 
Trial of the 
Assessment 
and 
Management 
of Older 
People in the 
Community. 
 
 


Vaccination 
uptake 
obtained from 
GP records. 


Vaccination 
uptake and 
various 
demographic and 
socioeconomic 
characteristics. 


Regression 
modelling used to 
assess relative 
probabilities of 
having vaccination 
according to year, 
gender, age, area 
and individual 
socioeconomic 
characteristics. 


Uptake was 48% (95% CI 45%, 55%) in 
1997 and did not increase substantially 
until 2000 when the uptake was a third 
higher at 63% (50%, 66%).  
 
Vaccination uptake was lower among 
women than men (RR 0.9), people aged 
85 or more compared to people aged 
under 80 (RR 0.9), those in the most 
deprived areas (RR 0.8) compared to 
the least deprived, and was relatively 
high for those in owner-occupied 
homes with central heating compared 
to other non-supported housing (RR for 
remainder = 0.9). 
 
This pattern did not change over the 
years studied. 
 
Authors conclude that increased 
uptake in 2000 may have resulted from 
the additional financial resources given 
to practices; it was not at the expense 
of more disadvantaged socioeconomic 
groups but nor did they benefit 
disproportionately. 
 


 


15 Mangtani P, 
Breeze E, 
Stirling S, 
Hanciles S, 
Kovats S, 
Fletcher A. 
Cross-sectional 
survey of older 
peoples' views 
related to 
influenza 
vaccine uptake. 


To obtain the 
views of 
people over 
the age of 74 
years 
regarding 
vaccine 
uptake. 


Cross-
sectional 
survey. 


+ ++ British people 
aged 75 years 
and over. 


Influenza 
vaccine 
uptake 
obtained 
using a postal 
questionnaire
. 


Influenza vaccine 
uptake. 
 
Views of 
respondents 
regarding uptake. 


Responses analysed 
by vaccine uptake 
records and by 
socio-demographic 
and medical factors. 


85% of men and 75% of women were 
vaccinated against influenza in the 
previous year. Over 80% reported 
being influenced by a recommendation 
by a health care worker.  
 
The most common reason reported for 
non uptake was good health (44%), or 
illness considered to be due to the 
vaccine (25%).  
 
81% of people reporting good health 
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BMC Public 
Health 2006; 6: 
249.


15
 


lived in owner occupied housing with 
central heating vs. 63% who did not 
state this as a reason (p = 0.04), 
whereas people reporting ill health due 
to the vaccine was associated with 
poorer social circumstances.  
 
11% lived in the least deprived 
neighbourhood compared to 36% who 
did not state this as a reason (p = 0.05) 
and were less likely to be currently 
married than those who did not state 
this as a reason (25% vs 48% p = 0.05). 
 
Authors conclude that the divergent 
reasons for non-uptake, and the 
positive influence from a health care 
worker, suggests further uptake will 
require education and encouragement 
from a health care worker tailored 
towards the different views for not 
having influenza vaccination.  
 
Non-uptake of influenza vaccine 
because people viewed themselves as 
in good health may explain the modest 
socio-economic differentials in 
influenza vaccine uptake in elderly 
people noted elsewhere.  
 
Reporting of ill-health due to the 
vaccine may be associated with a 
different, poorer background. 
 


17 Takayama M, 
Wetmore CM, 
Mokdad AH. 
Characteristics 
associated with 
the uptake of 


To identify 
characteristics 
associated 
with influenza 
vaccination 
that might 


Analysis of 
surveillance 
data. 


+ + 134,101 
adults in the 
USA. 


Vaccine 
uptake based 
on data from 
the 2009 
“Behavioral 
Risk Factor 


Receipt of 
influenza vaccine 
in the past 12 
months. 
 
Characteristics of 


Multivariable 
Poisson regression 
with robust 
variance to 
estimate unbiased 
adjusted prevalence 


Among adults aged ≥65 years, the 
influenza vaccination coverage level 
was 68.9%.  
 
Among 286,867 younger adults aged 
18-64 years, coverage was markedly 
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influenza 
vaccination 
among adults in 
the United 
States. Prev 
Med 2012; 
54(5): 358-62.


17
 


inform 
strategies for 
increasing 
coverage. 


Surveillance 
System 
(BRFSS)”. 


BRFSS 
respondents. 


ratios for influenza 
vaccination 
coverage. 
 
Backward stepwise 
selection used to 
identify 
characteristics 
independently 
associated with 
influenza 
vaccination. 


lower: 31.8%.  
 
Having health care coverage was the 
strongest predictor of vaccination in 
both age groups, after accounting for 
other sociodemographic 
characteristics, health behaviours, and 
health status.  
 
Those reporting older age, white race, 
higher education, non-smoking status, 
being physically active, or having poor 
physical health or a personal history of 
various chronic conditions were also 
more likely to report having received 
the influenza vaccine. 
 
Authors conclude that vaccine uptake 
in the United States is related to social 
position as well as other health 
behaviours. 
 


13 Watkins J. 
Effectiveness of 
influenza 
vaccination 
policy at 
targeting 
patients at high 
risk of 
complications 
during winter 
1994-5: cross 
sectional 
survey. BMJ 
1997; 
315(7115): 
1069-70.


13
 


To investigate 
the 
implementati
on of current 
vaccine 
policy. 


Survey. - + 64 general 
practices in 
the county of 
Gwent, with a 
registered 
population of 
291 908. 
 
Information 
submitted on 
21,001 
patients. 


Data 
collection 
from patients 
at the time of 
vaccination. 


Uptake rates of 
vaccine in at risk 
groups. 
 
Patients asked 
their age, 
whether they 
suffered with any 
of the conditions 
for which 
influenza 
vaccination is 
recommended, 
and the method 
by which they 
came to receive 
vaccination. 


Unclear. Under half of those patients identified 
as high risk and recommended for 
vaccination received it: only 63% of 
patients with heart disease, 39% with 
diabetes, 41% with asthma, and only 
one in three of those over 75.  
 
Advice from general practitioners 
accounted for 40% of all those being 
vaccinated, most of the remainder 
resulting from self referral by patients 
on an annual basis or on advice from 
the practice nurse.  
 
Other health professionals, particularly 
hospital consultants, played an 
insignificant part in vaccine promotion.  
 


General 
Practice 
report. 
 
Method of 
statistical 
analysis not 
reported. 
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Under 4% of patients were recruited by 
proactive methods such as telephone, 
letter, or a message on repeat 
prescriptions; 80% were recruited 
opportunistically.  
 
Poster campaigns had little influence in 
targeting those who would most 
benefit.  
 
There was no significant difference in 
uptake rates between practices 
according to whether they were 
training practices or fund holders, had 
more than two partners, or occupied 
cost-rent premises.  
 
There was also no relation with list 
size, though those practices with the 
highest vaccination rates had the 
highest uptake in those who would 
most benefit. 
 
Author concludes that personal advice 
from a general practitioner or practice 
nurse during the vaccination period 
was the greatest stimulus to vaccine 
uptake.  
 
There was little evidence of practices 
using vaccination registers to plan their 
vaccination programmes, and other 
health workers, though targeting risk 
groups correctly, did so too 
infrequently to make an impact. 


Integrated strategies 


4 See chalabi et al 
2013 above


4
 


          


27 Public Health 
England, Local 


To summarize 
actions and 


Synthesis 
document 


n/
a 


n/a England 
(general and 


Alert system, 
for periods of 


Health protection 
actions 


Synthesis 
document, not 


Summarizes current guidance on 
implermentation of the Cold Weather 
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Government 
Association, 
Met Office, NHS 
England. Cold 
Weather Plan 
for England 
2013. 
Protecting 
health and 
reducing harm 
from cold 
weather.  PHE 
publications 
gateway 
number: 
2013231 
London: Public 
Health England, 
2013.
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guidance 
relating to the 
Cold Weather 
Plan for 
England 


at-risk 
population)  


cold or 
hazardous 
weather, 
developed in 
collaboration 
with the Met 
Office, which 
operates in 
England from 
1 November 
to 31 March 
each year  
 
(The Met 
Office will 
issues alerts 
for forecast 
periods of 
severe cold 
weather on 
the basis of 
either low 
temperatures 
of 2°C or less; 
and/or heavy 
snow and ice 


analytical Plan for England and specifically its 
alert system.  
Emphasizes: 
--  action at alert level 0 (year round 
planning) and level 1 (winter 
preparedness and action) to reflect 
that the greatest total health burden 
occurs at relatively moderate cold 
temperatures  
-- the importance of a long-term 
strategic approach by health and 
wellbeing boards (HWBs) and 
commissioners to reducing winter 
morbidity and mortality  
-- making a clearer distinction between 
the health effects and interventions for 
cold temperatures, and those for snow 
and ice   
 
The plan is a good practice guide and 
the actions denoted within it are 
illustrative. 
 
Five key messages that are 
recommended to all local  
areas:  
-- All local organisations should satisfy 
themselves that the suggested actions 
and cold weather alerts are understood 
across the system, and that local plans 
are adapted as appropriate to the local 
context.  
 -- NHS and local authority 
commissioners should satisfy 
themselves that the distribution of cold 
weather alerts will reach those that 
need to take action, especially in light 
of recent structural changes.  
 -- NHS and local authority 
commissioners should satisfy 
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themselves that providers and 
stakeholders take appropriate action 
according to the cold weather alert 
level in place and their professional 
judgements.  
 -- Opportunities should be taken for 
closer partnership working with the 
community and voluntary sector to 
help reduce vulnerability and to 
support the planning and response to 
cold weather.  
 -- Long-term planning and 
commissioning to reduce cold-related 
harm is considered core business by 
HWBs and should be included in joint 
strategic needs assessments (JSNAs) 
and joint health and wellbeing 
strategies (JHWSs) 


26 Wookey R, 
Austyn K, Bone 
A, (Extreme 
Events and 
Health 
Protection). 
Warm Homes 
Healthy People 
Fund 2012 to 
2013. London: 
Public Health 
England; 2012-
13.


26
 


 


To evaluate 
the Warm 
Homes Health 
People Fund 
(WHHP), 
through 
identifying 
the benefits 
of the 
interventions 
and the 
challenges 
faced. 


Mixed 
methodology: 
online survey 
for local 
authority 
leads, 
telephone 
interviews 
and local 
evaluation 
reports  
 


+ ++ Fund 
recipients 


Fund 
recipients 
(England). 


Views of scheme; 
barriers and 
facilitators 


Descriptive The fund was once again universally 
well received.  
 
Partnership working was considered 
key to successful delivery. 
 
Barriers and challenges to delivery 
were identified including engagement 
with healthcare professionals, which 
continued to be a major barrier to 
reaching those most vulnerable to the 
effects of cold.  
 
Lack of year round funding challenges 
the development of these projects.  
 
The evaluation demonstrates the need 
for greater co-operation from health 
professionals and supports the case for 
year round funding for projects of this 
nature.  
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The support of clinical commissioning 
groups (CCGs), local authorities and 
health and wellbeing boards (HWBs) is 
considered essential to the 
continuation of these schemes, which 
address indicators in the three national 
health and social care outcome 
frameworks. 


28 Roche T. How to 
reduce the risk 
of seasonal 
excess deaths 
systematically 
in vulnerable 
older people to 
impact at 
population 
level. London: 
Department of 
Health, 2010.


28
 


Guide on how 
to reduce 
risks of 
seasonal 
excess death 
 


Best practice 
guidance 
(“how to” 
guide). 
 
Not empirical 
study 


n/
a 


n/a England and 
Wales 


n/a n/a The resource 
manual was built 
around good 
practice identified 
from the visits of 
schemes that are 
expected to make 
an impact on 
mortality in a short 
timescale if 
delivered at a 
sufficient scale. 


Resource guide published by the 
[Health Inequalities National Support 
Team] HINST – a manual containing a 
range of information, resources and 
tools, including a series of 'How to 
guides' and 'Masterclass reports'.  
 
Their proposal for manging local 
demand has 10 steps, though the 
evidence base is not presented: 
Step 1: Gain insight into the local 
picture of EWD through local analysis 
Step 2: Develop a shared 
understanding of the SED agenda and 
the role of partners 
Step 3.  Develop joint working 
Step 4: Develop a data-sharing 
agreement or data-sharing protocol 
Step 5: Coordinate a systematic 
approach across organisations for the 
key interventions 
Step 6: Develop a risk register  
Step 7: Develop a list of clients/patients 
Step 8: Develop criteria for 
prioritisation 
Step 9: Manage the list 
Step 10: Develop the management 
framework 
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Appendix 6 Example criteria for assessing study quality 
 


The quality of reviewed studies was assessed using a prescribed checklist of 19 criteria relating to 


study design, conduct, analysis and reporting as appropriate for quantitative observational studies. 


The list of criteria is given below, and the Excel spreadsheet of results of the assessment for included 


studies is separately attached.  Where there was also qualitative component, the criteria listed 


below were included. 


Questions/criteria for assessment of the quality studies 


 Description of the source population? 


 Is the eligible population representative of the source population? 


 Do the selected participants represent the eligible population? 


 Minimisation of bias in exposure classification and comparison group? 


 Was selection of exposure variables based on a sound theoretical basis? 


 Was contamination acceptably low? 


 How well were confounding factors identified and controlled for? 


 Is the setting applicable to the UK?  


 Were outcome measures and procedures reliable? 


 Were outcome measurements complete? 


 Were all important outcomes assessed? 


 Was there a similar follow-up time of exposure and comparison groups? 


 Was follow-up meaningful? 


 Was the study sufficiently powered? 


 Were multiple exposure variables considered in the analyses? 


 Were analytical methods appropriate? 


 Was the precision of association given or calculable? 


 Are the study results internally valid (unbiased)? 


 Are the findings generalisable to the source population (externally valid)? 


Qualitative component of studies 


 Study: authors, year.  Citation  


 Research parameters: Research questions.  Theoretical approach (e.g. grounded in theory, 


IPA) taken (if specified).  State how data were collected: what method, by whom, what 


settings, when 


 Population and sample selection:  The population the sample were recruited from; how they 


were recruited.  Report how many participants were recruited; specific inclusion criteria; 


state specific exclusion criteria.   


 Outcomes and methods of analysis -- Description of method and processes of analysis.  Key 


themes relevant to this review (with illustrative quotations if available) Limitations 


identified by the authors. Limitations identified by the review team. 
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 Limitations identified by review team:  Evidence gaps and/or recommendations for future 


research.  Sources of funding -- e.g. government (NHS), voluntary/charity, pharmaceutical 


company, and the role of funding organizations. 








Section A: CPHE to complete 


Name: Christine Liddell 


Job title: Professor of Psychology 


Address: University of Ulster 
Cromore Road 
Coleraine, Northern Ireland BT53 8BZ 


Guidance title:  


Committee:  Cold Homes and Excess Winter Deaths 


Subject of expert testimony: EWD, Alzheimer’s Disease and Dementia 


Evidence gaps or uncertainties: [Please list the research questions or 
evidence uncertainties that the testimony 
should address] 


- Are EWD’s equally spread across all causes other than cardiovascular and 
respiratory causes? 


- If not, what are the implications, if any, for treatment and prevention? 


Section B: Expert to complete 


Summary testimony: [Please use the space below to summarise 
your testimony in 250 – 1000 words – 
continue over page if necessary ] 


Excess winter deaths are most commonly associated with a few specific causes of 


death, most notably those caused by respiratory and cardiovascular episodes. 


Recently, however, the Office for National Statistics has begun citing excess winter 


deaths where dementia and Alzheimer’s Disease are nominated as causes on death 


certificates. Table 1 provides a summary of the latest annual review of data on 


excess winter deaths. 


 
Table 1 : Excess winter deaths, England and Wales (all ages). 


 Respiratory 
causes 


Circulatory 
causes 


Dementia & 
Alzheimer’s* 


Injury & 
Poisoning 


2009/10 43%  
more in 
winter 


20%  
more in 
winter 


35% 
more in 
winter 


11% 
more in 
winter 


2010/11 51%  
more in 
winter 


15%  
more in 
winter 


43% 
more in 
winter 


10% 
more in 
winter 


2011/12 40%  
more in 
winter 


16%  
more in 
winter 


29% 
more in 
winter 


16% 
more in 
winter 


  Source: ONS, 2013 







Excess winter deaths where Dementia and Alzheimer’s disease are nominated 


accounted for over 2,400 excess winter deaths in each of these 3 years. Whilst most 


of these deaths occurred among people over 75, the ONS 2011 report states that: 


“Dementia and Alzheimer’s disease was one of the leading causes 


of death in 2010 (ONS, 2011), and also displays marked seasonal 


effects. In 2009/10 there were 2,420 excess winter deaths from this 


cause, 22 per cent lower than in 2008/09, but 36 per cent higher 


than 2007/08. The number of excess winter deaths from dementia 


and Alzheimer’s disease were much higher in people aged 75 and 


over, but the greatest seasonal effect was seen in people aged 65 


to 74. The reasons for the seasonal pattern in deaths from dementia 


and Alzheimer's disease are not clear. However, it may be related 


to the greater vulnerability of people with these conditions to 


respiratory diseases, difficulties with self-care, and falls, all of which 


may be more important in winter months.” (p. 10). 


 


This pattern may have been evident for some time, although only one year of data 


from earlier on could be sourced from the public domain. In 1996/1997, the Excess 


Winter Deaths Indices for respiratory, circulatory, and “mental disorders” (which are 


stipulated as being largely dementia) were:   


 


 2.00 for respiratory causes 


 1.24, for circulatory causes  


 1.37 respectively for mental disorders. 


 


In other words, there were proportionally more excess winter deaths attributed to 


dementia in the late 90’s than were attributable to circulatory causes – which 


continues to be the case in 2011/12. 


 


Reasons for this pattern are, as ONS conclude, uncertain, and may end up being 


attributable to issues of little relevance to treatment and prevention. For example, 


between the 1990’s and 2011/12, the classification system for attributing underlying 


causes of deaths changed from ICD-9 to ICD-10. This change was particularly 


significant for causes such as dementia; however, it seems not to have altered the 


pattern of excess winter prevalence. Other possible explanations might involve the 


complexities of managing a heating routine (boiler settings, timers, thermostatic 







valves, radiators in need of bleeding etc.), which might especially implicate younger 


sufferers still living at home.  


 


Perhaps more research could be undertaken, to ascertain whether this excess winter 


death ratio among people suffering from Alzheimer’s Disease and dementia creates 


issues for treatment and prevention.  If data are available from 1996/7 onwards, then 


multivariate analyses by gender, age, other causes listed on death certificates, and 


location of death (in their own home or in another location) could be helpful in the first 


instance. 


 


References (if applicable): 


Annual reports on excess winter deaths (England and Wales) published by the Office 
for National Statistics. 


 








Section A: CPHE to complete 


Name: Christine Liddell 


Job title: Professor of Psychology 


Address: University of Ulster 
Cromore Road 
Coleraine, Northern Ireland BT53 8BZ 


Guidance title:  


Committee: Cold Homes and Excess Winter Deaths 


Subject of expert 
testimony: 


Cold Homes and Children 


Evidence gaps or 
uncertainties: 


[Please list the research questions or evidence 
uncertainties that the testimony should address] 


- What is the evidence base concerning the associations between living in a 
cold home and children’s health/wellbeing? 


Section B: Expert to complete 


Summary testimony: [Please use the space below to summarise your 
testimony in 250 – 1000 words – continue over page if 
necessary ] 


Caveats 


There are significant ethical constraints when exploring the impacts of cold homes on 


children’s health and wellbeing. Almost none of the evidence is based on clinical 


assessments of children’s health status before and after retrofit; some evidence is 


drawn from children’s own symptom and treatment diaries, but parental report is 


largely relied upon. Since parents themselves experience the benefits of a warmer 


home, and may also experience improved health/wellbeing as a result, there are 


opportunities for confounding, in which the disposition of parents improves and 


children feel less troubled by ailments as a result; even if children are still equally 


symptomatic post-retrofit, parents may view this as less burdensome given their own 


health/wellbeing improvements. Only one study (one of the two strongest 


methodologically) gathered lung function test data from asthmatic children before and 


after retrofit; there were no significant improvements. However, follow-up intervals 


were short and lung function may have taken longer to improve than could be 


accommodated in the trial.  


There is also extensive anecdotal evidence that caregivers protect children from cold 


homes as much as possible, which may minimise potential health impacts. Heating is 


left off throughout winters whilst children are at school, only being turned on to warm 


up in time for their return (O’Sulllivan et al. 2011). The greatest prevalence of energy-


related debt is also found in families with young children, especially those with a 







single caregiver, with parents expressing the view that a warm home is non-


negotiable where their children are concerned (e.g. Harrington et al., 2005). Thus, 


children’s exposure to the worst of cold indoor temperatures may be somewhat more 


limited than the exposure of adults, with consequences for what might be expected 


from a dose-response effect. 


Effects may also be mitigated by the fact that changes in home conditions were often 


rather modest post-retrofit. Although studies which measured changes in 


temperature, mould and damp post-retrofit all confirm improvements, these are often 


modest. For example in one of the 2 New Zealand studies, indoor temperatures 


improved by 10C, to an average of 170C; this remains below the WHO recommended 


safe temperatures for bedrooms (180C) and considerably below that for living rooms 


(210C). That is, homes remained cold inside. 


 


Findings 


The recent Cochrane Review from Thomson and colleagues cites 6 quantitative 


studies of sufficient quality.  A similar review by Maidment et al. cites 20 studies 


(which include the 6 selected by Thomson’s team). Of these six core studies: 


- two are randomised controlled trials of sufficient size and quality, and both of 


these report significant perceived improvements in children’s respiratory 


health (including child and parent reports of wheezing, disturbed sleep, 


coughing, and days off school). The odds ratio’s for significant effects are 


impressive ranging from 0.48 to 0.59. (Howden-Chapman et al., 2007; 2008). 


However, the children involved in these 2 studies were the same children, first 


given insulation (Study 1), and then given heating (Study 2); Study 2 children 


were a subset chosen because they all had asthma. As already mentioned 


lung function showed no significant change in Study 2. 


- two studies were not RCT’s but were of high scientific quality; neither found 


impacts on children’s health or mental wellbeing (CHARISMA and Barton 


studies); 


- two studies were of less scientific rigour; one (Somerville) reported a wide 


range of statistically significant improvements in areas such as coughing, 


wheezing and blocked nose, and also fewer days off school as a result of 


asthma. The other (Hopton) reported scattered but inconsistent significant 


effects, not all of them in the expected direction. 


Maidment and colleagues consider a wider range of studies than the Cochrane 







Review, not all of them of especially high standard, but they evaluate where the 


greater impacts of retrofits might be located. They use a universal currency of effect 


sizes (or d values), in which  


- values approximating 0.20 are classically considered small but measurable,  


- values around 0.5 are medium effects,  


- and values around 0.8 are large.  


They conclude that the effects of improving domestic energy efficiency are uniformly 


small but often significant; they are greater for children (d = 0.08)  than for healthy 


adults, greater still for people in poor health (d = 0.13) and even greater among low 


income households (d = 0.15).  


In another line of enquiry, improving the affordability of heating was associated with 


improved child outcomes. When many other factors had been accounted for (e.g. 


mother’s education, ethnicity, marital status, employment, etc.), infants from low-


income families who received a winter fuel subsidy (a sample of more than 1,000 


infants in the USA) had significantly higher weight-for-age scores and lower 


nutritional risk for depressed growth than did those from homes without a fuel 


subsidy. They also had lower odds for attending emergency paediatric units, and 


were rated by caregivers as being in better health and of more advanced 


developmental status (Frank et al., 2006). Since infancy is a period of rapid growth, it 


is also a period of high calorific need. Children in homes without winter fuel subsidy 


were found to consume fewer calories than subsidised infants (Cook and Frank, 


2008). This corroborated research using data from the USA National Health and 


Nutrition Examination Survey to examine winter resource shifts, i.e. the extent to 


which drops in temperature were associated with changes in how much households 


spent on food and heating (Bhattacharya et al., 2003). During winter, low-income 


households showed significant decreases in calorie intake which equated with a 10% 


reduction in food intake for both children and adults. By contrast, higher-income 


households increased their spend on both heating and food during temperature 


shortfalls, maintaining the same levels of food intake year-round. 


Evidence concerning birth-weight and outdoor ambient temperatures is potentially 


relevant, but difficult to interpret. There are, however, many consistent studies. 


Effects of mothers’ exposure to cold tend to be small, but statistically significant : cold 


temperatures are associated with lower birth-weights averaging 25-35g. Heat 


exposure effects are greater. Most studies in this area conclude that mothers should 


be protected from the “extremes” of local  ambient temperatures during pregnancy. 







Strand and colleagues (2011) provide a  useful review of the evidence.  


 


Summary of associations between cold housing and children’s health 


Ethical constraints limit how much we know about the impacts of cold indoor 


temperatures on infants and young children. Unlike many other vulnerable groups, 


this group may often be protected from the impacts of the coldest indoor 


temperatures, and so impacts on their health and wellbeing may be ameliorated. 


Evidence from  


- one high quality RCT done in 2 stages 


- one of  four other intervention studies (possibly two of four) 


- one study examining the impact of fuel subsidies on children’s health 


- and several studies examining the relationship between birth-weight and 


maternal exposure to cold 


all coalesce around statistically significant impacts with small effect sizes.    
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!!!!!!!!!!!!!!!!!
Research rationale:  
Disabled people are recognised within 
research and policy as being a group 
‘vulnerable’ to fuel poverty, however, there 
is very limited evidence that considers the 
relationship between fuel poverty and 
disabled people, or the impact of welfare 
reform and fuel poverty policy on disabled 
people.  Given this gap in knowledge Eaga 
Charitable Trust funded the Department of 
Social Policy and Social Work and Centre for 
Housing Policy at the University of York to 
investigate the relationship between fuel 
poverty and disability in the context of policy 
change.   This project set out to answer 
three research questions:  !


1. What evidence currently exists around 
the relationship between fuel poverty 
and disabled people? 


2. What are the needs of disabled people 
living in fuel poor households? 


3. What can policy learn from these 
research findings? 


Methodology:  
The project methodology consisted of: a 
literature review; statistical analysis of the 


2010-2011 English Housing Survey (EHS), 
using the 10 per cent (basic and full income) 
and Low Income High Cost (LIHC) measures of 
fuel poverty; qualitative interviews with 16 
stakeholders working in agencies that address 
fuel poverty, and 19 interviews with disabled 
people and the parents of disabled children.   !
Summary of the literature review:  
There is a clear relationship between ill 
health and fuel poverty, and those with 
particular impairments and conditions may 
require more energy in order to maintain 
their existing health status (for example, 
warmer temperatures, longer periods of 
warmth, or the use of energy intensive 
equipment).   At present the existing 
definition of fuel poverty does not reflect 
these additional needs.  Equally, the current 
definition treats Disability Living Allowance 
(DLA) and Attendance Allowance (AA) as 
general income despite advice to the 
contrary by the Fuel Poverty Review. !
Substantial changes to the welfare system 
have been implemented during the lifespan 
of this project including the following: 
Incapacity Benefit (IB) to Employment 


Fuel Poverty and disabled people: 
the impact of policy change 
!
Carolyn Snell, Mark Bevan and Harriet Thomson  


This research investigated the relationship between fuel poverty and disability in the context 
of policy change.  The project consisted of a literature review, statistical analysis of the 
English Housing Survey using three measures of fuel poverty, and findings from qualitative 
interviews with 16 key stakeholders and 19 households containing disabled people.  







Support Allowance (ESA), Universal Credit, 
and DLA to Personal Independence Payments 
(PIP).   The impact of cuts to budgets is 
already said to have had a negative impact 
on disabled people on low incomes, through 
changes to local authority budgets, benefit 
levels and the availability of charitable 
s uppo r t . Change s i n we l f a re have 
corresponded with changes in fuel poverty 
policy.  Whilst there is support for disabled 
people through policy, those of working age 
miss out on the Warm Home Discount Scheme 
(WHDS) core group and Winter Fuel 
Allowance. Depending on the criteria used, 
they may also be unable to access schemes 
through the Energy Companies Obligation 
(ECO) schemes, whilst subsidising those who 
are eligible.   !
Overall the literature review found that 
reduced incomes and higher energy bills will 
lead to an increased prevalence and 
experience of fuel poverty amongst some 
disabled people, especially those who lose 
out under benefit reforms and are ineligible 
for fuel poverty support.   Additionally, it is 
likely that the circumstances of some 
disabled people will not be reflected in 
official statistics either because their 
incomes are exaggerated, or energy needs 
under estimated.  !
Headline findings:  
The statistical analysis of the EHS found that:  !


• A greater proportion of households 
containing disabled people are fuel 
poor compared with households that 
do not contain disabled people. 


• When DLA and AA are removed from 
the calculation of income, fuel 
poverty rates increase amongst 
households containing disabled 
people.  


• Fuel poverty levels vary by household 
composition type, the presence of a 
disability and the measure of fuel 
poverty used.  For example, under the 
full and basic income measures of fuel 
poverty, the highest rates are found 
amongst single disabled people under 
60 (36.6 and 53.5 per cent 
respectively).  However, these rates 
are substantially lower under the LIHC 
measure at 21.1 per cent.      


• For households containing disabled 
people, fuel poverty rates are highest 
in the private rented sector.  This 
occurs across all measures, with the 
highest rates found under the LIHC 
measure. 


• Fuel poverty rates tend to be highest 
amongst all households that pay 
energy bi l ls using prepayment 
methods across all three measures of 
fuel poverty, and are generally higher 
amongst households containing 
someone who is disabled.  Fuel 
poverty rates amongst households 
containing disabled people that use 
standard credit are also comparatively 
high.  !


The qualitative analysis of households 
containing disabled people demonstrated 
diverse experiences in terms of affording the 
costs of energy. For respondents who were 
reliant on benefits, managing the costs of 
energy as part of total outgoings was 
becoming increasingly problematic.  The 
increasingly discretionary and localised 
nature of support for households containing 
disabled people was identified as a concern, 
because in some areas, DLA was being 
counted as general income to pay for rent, 
disabled people were being turned down for 
Discretionary Housing Payment, or were a 
low priority for this form of assistance. In 







addition, the uses to which benefits such as 
DLA and Carers Allowance were being put 
meant that incomes were being stretched. 
The combination of changes to benefit 
entitlements, for example to council tax or 
H o u s i n g B e n e f i t , h a d s i g n i f i c a n t 
consequences on the ability of these 
respondents to pay for fuel.   !
Stakeholders highlighted the crucial role of 
working at the local level to identify and 
work with households who would benefit 
from energy efficiency measures. A number 
of respondents and agencies highlighted the 
difficulties of maintaining adequate levels of 
warmth for households containing disabled 
people in dwellings with poor levels of 
energy efficiency, or inadequate heating 
systems. The health sector was viewed as 
having a potentially crucial role to play in 
alleviating fuel poverty amongst households 
containing disabled people. In the face of 
difficulties in identifying and targeting 
disabled people through data matching 
exercises at the national level, initiatives and 
funding via the health sector was thought to 
provide an alternative avenue for identifying 
and supporting the energy requirements of 
disabled people.  !
Discussion and policy recommendations:   
The analysis of the data, combined with 
existing knowledge on the relationship 
between fuel poverty, disability and poverty 
has led to five key observations and related 
recommendations.  !
Firstly, the statistical analysis of the EHS 
found higher rates of fuel poverty amongst 
households containing disabled people 
compared with households not containing 
disabled people.  This is unsurprising given 
that disabled people are more likely to 
experience poverty compared with non 


disabled people.  Rates of fuel poverty vary 
according to the measure used.    !
The results presented here (and in official 
calculations of fuel poverty) do not account 
for the elevated energy needs of people with 
specific impairments or conditions, and as 
such are likely to underrepresent the extent 
to which some disabled people are struggling 
to pay for energy costs, or are risking their 
health by not using sufficient energy.  The 
qual i tat ive research backs this up, 
demonstrating a higher need for both heat 
and energy due to particular impairments; 
longer periods of time spent in the home, 
and the difficulties associated with paying for 
this.    !
RECOMMENDATION ONE:  Ensure that the 
needs of d isabled people are ful ly 
acknowledged within relevant fuel poverty 
policy, recognising that needs are diverse, 
fluctuating, nuanced, and in some instances 
masked by official statistics.  Recognition of 
the problem should not be limited to fuel 
poverty policymakers, but also those working 
in other relevant areas such as health and 
social care.   Given the difficulties associated 
with identifying and targeting fuel poor 
disabled people, local networks and the 
engagement of the health sector may help 
support those in most need.  !
Secondly, fuel poverty rates increase where 
DLA and AA are removed from calculations of 
income. This was recommended by John Hills 
in the Fuel Poverty Review, and is an 
argument present in general discussions 
about the measurement of poverty.   The 
qualitative findings demonstrate the pressure 
being put on DLA to be used repeatedly as a 
form of everyday household finance.  !







RECOMMENDATION TWO: As recommended 
in the Fuel Poverty Review, DLA and AA 
should not be treated as disposable income in 
the measurement of fuel poverty.  More 
generally, policymakers and those working in 
front line agencies need to be far more 
aware of the multiple claims being made on 
DLA.   The same principle should be applied 
to new disability related benefits such as 
PIPs.  
  
Thirdly, the literature review, statistical and 
qualitative analysis demonstrate a mismatch 
between the provision of fuel poverty 
support and those in most need.  Under the 
10 per cent definition of fuel poverty single 
households composed of disabled people 
under the age of 60 have high fuel poverty 
levels, and are not necessarily able to access 
the WHDS. This group are also vulnerable to 
other cuts and changes in welfare, whereas 
those over 60 are more likely to be protected 
from these.  Additionally, factors such as not 
being the named bill payer, time lags, and 
different eligibility criteria for the broader 
group of the WHDS were all noted as 
preventing access to support.   Following the 
withdrawal of social tariffs this issue has 
become more problematic as social tariffs 
had broader eligibility criteria.    !
RECOMMENDATION THREE:  Include disability 
as a qualifying factor for the core group of 
the WHDS and the ECO.  Consider the 
presence of a disabled household member as 
a qualifying factor (rather than that person 
being the named bill payer).  Ensure that 
holders of the WHDS are able to switch 
providers without having to reapply for it.   !
Fourthly, fuel poverty rates were found to be 
highest in the private rented sector, and the 
qualitative findings also demonstrated 
c o n c e r n s a b o u t t h i s a m o n g s t k e y 


stakeholders, including some of the private 
tenants who were interviewed. Disabled 
people may be especially disadvantaged here 
given the limited supply of appropriate 
housing in this tenure.   !
RECOMMENDATION FOUR: address housing 
conditions in the private rented sector as a 
matter of urgency.  The links between poor 
health and role of the health and social care 
sector may be crucial here, for example, 
through energy on prescription.   !
Fifthly, more households containing disabled 
people are on prepayment meters for their 
gas (where connected) and electricity supply 
than households without.  Whilst there is 
evidence within the qualitative interviews 
that this can help manage household bills and 
budgeting, concerns were raised by the 
stakeholders about risks of self disconnection 
and higher energy charges, and the practical 
difficulties of using them.  Whilst it is illegal 
to disconnect vulnerable customers in the 
winter, installing a prepayment meter is not.  
This could be considered as devolving 
disconnection decisions to the bill payer. 
Given what is known within the health 
literature about under heating the greater 
potential for self disconnection could be 
highly dangerous for health.   !
RECOMMENDATION FIVE: Serious attention 
should be paid to the suitability of 
prepayment meters for disabled people, in 
terms of their useability, and also given the 
e levated r i sks assoc iated with se l f 
d i s c o n n e c t i o n . A g a i n , a b r o a d e r 
understanding of this issue amongst other 
sectors in direct contact with disabled people 
(such as health and social care) may help 
address self disconnection more urgently.  !!







Conclusion 
The recently adopted LIHC definition changes 
the landscape of fuel poverty, on the whole 
reducing rates in the analysis presented 
here. However, we argue that disabled 
people, especially those on low income 
benefits and with high energy needs may still 
experience cold, damp housing, and/or 
energy debt, regardless of whether or not 
they are defined as fuel poor. Whilst official 
measures continue to neglect the actual 
energy needs of some disabled people, it is 
essential that policymakers and practitioners 
recognise the diverse, nuanced, fluctuating 
needs that some disabled people have, and 
work to support these. In the current 
climate, the assumption that disability 
related benefits such as DLA and AA (and new 
benefits such as PIPs) can be used for energy 
payments is highly flawed, given the many 
other claims being made on these benefits. !
Further details 
Full project outputs can be found on the 
Eaga Charitable Trust website:  
http://www.eagacharitabletrust.org/
index.php/projects !
For more information, please contact Carolyn 
Snell carolyn.snell@york.ac.uk or Mark Bevan 
mark.bevan@york.ac.uk  !
Carolyn Snell, Mark Bevan and Harriet 
Thomson, The University of York  !
 March 2014








PHAC C 5.6 Expert Paper 4  - Beat the Cold Evidence for NICE 


 March 2014 


11/06/2014 Page 1 of 4 Expert Paper 4 Working in local partnerships to 
address the impact of cold homes 


1 Background 


Beat the Cold began as an informal working party at Stoke-on-Trent CVS in the mid 1980’s, in 
response to concerns about hypothermia and about the welfare of older people during the 
winter. In 1995, the CVS employed a co-ordinator to develop the campaign. As the work 
developed, the emphasis moved from assisting voluntary and statutory agencies to increasing 
work with individual clients. The project was allowed to develop a distinct identity. In 1999, six 
members of the Advisory Committee formed an independent charity. 


Currently, the agency has six members of staff – four full time and two part time. Four advisers 
spend much of their time in outreach work and in the homes of clients; one adviser is also the 
Operations Manager and is office-based; and there is a Chief Officer. The agency has a number 
of associates who are trained and experienced. They help us to respond to short-term 
fluctuations in demand, such as when the peak of WHHP activity coincided with peak winter 
activity and a collective fuel-switching project. 


The aims of the charity are to reduce the incidence of cold-related illness and fuel poverty and to 
encourage sustainability in Staffordshire, Stoke-on-Trent and surrounding areas. 


2 Partnership 


The agency has always depended on working in partnership to achieve an impact in the 
communities that it serves. Building up a group of services that complement each other and 
offer a reliable service across an area is becoming more difficult. Fragmented projects may 
deliver targets for the funder or purchaser, but they do not provide a base, or core. 


2.1 Developing a service 


It may be worth distinguishing agencies or groups: 


 with a geographical base, well connected and well regarded, such as Residents’ 
Associations and some faith communities; 


 with a service user base, such as Home Start, North Staffs Users Group; 


 that offer primarily peer support, such as the Stroke Association or the Alzheimer’s 
Society; 


 with relevant services such as Home Improvement Agencies, agencies offering housing 
support; 


 and agencies able to carry out specialised work and to access specialised funding, such as 
Warm Zones cic. 


In practice, I would expect to see Age UK (local), CAB, the HIA, peer support groups, local 
authority (all tiers and various service areas), social landlords, a contractor panel involved. The 
local voluntary infrastructure organisations would be a good introduction. 


2.2 Formal partnerships 


Marches Energy Agency and Beat the Cold recognised complementary experience and skills and 
combined to tender for energy advice contracts. MEA hold three contracts – Lichfield, 
Tamworth and Stafford – with BtC as a delivery partner. For the Big Lottery, Reaching 
Communities, BtC is the lead agency for a project to work with the service users of Changes 
Health & Wellbeing and has a formal SLA with that agency. 


BtC has a contract with the Aspire Housing – part of the Aspire Group – to offer an energy 
advice service to customers of the social landlord, and with Staffordshire Housing Association to 
offer a similar, smaller service. As well as the close working with the individual purchasers, BtC, 
Aspire and SHA work together where sharing resources and expertise is of mutual benefit. 


Closer to the grass roots, it is possible to work formally with community groups such as 
Residents Associations and Local Action Partnerships. Three Residents Associations in Stoke 
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applied separately for funding from Eon to work with us on energy awareness within their 
communities. At this level, the group must see the benefits to its members and to its own 
development. 


2.3 Informal partnerships 


Mutual support between agencies can often achieve at least as much as contractual relationships. 
This support, when it makes delivering core activity simpler and has obvious benefits for service 
users (or members), will motivate agencies to work in partnership. There is more about moving 
this on to an ‘agency’ model below. 


2.4 Some implications of governance and representation 


Recent simple analysis by a local infrastructure organisation gives an indication of practical 
complexity. 449 charities registered in Staffordshire and Stoke-on-Trent; 1,350 voluntary 
organisations with paid staff; 1,800 community groups run entirely by volunteers. 2,500 VCS 
groups have an income of less than £10k a year, but a combined annual income of over £132m. 
The sector employs over 15,000 paid staff and 2,000 volunteers. 


Each voluntary agency is independent, with its own governance arrangements in accordance with 
Charity Commission requirements. My experience is that senior officers in statutory agencies can 
get frustrated that there is no central point, from which they can hear the voluntary sector view 
and to which they can turn when they want something done quickly. 


Agencies will vary as to user involvement – from user-led and partly staffed to the newer cic’s 
with directors. 


When planning and managing partnerships, it is important to understand how representation is 
working. For example, is the Chief Exec at a meeting selected to be there and reporting back to 
the wider sector? Because of the independent governance, it may be very difficult to find 
someone who can make commitments, but, at least, there will be the flat management structure 
of most voluntary agencies and their undoubted ability to respond quickly. 


3 Engaging with the NHS 


3.1 Commissioning 


The following is based on engagement with a senior commissioner and with several CCG’s. 


Evidence-based commissioning of comparatively small services is difficult, particularly if a 
potential provider is suggesting a case for ‘invest to save’. One of the recurring and intransigent 
issues for the community and voluntary sector is the capture of the evidence that illustrates any 
savings argument is robust; that outcomes can be attributed to interventions; and that the 
interventions have resulted in a ‘positive’ change in demand for NHS services. This is a challenge 
faced by all NHS providers, particularly where outcomes are associated with things subsequently 
not happening, such as admissions. 


CCG’s in Stoke and Staffordshire are replacing many of their small, third sector contracts with a 
grants scheme. Each CCG uses the same format, but specifies that proposals must meet their 
separate priorities. We are waiting to hear whether ‘Emergency Warmth’ will be accepted in 
Stoke, but we have been awarded a grant for working with GP practices in another CCG. 


Nationally, the cost to the NHS of excess winter illness and death needs to filter down to 
commissioning priorities at CCG and local authority Public Health level. 


3.2 Example – Emergency Warmth 


Two local PCT’s and then Stoke CCG funded our crisis service ‘Emergency Warmth’. Within the 
contract, the evidence base refers both to the JSNA and to the Health & Wellbeing Board 
Priority Outcome Indicators. 
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‘Beneficiaries of this service must be vulnerable to the effects of the cold and/or have an existing 
condition that is exacerbated by the cold, this includes, but is not limited to, the following patient 
groups: 


 Patients with respiratory conditions 


 Patients with co-morbidities 


 Elderly patients (aged over 65) 


 Households with infants (aged under 5) 


 Patients requiring discharge, or patients that have been recently discharged from hospital’ 


Example summaries from 2012-13 final report: 


Aged 90, lives alone; CHD, dementia; no heating 
Home Improvement Agency arranged boiler repair; BtC loan heaters 


Aged 79, lives alone; poor mobility 
Attempt to restore heating and hot water; negotiate with Warm Front to expedite grant work; liaise with 
Social Services 


Young couple with floating housing support 
Loan heaters; refer Housing Standards to force landlord to repair heating 


This project also demonstrates a blurring of roles between partner and contractor. We have a full 
contractual relationship with a heating company, but the Managing Director (and his staff) offers 
a much better service than we could afford. His engineers often go out the same day that we 
make a referral and the company allocates staff who know how to treat vulnerable customers. 


3.3 Engagement with service providers 


Following a paper to the Emergency Care Network Board, the University Hospital of North 
Staffordshire arrange a ‘Listening into Action’ event to explore how the sector could better 
engage. Senior staff from Social Care, Health, the hospital and invited voluntary agencies took 
part. As a result of that event, the hospital arranged a day for staff from the wards to meet 
agency staff. Perhaps the most valuable briefing was with the Discharge Facilitators around 
homeless people and around home conditions. 


SSoTP Trust, that provides most of the community health and social care in Staffordshire, has 
always been helpful at community level, with senior management support. 


4 Becoming sustainable 


Our advisers increasingly take out a tablet PC, so that the client can see how they are looking for 
the best fuel company and tariff. They negotiate, wherever possible, on speakerphone, so that 
the client can hear what is being said. With Aspire, we are about to try a ‘telephone triage’ model 
and select for home visits only those customers who cannot manage with only information and 
encouragement. To date, our experience is that visits planned to last only 20 minutes often 
become full advice and support visits. 


4.1 Volunteers 


When volunteers are comfortable, they can increase the effectiveness of the agency. Over winter 
2012-13, the volunteer helpers at the Live at Home lunch clubs in Lichfield ‘vouched’ for the 
BtC staff coming to talk and helped us to find vulnerable households that would benefit from 
face-to-face advice in the home. The Staffordshire Community Foundation supported similar 
groups across the County to offer additional places and additional sessions. In Stoke, over 1,000 
people benefitted from this work. 


Volunteers require agreements (similar to simplified contracts, but avoiding a formal contractual 
relationship), training, supervision, social support and more. Such activity requires medium to 
long term commitment and the allocation of a realistic budget. 8 to 10 volunteers at SHA were 
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recruited and trained, initially by NEA then by BtC, in both ‘technical’ skills and ‘people’ skills. 
They then enjoyed taking part in a Roadshow around five schemes and areas, with the 
confidence to go into residents’ homes to give advice. 


One model of volunteering is to recruit and train generic volunteers who are willing to engage in 
a variety of roles within the organisation. Another model seeks volunteers who are enthusiastic 
about certain themes, such as sustainability. 


5 Scheme models 


5.1 Desirable content 


 Using heating systems and other appliances economically 


 Finding the best deal for gas and electricity 


 Applying for the Warm Home Discount – worth £135 a year 


 Priority Service Register at the fuel companies 


 Negotiating with fuel companies, especially where there are errors with bills or meters 


 Support to cope with fuel debt 


 Home Energy Advice and Support Visits for vulnerable households 


 Referral and signposting to partner agencies 


 Small and large public events – partners welcome to join us 


 Training / briefing 


 A referral network for partners around ECO 


5.2 Implications of changes to ECO 


Recent changes to the implementation of the Energy Company Obligation and the proposals 
within the Consultation Document (The Future of the Energy Company Obligation, DECC) 
have significantly altered the likely availability of measures. The witness from DECC will be able 
to give the accurate picture of how Green Deal and ECO will fit into the provision of affordable 
warmth. 


For eligible households with a central heating system, on the gas main, it has been possible to 
find a fully funded repair or replacement for the boiler. Ancillary work might have incurred a 
cost, but the bulk of the cost of the boiler repair or replacement did not fall on the household. 


This looks set to change. As an indication the price per unit at auction has fallen from 22p – 24p 
a year ago to 7p. The obligated parties may be able to meet their targets by offering a reduced 
service. It was this Affordable Warmth obligation (HHCRO) that helped Emergency Warmth to 
function on a small budget. 


The Consultation Document proposes positive changes to HHCRO from April 2015 – bringing 
storage heaters and more off-gas properties within the scope of the scheme, and safeguarding 
those least able to afford a contribution to the cost. In the near and medium future, however, the 
outlook for households needing a new boiler is grave. 


BtC had been negotiating with potential partners to offer a scheme that funded all or part of the 
cost of advice and ‘soft’ support from payments for finding eligible households for HHCRO, 
CERO and CSCO. 


We would also have offered part of this funding stream to partner agencies with the expertise 
and reach to help us find eligible households. This is now ‘on hold’ at best. Encouragingly, our 
experience is that agencies may be willing to work with us for the good of their clients, 
undertaking any additional work at their own expense in some cases. 
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Dear Sirs 


Ofgem expert testimony for the Public Health Advisory Committee - Excess winter 


deaths and morbidity, and the health risks associated with cold homes 


  


Purpose and scope 


 


This letter provides a summary of the expert testimony to be provided by Philip Cullum 


(Partner, Consumer and Demand Side Insight, Ofgem) at the meeting of the Public Health 


Advisory Committee – Excess winter deaths and morbidity on 1 April. 


 


As requested, the summary provides an overview of our Consumer Vulnerability Strategy, 


along with details of our disconnections approach and the Priority Services Register (PSR). 


It also describes the social obligations placed on energy network companies. 


 


Ofgem has a duty to do all it can to meet the government’s target to eradicate fuel poverty, 


but our role in this area is limited to certain aspects – particularly making the market work 


as well as possible so that prices are kept down, consumer protection, and the provision of 


particular services. Other matters, such as bill support for consumers and energy efficiency 


policy, are primarily for government. As you will know, Decc is presently developing its fuel 


poverty strategy. 


 


Ofgem’s principal objective and duties 


 


Our principal statutory objective is to protect current and future consumers. In fulfilling 


this, we recognise that some consumers need specific consideration because they have 


particular needs or may be in situations that make them vulnerable.  Our statutory duties 


require us to have regard to those: 


 


• who are disabled or chronically sick 


• of pensionable age 


• with low incomes 


• residing in rural areas 


 


However, we are also able to take into account the specific needs of other groups of 


consumers.  


 


We are active in working to protect vulnerable consumers.  In 2005 we established a Social 


Action Strategy and we built on this in 2013 when we established our Consumer 


Vulnerability Strategy. 
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Committee on Excess Winter 


Deaths and Morbidity 


National Institute for Health and 


Care Excellence 


10 Spring Gardens 


London 


SWA 2BU 


 


Direct Dial: 020 7901 7175 


Email: Philip.Cullum@ofgem.gov.uk 


 


Date: 20 March 2014 
 







2 of 5 
The Office of Gas and Electricity Markets 


9 Millbank London SW1P 3GE  Tel 020 7901 7000  Fax 020 7901 7066  www.ofgem.gov.uk 


As an evidence-based body with a consumer objective, we undertake a large amount of 


consumer research. Our Retail Market Review was for example underpinned by 20 


consumer research projects, including important strands of work with disengaged, 


vulnerable customers – this programme of work was a finalist in the Market Research 


Society Awards last year.  


 


Our new Impact Assessment guidance commits us to putting in place new ways of 


assessing the distributional impact of policy proposals. Last year we commissioned a report 


from the Centre for Sustainable Energy, setting out twelve household ‘archetypes’, to aid 


our consideration of more than the ‘average’ consumer.  


 


Our Consumer Vulnerability Strategy  


 


The overarching objective of our Consumer Vulnerability Strategy is to identify and 


understand the causes of vulnerable situations in the energy market and to reduce the 


likelihood and impact of such situations. It provides a framework for how energy companies 


identify and respond to vulnerability.  We expect them to embed consideration of 


vulnerability into the design and delivery of their products and services.    


 


The Strategy recognises that vulnerability can be complex, multi-dimensional and 


transitory. It is not just about the individual and it can be exacerbated by the market. Our 


definition of vulnerability is when a consumer’s personal circumstances and characteristics 


combine with aspects of the market to create situation where he or she is:  


 


 significantly less able than a typical consumer to protect or represent his or interest 


in the energy market or 


 significantly more likely than a typical consumer to suffer detriment, or that 


detriment is likely to be more substantial.  


 


In itself, the strategy does not place any new rules or requirements on the energy 


companies. We have, however, put in place a work programme which allows us to learn 


more about company practices, share best practice and review and develop regulatory 


obligations as appropriate. This work programme is spans across five themes: 


 


 Take account of vulnerability across our work and be informed by research and 


insight. 


 Promote best practice amongst suppliers and distributors. 


 Develop targeted and effective regulatory obligations. 


 Prompt innovation in the provision of advice and support. 


 Use our expertise and work with others.  


 


We are currently undertaking work to identify best practice in approaches to dealing with 


consumers in vulnerable situations. We expect to hold a workshop with suppliers and 


consumer groups to discuss best practice and to report on outcomes.   Over the coming 


months we expect to set up a network of frontline organisations to inform our ongoing 


Consumer Vulnerability Strategy work.   


 


We publish our Social Obligations Report, an authoritative assessment of debt and 


disconnection, every six months. We are currently undertaking reviews of the Debt 


Assignment Protocol, which enables pre-payment meter customers in debt to switch 


supplier, and the Priority Services Register. We are also undertaking some analysis on 


affordability, looking at how spending on energy by different kinds of households has 


canged in recent decades. This will feed into a project by the new UK Regulators Network, 


which covers nine economc regulators including Ofgem. 


 


Empowering customers  


 


In our Retail Market Review reforms we recognise that significant barriers prevented 


consumers from engaging with the energy market – tariff options were complex, 
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information provided to consumers was poor and consumers have low levels of trust in 


energy suppliers. This in turn reduced competitive pressure in the market.  We have 


consulted extensively on how to improve consumer engagement in the market and our 


reforms will ensure that consumers receive simpler and clearer information to indicate that 


alternative tariffs exist, help them to understand what their options are, and that they can 


expect fairer treatment from energy suppliers.  


 


We believe these reforms will benefit all consumers and will prompt the vulnerable and 


disengaged to engage and shop around for their energy. It will also greatly reduce the 


scope for cherry-picking of more affluent and engaged consumers and make clear 


differentials between payment methods. In addition consumers will automatically be moved 


off old uncompetitive ‘dead tariffs’ and told if their supplier has a cheaper deal.  Our Market 


Cheapest Deal Project is currently considering what more we can do to help vulnerable and 


disengaged consumers get the best energy deal for them.  


 


Debt and disconnection 


 


Due to increased pressure on suppliers, from Ofgem and others, to find alternative 


solutions to disconnection the number of disconnections for debt undertaken by suppliers 


has fallen significantly in recent years. There were around 5,000 electricity and gas 


disconnections for debt in 2006. By 2012, this figure had fallen by 90 per cent to 557 


disconnections. 


 


Under their supply licence conditions, suppliers are required to take account of the needs of 


customers who are experiencing difficulty paying their energy bills. They require that 


customers be allowed to repay outstanding charges by instalment and that suppliers are 


proactive in establishing the customer’s ability to pay and to take account of this when 


setting instalment amounts and agreeing a payment method. Suppliers are also required to 


ensure that customers understand their arrangements and to monitor the suitability of 


arrangements after they have been set up. 


 


Winter moratorium and the Energy UK Safety Net 


 


When a customer is in debt, suppliers should only disconnect as a last resort. During winter 


(October to March) suppliers are prohibited from knowingly disconnecting customers of 


pensionable age (where they live alone, with other pensioners or with children) for debt. 


Suppliers must also take all reasonable steps during winter to avoid disconnecting premises 


for debt where the occupants include a person who has a disability or a chronic sickness or 


a person of pensionable age.  


 


The six largest suppliers are signatories to a voluntary code of practice known as the 


Energy UK Safety Net. Among other protections, this prevents the disconnection of 


vulnerable customers at any time of year.  If a customer is disconnected and later identified 


to be vulnerable the Safety Net commits that they will be reconnected as a priority and 


usually within 24 hours. Compliance with the Safety Net is independently audited. While 


they are not currently signatories to the Safety Net, some smaller suppliers have made 


similar commitments not to disconnect consumers they believe to be vulnerable.   


 


Prepayment meters  


 


Our research1 has found that many customers like PPMs because they help them budget 


and avoid debt. The costs of paying by PPM are now very similar to paying by cash or 


cheque on receipt of the bill, although direct debit remains cheaper. Our regulations require 


that any differences in costs between payment types reflect only the costs associated with 


the payment type.   


 


                                           
1 https://www.ofgem.gov.uk/ofgem-publications/57566/ofgem-panel-workshop-2.3-report.pdf  



https://www.ofgem.gov.uk/ofgem-publications/57566/ofgem-panel-workshop-2.3-report.pdf
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The Debt Assignment Protocol (DAP) exists to allow PPM customers with a debt of up to 


£500 to participate in the competitive market and switch to the cheapest prepayment deal 


for them. Few people successfully use the DAP, however, and we are currently considering 


how this can be improved.   


 


As the number of disconnections for debt has fallen, we have seen an increase in the 


number of prepayment meters (PPM) fitted to recover debt. In 2012 approximately 26 per 


cent more PPMs were fitted for debt than in 2006.2   


 


Priority Services  


 


Each domestic supplier has a licence obligation to maintain a Priority Services Register 


(PSR).   The PSR is a list of customers who are of pensionable age, have a disability or a 


chronic sickness and have asked to be added to the PSR.  Suppliers must provide advice 


and information, free of charge, on the free services available to PSR customers and they 


must tell all of their customers about their PSR at least once a year.  The free services that 


suppliers must provide to PSR customers on request include: 


 


 quarterly meter readings where the customer is not able to read the meter 


 a password to be used by any person acting on behalf of the supplier 


 meter relocation if the customer cannot easily access their meter 


 the provision of bills and information relating to the customer’s account in an 


accessible format for blind, partially sighted, deaf or hearing-impaired customers 


 Bill and account information redirection to a nominated person. 


 


Some suppliers also use their PSRs to help target other forms of assistance such as energy 


efficiency advice. 


 


In 2012, approximately nine per cent of GB electricity customers and seven per cent of GB 


gas customers were listed on their supplier’s PSR.  Although the number of customers on 


suppliers’ PSRs has risen in recent years, we are concerned that take-up of priority services 


remains low and that it varies significantly between suppliers.  As part of our Consumer 


Vulnerability Strategy work programme we are currently reviewing the services provided 


under the PSR and how take-up and targeting of the PSR can be improved.  We have 


already undertaken some consumer research into the PSR and have committed to 


publishing a full review by June 2014. 


 


Network companies’ social obligations  


 


Electricity Distribution Network Operators (DNOs) have a licence obligation to maintain a 


Priority Service Register (PSR). This PSR should capture information on any customers 


attached to their network that are vulnerable to supply interruptions.  


 


In the event of a supply interruption, DNOs must provide PSR customers with advice, 


guidance and support. Gas Distribution Networks (GDNs) use the PSRs maintained by gas 


suppliers. During longer gas supply interruptions, GDNs must provide PSR customers with 


alternative heating and cooking facilities.   


 


As part of our review into PSRs we are looking at whether there are opportunities to 


improve the effectiveness of the PSR by improving coordination across the energy industry. 


 


We consider networks should adopt a strategic approach to addressing consumer 


vulnerability, with emphasis on joint working with a range of stakeholders across industry, 


government and other agencies. For example, DNOs may have a role to play in identifying 


these customers and enabling access to more affordable energy solutions that reduce their 


financial burden. All networks are incentivised to engage with broad and inclusive range of 


stakeholders as part of our Stakeholder Engagement Incentive. For the next electricity 


                                           
2 Approximately 212,000 electricity PPMs and 208,000 gas PPMs were fitted for debt in 2012. 
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price control we have increased the size of the Stakeholder Incentive reward specifically to 


reward social outputs. 


 


The GDNs’ price control settlement provides funding for them to extend the gas network to 


fuel poor communities. GDNs are also incentivised through the RIIO-GD1 price control 


arrangements to adopt a strategic approach to fuel poverty that consider a wide range of 


options, to identify the most cost-effective solution for consumers. We have also prompted 


consideration of innovative ways of supporting consumers who are off the gas network in 


the current electricity distribution price control review.  


 
Yours faithfully 


 


 


 


 


Philip Cullum 


Partner, Consumer and Demand Side Insight 
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Summary testimony: [Please use the space below to summarise your 
testimony in 250 – 1000 words – continue over page if 
necessary ] 


There is no one size fits all with the solution being complex, requiring a multitudinal 
approach.  Increasing the successful outcomes is largely linked to the effective co-
ordination and partnership working of the partners and stakeholders.  This was 
achieved through; 


• a central single point of contact – HertsHelp 


• a single CCG plan delivered through four distinct localities 


• strong joint working with LA and districts 


The problem is a complex whole system issue 


• Prevention (vulnerability to cold of older people, stroke, cardiovascular, 
COPD) 


• Issues around admission to hospital (and readmission if discharged into cold 
homes) 


• Fuel Poverty and nutritional poverty 


• Cultural issues (i.e. healthy to have window open) 


• Complex range of support – hard to access 


• Private home ownership growing 







• New responsibilities for wellbeing of LA 


There are approximately 456,000 households in Hertfordshire with around 9% 
(42,400) considered to be fuel poor; under the new definition. (The old definition 
is 12% with 53,000 households).  The estimated cost to the NHS of NOT 
improving cold dwellings in the east of England is £15m. 


 


The project performed well and although, in considering the figures above, only 
hit a small percentage of the target.  However there was also a multiplier effect in 
benefit to each recipient through onward referrals (examples below): 


• 939 Groundwork visits with 4,937 interventions as a result, including: 


• 9,249 extra clients received energy saving and benefits and debt advice from 
CABx, helping them access about £465k of extra income 


• Over £1.5 million cost saving to residents helped following Groundwork visits 
(and not including other beneficiaries of CABx advice funded) 


• Over 2.8 million KG CO2 within the lifetime of the measures installed 
providing savings to society too 


• Frontline staff awareness training + engagement of GPs and other 
professionals over the impact of cold and about this project 


• 44 loft and 24 cavity wall insulation referrals. 


• 129 Emergency heaters were fitted to those without heating  


• 524 draught proofing measures and 568 radiator reflector panels  


• 484 WC water savers and 275 water shower savers fitted – helping to reduce 
utility bills as well as saving water 


• 310 Warm Home rebates were claimed 


• 389 community foundation grants claimed 


• 23 Npower or British Gas grants 


• 11 Warmfront scheme referrals 


• 107 Referred for British Legion Grant  


• 37 Referred for Herts Community Meals  


• 276 Fire Prevention advice (smoke detectors also fitted)  


• 34 Support to Quit Smoking  


• 223 Crime Protection &/or Home Security  


• 157 Falls Prevention Advice  


• 171 CAB Benefit/Debt Advice  


• 123 Carers Support  


• 54 Groundwork Greenaiders help  


 


There is a noticeable difference in referral rates reflected in the weather – i.e. when it 
snows there is an increase (even though we know ‘it’s not about the snow’, that 
negative health effects occur at relatively moderate temperatures.  From previous 
years experience and DoH advice we simplified the message; 


• “We recommend that all vulnerable people heat their living room to 21ºC 
during the day and their bedroom to 18ºC at night.” Anyone that needs 
help or assistance to heat their home is advised to call HertsHelp. 


We have also found other key learning that: 


• Media focus on fuel price rises doesn’t help 


• Public perception that it is extreme cold that kills 







• Signposting by busy primary care to local community groups needs further 
development 


• A targeted approach – i.e. ‘the use of the Mosaic Software’ was found to be 
an effective means of targeting promotion of the scheme to the groups most 
likely to benefit from it  


• The promotional leaflets and temperature cards were popular and seen as 
cost effective way of publicising the scheme and getting the message across  


• The central ‘Hotline’ through HertsHelp was very useful and worked 
effectively  


• It appears that bringing in partner organisations to help disseminate 
information in a range of ways is useful 


• Involving as many council departments as possible in the distribution of 
information/flyers, etc. was seen as useful, particularly the Housing Benefit 
and Council Tax Benefit section(s). 


• People in fuel poverty have complex lives – saving money in other ways can 
help, not just heating bills 


• Single point of access crucial – but works best if linked to other schemes too 
(HertsHelp, Herts Welfare Support Scheme) since people come for other 
reasons – and can get help 


• Value of an informed and structured triage process – offer too complex 
otherwise for professionals, let alone public 


• Predictability of funding helps hard pressed partners work together 
sustainably 


• Integration behind the scenes is critical if people are going to be able to get 
what they need in a tailored way 


• Need to do more on needs and outcomes (NEA survey work in Herts being 
designed) 


• Need to show impact on admissions to hospital going forward 


• Better feedback on progress throughout the project would help – with better 
sharing of strategies that work between districts 


• Clients did not always remember/keep to appointments which created some 
waste – reminder calls? 


• Last year (unlike previous year) there wasn’t a multi-agency debrief – this is 
always helpful 


• Develop a seasonal health strategy? (Same partners need to engage in Heat 
Wave and floods) 


 


References (if applicable): 


• www.hertsdirect.org/hertshelp 


 


 



http://www.hertsdirect.org/hertshelp






Fuel Poverty and health: brief summary of presentation for NICE 
 
As both the 2001 strategy and our work since have noted, fuel poverty is a particular 
concern because of the health impacts of living in cold homes particularly for some more 
vulnerable groups.  We therefore welcome NICE’s work in this area. 
 
Fuel poverty definition 
 
Last year the Government announced a change to the official definition of fuel poverty, 
following the Hills Review of fuel poverty. In his review, Professor John Hills concluded that 
the old definition of fuel poverty1 that had been used to date was misleading. Instead he 
proposed a definition which finds a household to be fuel poor if they are below the official 
poverty line and have higher than typical energy costs. 
 
As was the case with the old definition, the new one is based on modelled energy 
requirements for each household, rather than actual spending.  This is important in order to 
be able to pick up those households who remain cold, rather than use their heating.  
 
The new definition gives us a much clearer picture of the factors driving a household to be 
fuel poor.  As such it can help in identifying these households in order to deliver support. 
However neither this, nor the previous definition, reflect a person’s specific vulnerability to 
the impacts of living in a cold home, which are more a function of their age and underlying 
health conditions. 
 
It is worth noting that in 2011 35% of those in fuel poverty have a long term illness or 
disability.  Also in 2011, 30% of fuel poor households had a person over 60 living in them.  
 
For these reasons, we continue to consider vulnerability separately from the definition. 
Nonetheless it remains a real priority to be able to identify the most vulnerable. In that 
context there is a particular role for health professionals including GPs in helping to identify 
and signpost patients to appropriate support. A logical extension of this would be health 
based referrals for Government schemes. There are a number of local level pilots and 
programmes taking this approach and it is one we would like to explore more in the future. 
In the meantime we continue to work closely with the Department of Health in order to 
identify opportunities for raising awareness, and improving the evidence base on the ill 
effects of living in cold homes.  
 
On targeting policies more generally, different policies take different approaches. Targeting 
fuel poor households is complex because knowing whether a household is fuel poor requires 
us to know detailed information about both household energy costs and income. This holds 
true under the old definition and the new one. Typically targeting has been through either 
benefit proxies or area based criteria.  The development of systems to match and share data 
between different parties has played a major role in delivery of policy to support fuel poor 
for many and reducing costs of delivering support to vulnerable households.  
 


                                                           
1
 A fuel poor household is one whose modelled energy requirements are more than 10% of income. 







We will be using the opportunity of the fuel poverty strategy, due to be published for 
consultation shortly, to consider how we can better target our policies, and in particular the 
role of data sharing in doing so.  
 
Warm Front 
The Warm Front programme ran from 2002 to 2013, with changes made in 2011 that saw 
energy efficiency standards introduced for the first time. The Scheme offered a package of 
heating and insulation measures to people who rented or owned their own homes and were 
on certain income related benefits. Since 2000 the scheme has helped around 2.3 million 
households across England vulnerable to fuel poverty. 
 
An evaluation of the Warm Front scheme is due to be published shortly.  
 
Warm Home Discount 
The Warm Home Discount commenced in 2012 and provides direct support with energy 
bills. It currently provides help to around 2 million low income and vulnerable households 
annually. In 2012/13 this included around 1.5 million rebates of £130 paid to low income 
households including 1.16 million low-income pensioners. Many of these households 
receive their WHD automatically through the sharing of data between energy companies 
and DWP.  
 
ECO (Affordable Warmth) 
 
The ECO was introduced in January 2013 to reduce the UK’s energy consumption and 
support people living in fuel poverty. 
 
The affordable warmth element of ECO – worth about £350m in 2011 prices – provides 
heating and insulation measures to consumers living in private tenure properties that 
receive particular means-tested benefits. This obligation supports low-income consumers 
that are vulnerable to the impact of living in cold homes, including the elderly, disabled and 
families. 
 
The ECO funds efficient boilers and insulation measures.  Initial estimates were that the 
policy would reach some 230,000 low income and vulnerable households each year to 2017. 
In its first year, ECO delivered over 335,000 measures to 290,000 low income and vulnerable 
households – 50,000 more households than originally estimated.  
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NEA is the leading UK Fuel Poverty charity. NEA’s mission is to eradicate fuel 
poverty and we work with all key stakeholders to further this aim. 


 


There are a range of programmes and initiatives being delivered by energy 
companies to assist vulnerable households. Most of these are paid for by energy 
consumers either directly through levies on bills as is the case with the Energy 
Company Obligation (ECO) and Warm Homes Discount (WHD) or indirectly as will 
be the case with the Smart Meter roll-out. It is therefore imperative that programmes 
can deliver benefit to vulnerable households as they are paying towards the delivery. 


 


However, NEA believes that some of these programmes are not reaching the most 
vulnerable households for many reasons including: 


 


• Funding available is not sufficient to tackle the problem of fuel poverty, for 
example the ECO programme provides funding of  £540 million in 13/14 for 
low-income households compared to public funding of £771 million that was 
available in 10/11 


• Programmes are funded by a levy on all consumer bills so all vulnerable 
consumers pay whether they access help or not. Only 34% of English fuel 
poor households are eligible for ECO Affordable Warmth 


• There is no uniform offering for ECO and WHD – this varies between 
suppliers  


• Ability to access funds depends on where you live, rural communities are 
particularly disadvantaged 


• You are more likely to be in fuel poverty if you live in Northern Ireland, Wales 
or Scotland but you are more likely to receive support for energy efficiency 
measures in those countries than in England 


• Investment on energy efficiency from the public purse varies  - £3.52 per 
electricity consumer in England/£36.48 in Scotland/£31.31 in Wales and 
£27.55 in NI 


 


NEA has undertaken various research programmes exploring the nature of barriers 
to take up of energy efficiency and fuel poverty assistance among vulnerable groups. 







These are detailed in the reports referenced below and include: 


 Lack of knowledge of the assistance available – in one study 69% of 
respondents had not heard of the ECO scheme and only 31% had heard of 
the Priority Services Register  


 Information is not provided in an accessible format – literacy, numeracy, 
visual impairment barriers 


 The requirement to pay a client contribution precludes vulnerable clients from 
accessing help 


 Eligibility criteria are too complex and often differ across different suppliers 
and there is no uniform service offering 


 Concerns about the quality of workmanship by contractors 


 Tenants express concerns regarding potential rent increases if they agree to 
improvements and other fear retaliatory eviction if the landlord doesn’t 
consent. 


 


On a positive note there are many examples of programmes and initiatives supported 
by energy suppliers that do work for vulnerable households, some examples of 
NEA’s work with energy suppliers and Government include: 


 


 Training and mentoring Community Energy Champions as local trusted 
intermediaries to cascade energy advice and to signpost available service 
provision  


 Provision of Fuel Debt advice 


 Provision of bespoke resources to signpost available services for example a 
‘Fuel Poverty Action Guide’ and Heat is On DVD in 13 community languages 


 Providing a programme of development support for selected Health and Well 
Being Boards to take forward action on fuel poverty 


 Coalition working for example supporting the Age Action Alliance through 
local awareness events and resource development for member organisations. 


 


Further information on these and other programmes is available on NEA’s website: 
www.nea.org.uk 


 


NEA is working proactively with Government, suppliers, the regulator, all political 
parties and all key stakeholders to ensure we can shape the forthcoming fuel poverty 
strategy. The following recommendations are some of the many noted in the NEA & 
Energy Action Scotland’s UK Fuel Poverty Monitor launched on 27 March in 
partnership with Consumer Futures: 


 


• A more ambitious energy efficiency programme, well-resourced with 
Government funding reinstated in England to fully fund measures for low-
income householders - Energy Bill Revolution campaign  


• A minimum energy efficiency standard of ‘B’ by 2030 and ‘D’ by 2020 
incorporated into the new fuel poverty strategy 


• Guaranteed assistance to specific householders – i.e. mandated referrals, for 
example based on health need as exemplified by npower Health through 
Warmth’s approach 


• Greater co-ordination across Government departments and devolved 



http://www.nea.org.uk/





administrations on all consumer issues. 


 


In conclusion, overcoming the barriers to providing affordable warmth for low-income 
households is challenging. With political will, adequate resources, effective co-
ordination across nations and Government departments and co-ordinated action at a 
community level it represents a huge opportunity to:  


 


• Address fuel poverty 


• Tackle health inequalities 


• Reduce poverty 


• Deliver on carbon reduction targets 


• Deliver the aspirations of the Community Energy Strategy and building more 
resilient communities 


• Contribute towards economic growth 


• Reduce financial exclusion; and 


• Reduce poor educational outcomes. 


 


 


 


References (if applicable): 


 


Warm Homes for Older People 


www.nea.org.uk/policy-and-research/current-reserarch-projects/age-action-
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Green Deal and ECO: The design and delivery of energy efficiency and fuel 
poverty services to vulnerable citizens 


www.nea.org.uk/policy-and-research/current-reserarch-projects/green-deal-
advice 


Smart for All 


http://www.nea.org.uk/policy-and-research/publications/2014/smart-for-all 


UK Fuel Poverty Monitor 


http://www.nea.org.uk/policy-and-research/publications/2014 


Fuel Poverty Action Guide which lists the assistance available 


http://www.nea.org.uk/Resources/NEA/Publications/2013/Fuel%20Poverty%20A
ction%20Guide%202014%2011th%20Edition%20(March%202014)%20LoQ.pdf 


NEA & DECC Beyond 2012 Data Sharing – the Local Authority role in 
addressing fuel poverty and energy efficiency 


http://www.nea.org.uk/policy-and-research/recent-research/beyond-2012 
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Executive summary 


Aims and objectives 


The aim of the project was to model the cost-effectiveness of interventions to reduce the health risks 


associated  with cold  homes. The specific objectives were: 


 To develop a model of cold -related  health impacts based  primarily on life table methods. 


 To develop a model of the cost-effectiveness of home energy efficiency interventions and  fuel 


subsid ies, concentrating on the effects of low temperature but includ ing adverse effects on 


indoor air quality. 


 To assess costs and  health and  non-health benefits relevant to the interventions. 


Methods 


A build ing physics model was developed  to quantify changes in indoor environmental conditions 


(winter indoor temperature, mould  and  air quality) associated  with energy efficiency interventions 


(improvements to the bu ild ing fabric and / or altered  ventilation control) and  to explore the potential 


impact of add itional home heating consequent to fuel subsid y. Health impacts associated  with the 


estimated  changes in exposure to occupants were characterised  by use of d isease -specific life table 


methods in combination with d irect estimates of change in d isease prevalence. Costs were assessed  in 


terms of capital investment (largely based  on soon to be published  data from DECC), changes in 


energy demand, and  costs associated  with modelled  changes in contacts w ith the NHS. Incremental 


cost-effectiveness ratios (ICERs) were computed  using a range of inpu t costs and  bene fits to reflect 


d ifferent accounting perspectives. 


Key assumptions 


There are multiple assumptions in the economic model. Key assumptions include: 


 Changes in ind oor temperature are pred ictable from an empirical relationship between 


standard ized  internal temperature (SIT) and  the energy efficiency characteristics of the 


dwelling as reflected  by the modelled  whole dwelling E-value (W/ K). 


 For the main intervention scenarios, energy efficiency measures have no impact on ventilation 


characteristics of the dwelling. 


 Health impacts are represented  by changes in life expectancy and  d isease prevalence of a self -


replenishing population assumed to experience underlying rates of morbid ity and  mortality 


constant at 2010 levels over the 42 years of follow up.  


 The targeted  populations d o not move home at any point following intervention.  


 Target groups in relation to dwelling characteristics are adequately represented  by sub -


samples of the English Housing Survey (EHS) identified  from self-reported  symptoms, scaled  


to match national d isease p revalence. 


 The health effects of changes in ind oor temperature can be adequately quantified  using a 


synthesis of evidence from a sparse number of intervention and / or observational stud ies, and  
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the impacts of changes in indoor air quality from published  epidemiological evidence of 


varying robustness. 


Population 


All analyses were based  on sub-samples of the population of England  identified  on the basis of the 


following characteristics:  


 Households containing at least one adult member with chr onic obstructive pulmonary d isease 


(COPD) 


 Households containing at least one ad ult member with heart d isease  


 Households containing at least one ad ult member with common mental d isorder  


 Households containing at least one ad ult member age 65 years or more  


 Households in the bottom quintile of income d istribution  


Interventions 


(1) All energy efficiency interventions (includ ing loft insu lation, d ouble glazing, solid  and  cavity 


wall insulation, boiler replacement, and  installation of gas central heating) where such 


measures were absent or sub-optimal 


(2) Fuel subsidy at an initial value of £200 per household  per year (index-linked  to fuel price 


projections) 


Comparators 


The comparator for the economic modelling assumed that no interventions occur within the dwellings 


and , therefore, the underlying environmental cond itions and  exposures experienced  by the household  


members remain unchanged . 


Outcomes 


 For cold ; d isease-specific mortality and  morbid ity for card iovascular d isease (includ ing stroke 


and  myocard ial infarction), and  morbid ity for common mental d isorder, COPD and  


childhood  asthma; 


 For ventilation changes; as for cold  with the following add itions: card iopulmonary and  lung 


cancer impact related  to changes in exposure to fine particu late matter (PM 2.5) of both indoor 


and  outd oor origin, stroke and  myocard ial infarction related  to changes in second -hand  


tobacco smoke, and  radon-related  lung cancer; 


 NHS contacts and  associated  costs; 


 Household  energy use and  costs; 


 Incremental cost-effectiveness ratios (ICER). 


Uncertainties and sensitivity analysis 


There are uncertainties associated  with the multiple assumptions underpinning the economic model 
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which have been addressed  through the following methods: 


 Monte Carlo simulation (for parameter uncertainties for home energy efficiency interventions 


only) using assumed d istributions for: thermal loss improvements associated  with the 


interventions, exposure-response functions for all exposure-outcome combinations, utility 


weights for each health ou tcome, and  all associated  costs; 


 Specifying structural changes to the model to quantify uncertainties relating to: inclusion of 


ventilation-related  health effects for energy efficiency intervention, the duration of common 


mental d isorder (CMD) impacts, and  the loss of life expectancy for cold -related  deaths; 


 Using alternative specifications for: includ ing solid  wall insulation, targeting interventions at 


dwellings with low energy efficiency, the level of fuel subsidy, and  d iscount rate.  


Results 


The effect of home energy efficiency investments is fairly modest in terms of temperature increases. 


Those relating to fuel subsidy at an initial value of £200 per household  per year are on average smaller 


still. 


Most home energy efficiency interventions have ICERs exceed ing £100k/ QALY if the benefits are 


counted  in health terms alone. The one exception is the targeting of home energy efficiency containing 


one or more members with COPD, whose uncertain results suggest much smaller ICERs. However, 


home energy efficiency interventions are energy saving and  the associated  energy cost savings in part 


offset the capital investment. In calculations that include energy as well as intervention costs, the 


overall cost per QALY appears relatively favourable for interventions aimed  at household s containing 


someone with COPD, heart d isease or age 65 years or more. The ratios do not appear to be as 


beneficial for households targeted  on the basis of common mental d isorder or low income alone.  


Fuel subsidy is less cost-effective than home energy efficiency, but may be a more suitable option over 


shorter time frames to avoid  the large capital investment costs for ind ividuals with comparatively 


short life expectancy or if they expect to move home in a comparatively short period .  


Cost-effectiveness ratios are slightly more favourable over a 5 year than a 42 year time horizon where 


people with specific d iseases are targeted , probably in part because the number of d isease -specific 


beneficiaries declines over time through death or recovery. Ratios are also improved  by targeting 


homes in the existing stock with low energy efficiency . 


Caution is required  not to adversely affect indoor air quality by reducing ventilation rates during 


energy efficiency upgrades. However, the overall balance between positive and  negative health 


impacts depends on the specific circumstances (e.g. local outdoor air quality, smoking vs. non -


smoking household s, high vs. low radon areas). 


Limitations 


The quantification of risks and  benefits associated  with home energy efficiency and  fuel subsidy 


interventions is based  on a model that entails a complex chain of assumed causal linkages. For some 


of those links the evidence base is limited  and  estimates of outcomes correspond ingly uncertain. The 


results should  therefore be interpreted  as ind icative only, but ap pear to be sufficient to allow 


judgement about the relative merits of broad  intervention strategies.  
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Implications and interpretation of results 


Home energy efficiency interventions appear broad ly net beneficial for health if steps are taken to 


guard  against potential ad verse consequences of reduced  ventilation. However, with few exceptions, 


such interventions cannot clearly be justified  by health benefits alone, bu t such benefits add  an 


add itional rationale for home energy efficiency interventions which may already be justified  by their 


energy and  consequent carbon d ioxide (CO2) savings. Expected  health benefits could  therefore be 


used  as a basis for targeting investments at vulnerable populations as a refinement to broader policy 


measures aimed  at improving the energy efficiency of the housing stock in general. Fuel subsid ies 


appear less desirable than energy efficiency interventions, though they m ay be an appropriate op tion 


over shorter time frames to avoid  the large capital investment costs and  d isruption for ind ividuals 


with comparatively short life expectancy. Given the likely health benefits, the modelling suggests that 


some contribution to the total cost of improving the energy efficiency of the housing stock by the 


health sector/ society may be justified . 
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1 Introduction 


This is the final part of the 2013/ 14 series of reviews and  reports for NICE on excess winter death and  


morbid ity. It is the fifth d ocument in a series of reports and  follows Introduction to the topic, Factors 


determining vulnerability to winter- and cold-related mortality/morbidity (review 1), Interventions and 


economic studies (review 2) and  Delivery and implementation of approaches for the prevention of excess winter 


deaths and morbidity (review 3). It describes modelling work undertaken to examine the cost-


effectiveness of interventions to reduce cold -related  mortality and  morbid ity. These interventions 


have been determined  following the advice of the Excess Winter Death (EWD) Public Health Advisory 


Committee (PHAC).  


The cost-effectiveness of two contrasting interventions has been modelled : (i) the effect of energy 


efficiency (infrastructure) investment in the English housing stock and , (ii) the effect of a fuel subsid y. 


In each case, the intervention has been targeted  at population subgroups identified  as being 


particu larly vulnerable to the effects of cold . 


1.1 Aims and objectives 


The aim of the project was to model the cost-effectiveness of interventions and  approaches to prevent 


excess winter deaths, morbid ity, and  the health risks associated  with cold  weather and  cold  homes 


(includ ing unintentional adverse consequences and  outcomes). The specific interventions chosen for 


modelling were home energy efficiency upgrades and  fuel subsid y. 


The specific objectives were: 


 To develop a model of cold -related  health impacts based  primarily on life table methods. 


 To develop a model of the cost-effectiveness of home energy efficiency interventions and  fuel 


subsid ies, includ ing adverse effects on indoor air quality. 


 To assess costs and  health and  non-health benefits relevant to the interventions. 


1.2 Research question 


The specific research questions relating to the review of interventions (review 2) and  development of 


the economic model (this report) were as follows: 


 How effective are interventions and  approaches to reduce excess winter deaths and  morbid ity 


and  the negative health consequences of cold  weather and  cold  homes? 


 What is the comparative effectiveness of these interventions? 


 How does effectiveness vary with socio-economic, demographic, health, geographic and  


housing characteristics?  


 What are the impacts of these interventions on health inequalities? 


 What impact d o these interventions have on the wider determinants of health?  


 What adverse effects are associated  with changes to energy efficiency or costs of heating (for 
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example, reduced  ventilation associated  with increased  levels of rad on, overheating of 


homes)? 


1.3 Model purpose 


The third  report in this series on excess winter death and  morbid ity (Interventions and economic studies) 


reviewed  the literature on  the effectiveness and  cost-effectiveness of interventions to prevent cold -


related  mortality and  morbid ity. The review found  that, although home energy efficiency 


interventions form a substantial proportion of this evidence, there is nevertheless a relatively limited  


body of evidence on the effectiveness of such interventions. However, the evidence suggests that 


energy efficiency interventions may improve the health of some population groups, notably those 


with respiratory (asthma, chronic obstructive pulmonary d isease) and  other chronic d iseases, 


especially in the elderly and  young child ren. Positive effects on health may include improvements in 


respiratory symptoms and  the symptoms of other chronic illnesses, improved  mental well -being, and  


reduced  contacts with the health service. Evidence on the cost-effectiveness of interventions to reduce 


winter-and  cold -related  mortality and  morbid ity is comparatively small and  very heterogeneous. It is 


d ifficult therefore to d raw general conclusions about the balance of costs and  benefits which are likely 


to depend  on target groups, local context and  the form of intervention. The available stud ies support 


the view that there are health benefits to be obtained  from improvements in household  energy 


efficiency, but if viewed  solely as a means of improving health , these investments wou ld  (usually) not 


be justified . Once a wider range of benefits are included  they appear to be worthwhile investments.  


Given the lack of existing evidence on the cost-effectiveness of interventions to reduce excess winter 


ill-health, add itional modelling work was considered  to be necessary. The model which has been 


developed , uses d ata from the 2010 English Housing Survey (EHS) to identify households which 


contain specific types of ind ividuals based  on their health status, age and  level of income, and  targets 


interventions at those households. In the case of energy efficiency measures, the model estimates 


changes to the fabric and  ventilation characteristics of dwellings in receipt of interventions (includ ing 


loft and  wall insulation, glazing replacement, and  heating system improvements) and  associated  


changes in energy demand and  related  environmental exposures, primarily to cold  and  mould . For 


fuel subsid ies, we are aware of no previous work which has attempted  to quantify the pred icted  


health benefits. Our novel model estimates the proportion of the subsid y that could  be used  to 


increase internal temperatures and  the correspond ing change in temperature . The resulting changes in 


mortality risk are used  to estimate the health impacts associated  with the environmental changes. The 


model then estimates the costs associated  with (a) the intervention, (b) changes in energy demand 


resulting from the intervention, and  (c) changes in NHS health care contacts expected  from the 


modelled  health impacts. 


The fourth report in this series (Delivery and implementation of approaches for the prevention of excess 


winter deaths and morbidity) highlighted  a very limited  body of evidence on methods to increase the 


uptake of interventions to prevent excess winter mortality and  morbid ity. As such, the model does not 


include the effects of local or national policies on the uptake of either intervention . 


The modelling has also not addressed  potential carbon d ioxide equivalent (CO2e) emission savings 


resulting from the modelled  changes in energy demand. While a reasonable effort has been made to 


estimate energy savings, it is very unclear what the CO2e emission factors of the supplied  energy will 


be in the future. Approximately 80% of residential space heating energy is derived  from the national 


gas grid , with a further 9% from oil, 5% electricity and  the remainder a mixture of solid  fuels and  
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liqu id  gases. Although the UK Government has set out several possible investment scenarios for a 


future energy grid , these are still very uncertain and  it is unclear the degree that overall grid  emission 


factors will change. Therefore, in the modelling, no long-term CO2 savings estimates are made. 
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2 Methods 


This analysis follows guid ance set out by NICE for evaluating public healt h interventions (NICE, 


2013a, 2012a). 


2.1 Analytical perspectives 


Modelling the cost-effectiveness of interventions to reduce cold -related  mortality and  morbid ity is 


complex and  dependent on the chosen analytical perspective. There are a number of d ifferent ways in 


which the interventions considered  here might conceivably be funded , includ ing partial funding by 


various bod ies. It is also possible that benefits cou ld  be experienced  in d ifferent ways. Table 1 and  


Table 2 provide overviews for each intervention of how the costs are experienced  under d ifferent 


perspectives. The shaded  rows represent costs modelled  in this report. 


 


Table 1 - Costs experienced under different perspectives for home energy efficiency intervention  


Home energy efficiency 


 


Perspective 


NHS Local 
authority 


Government 
(including 
NHS and 


LA) 


Householder Combined 
(Government 


+ 
householder) 


Taxation (for intervention)   (-)  - 


Taxation (for 
transfer/administration) 


  (-)  - 


Government expenditure 
(transfer) 


 (+) +  + 


Government 
expenditure 
(intervention) 


 (+) +  


+ 


Household  expenditure 
(intervention) 


   (+) 


Health care costs -  -  - 


Social care costs -/+ -/+ -/+  -/+ 


Carer costs    - - 


Work absence costs   -  - 


School absence costs    (-) - 


Household  expenditure 
(fuel) 


   - - 


CO2 equivalent cost   (-)  - 


Legend: + cost incurred , - cost saving, -/ + potential for cost incurred  or cost saving, () possible cost 


 


Table 2 - Costs experienced under different perspectives for fuel subsidy intervention  


Fuel subsidy 


 


Perspective 


NHS Local 
authority 


Government 
(including 
NHS and 


Householder Combined 
(Government 


+ 
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LA) householder) 


Taxation (for intervention)   (-)  - 


Taxation (for 
transfer/administration) 


  (-)  - 


Government expenditure 
(transfer) 


  +  + 


Government expenditure 
(intervention) 


  +  + 


Household  expenditure 
(intervention) 


     


Health care costs -  -  - 


Social care costs -/+ -/+ -/+  -/+ 


Carer costs    - - 


Work absence costs   -  - 


School absence costs    (-) - 


Household  expenditure 
(fuel) 


   - - 


CO2 equivalent cost   (-)  - 


Legend: + cost incurred , - cost saving, -/ + potential for cost incurred  or cost saving, () possible cost 


 


In general, the d istributions of costs for the two interventions are similar. However, there are 


important d ifferences relating to the cost of funding the interventions. Home energy efficiency 


measures may be funded  (or at least part-funded) from a number of sources, includ ing Government, 


local authorities, ind ividual householders, and  energy suppliers. Fuel subsid ies, on the other hand , 


would  be likely to be fund ed  through Government alone. Here, for consistency, we have modelling 


Government-funded  interventions in both cases, but assuming that this cou ld  also include funding 


from local au thorities. It should  be noted  that, unlike home energy efficiency, fuel subsid ies simply 


represent financial losses to the intervention fund er and  gains to the householder (though there would  


be some resources used  in  making such a transfer). 


Where costs have not been modelled  here, the primary reason has been a lack of d irect evidence of an 


effect due to changes in indoor winter temperatures. This is true for social care and  carer costs  (which 


may be shared  by the NHS, local authorities, and  householders), and  costs related  to absence from 


work or school. Our estimates of changes to health service costs do not account for effects due to 


increases in life expectancy (see section 2.7.3). It is unclear exactly how the interventions would  impact 


on social care costs, though there is potential for increased  costs if people  live longer following the 


interventions. 


CO2 emissions have not been modelled  because they are not currently regulated  for households. The 


UK’s CRC Energy Efficiency Scheme (CRC, formerly the Carbon Reduction Commitment) app lies to 


large public and  private organisations and  their energy use. Whilst there may be wider societal cost 


benefits of CO2 emission reductions for households, these are presently only captured  through Energy 


Supplier Obligations (ESO), which are not includ ed  in our perspectives. Further, there is still 


uncertainty over the exact price of carbon to be set under future schemes and  over the rules for 


capturing third  party emission reductions. 


A comprehensive analysis, includ ing all relevant costs and  benefits at a societal level, would  require 
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macroeconomic modelling which is ou tside the scope of this work. Following ad vice from NICE and  


the PHAC, we have modelled  cost-effectiveness und er four perspectives: (1) NHS, (2) Government 


(includ ing NHS and  local authorities), (3) Householder, and  (4) Combined  (Government + 


householder). Though not included  here, there would  also be potential costs experienced  by the 


private sector, in particu lar to energy supply compan ies. The private sector may also benefit from 


reductions in work and  school absence. Further, we have only modelled  d irect health impacts relating 


to changes in environmental exposures for ind ividuals in households which receive the interventions. 


Additional potential health impacts, such as reduced  quality -of-life experienced  by carers, have not 


been included . As such, the estimated  change in QALYs is the same for each perspective.  


The four modelled  perspectives are as follows: 


2.1.1 NHS perspective 


The NHS fund s no part of the interventions and  does not benefit from any resulting energy cost 


savings. It does, however, benefit from all costs associated  with reduced  use of health care services. 


2.1.2 Government (including NHS and local authorities) perspective 


Here, Government is assumed to pay for the interventions but not to benefit  from any energy cost 


savings. Includ ing local au thorities in this perspective enables the possibility of funding (or at least 


partial fund ing) from local governments. Again, the NHS benefits from reduced  health  care use. 


2.1.3 Householder perspective 


The focus of this report is not on whether the interventions are cost-effective for ind ividual 


householders. However, we have included  a householder perspective to demonstrate the large 


potential benefits that can accrue to householders due to energy cost savings. In this perspective, 


householders receive the interventions (assumed  to be provided  by e.g. Government) and  benefit 


from all the related  energy cost savings. 


2.1.4 Combined (government + householder) perspective 


Under this perspective, all intervention costs and  energy and  NHS cost savings are included  in the 


analysis. The rationale for considering Government and  householders together is that they may both 


(potentially) fund  interventions and  both experience d irect costs and  benefits as a result. This 


perspective acts as an approximation to a societal perspective. 


2.2 Conceptual modelling framework 


Over the coming years, the English housing stock is expected  to undergo a transformation in terms of 


energy efficiency, initiated  by programmes such as Warm Home Discount, Green Deal and  ECO, 


Energy Performance Certificates (EPCs)1. The mix of impacts on both costs to government and  benefits 


to human health need  to be reflected  in ongoing impact and  sustainability assessments.  


The economic modelling approach combines a series of coupled  and  linked  models, defined  und er a 


number of themed modules. The overall model uses a complex combination of procedures to estimate 


                                                           
1 Warm Home Discount: https:/ / www.gov.uk/ the-warm-home-discount-scheme/ overview  
Green Deal and ECO: https:/ / www.gov.uk/ green-deal-energy-saving-measures 
Energy Performance Certificates: https:/ / www.gov.uk/ buy-sell-your-home/ energy-performance-certificates 



https://www.gov.uk/the-warm-home-discount-scheme/overview

https://www.gov.uk/green-deal-energy-saving-measures

https://www.gov.uk/buy-sell-your-home/energy-performance-certificates
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the health impact through exposure changes related  to the introduction of energy efficiency measures  


and  a fuel subsidy. Many of the interventions are aimed  at reducing heat loss and  air leakage through 


the dwelling fabric and  also improving the heating system. Fabric heat loss and  heating system 


performance are both determinants of the exposure to cold  (Oreszczyn et al., 2006a), while air 


tightness will have an effect on ventilation heat loss, and  the add itional exposure to indoor and  


outdoor air pollutants (Bone et al., 2010).  


Over the past 25 years, over 16 million households have received  an energy efficiency intervention 


that aimed  to reduce energy demand through on going government programmes (Hamilton et al., 


2014, 2013). Over a similar period  (since winter 1997/ 98) Winter Fuel Payments (WFP) have been 


made to all households where one member is older  than the female state pension age2. The Cold  


Weather Payments (CWP) has been made since 1988 to household s on certain benefits to help alleviate 


demand for more energy d uring cold  period s3. 


The research used  to derive these procedures is based  on recent and  ongoing work and  is evolving as 


methods become more sophisticated  and  refined  as more data becomes available. Therefore, whilst 


every effort has been made to ensure the model inpu ts and  assumptions are robust, the results of the 


model should  be interpreted  with a degree of caution  (see 3.6 Limitations). 


2.3 Population 


The analyses have been performed for d ifferent household  types in England . These households have 


been selected  based  on the health status of their occupants (i.e. COPD, mental health, and  heart 


d isease) and  household  characteristics (i.e. income level and  age). The selection method  uses the 


English Housing Survey as its base population and  variables associated  with the EHS household  


interview. The EHS Household  Dataset comprises the full interview data (plus associated  derived  


variables) for all cases where an interview has been completed  – 13,300 households per annum 


(approximately 17,000 per annum before the EHS cost review). Household  interviews were conducted  


using face-to-face computer assisted  survey techniques. The interviews used  computer-assisted  


personal interviewing (CAPI), which provides au tomatic routing and  range checks. For more details 


see the ‘English Housing Survey Technical Advice Note: Survey Overview and  Methodology 2011-12 


Update’4. 


Since the EHS is unlikely to represent accurately the actual prevalence of COPD, common mental 


d isorders (CMD), or heart d isease in the English population, all output resu lts were scaled  to increase 


or decrease the prevalence implied  by the EHS to match published  estimates. These ad justments were 


as follows: 


 COPD 


Ind ividuals in the EHS were assumed  to have COPD if they had  a long -stand ing history of 


breathing problems and  were aged  45 or over (since COPD is much less prevalent at younger 


ages). This gave an estimated  prevalence of 6.85%. The model results were ad justed  


downwards to match the published  estimate of 5.90% for those aged  45 or above in England  


(APHO, 2011). 


                                                           
2 Weather Fuel Payment: https:/ / www.gov.uk/ winter-fuel-payment/ overview   
3 Cold  Weather Payment: https:/ / www.gov.uk/ cold -weather-payment/ overview   
4 https:/ / www.gov.uk/ government/ uploads/ system/ uploads/ attachment_data/ file/ 211301/ Survey_Overview_and  
_Methodology.pdf. 
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 CMD 


For CMD, ind ividuals were identified  through the ‘Mental Health’ variable in the EHS data, 


giving a prevalence of 2.20% in adu lts. In the health impact model (see section 2.6.3), mental 


health problems are represented  by a score of 4 or above on the  12-item General Health 


Questionnaire (GHQ-12). Accord ing to the 2012 Health Survey for England  (HSCIC, 2013) this 


represents approximately 15% of the population. However, we reduced  this prevalence  by 


25% (i.e. to 11.25%) to account for false positives in GHQ-12. The resu lts were therefore scaled  


upwards scaled  accord ingly. 


 Heart disease 


Ind ividuals were assumed to have heart d isease if they had  long-stand ing heart d isease in the 


EHS data and  were aged  45 or above. This gave an implied  prevalence of 8.41%. Results were 


ad justed  upwards to match the published  estimate of 10.96% (APHO, 2013) 


Since the model is based  on a representative sample  of English households, it automatically includes 


overlap between the target groups and  this should  represent the actual degree of overlap  in England . 


For example, it is likely that the age 65+ target group will also contain a high proportion of people 


with COPD and  heart d isease since these conditions are more prevalent in older age groups. Table 3 


shows the modelled  target group  populations and  the overlap between these. 


 


Table 3 - Overlap between target populations 


Target group Composition of target group 


COPD Heart disease CMD Age 65 or above Low income 


COPD  895,280   404,765   203,062   634,040   243,106  


Heart d isease  301,603   1,699,129   136,089   912,681   262,102  


CMD  76,931   58,412   2,965,131   151,274   170,015  


Age 65 or above  803,995   1,539,344   600,850   6,099,082   1,370,010  


Low income  434,813   555,983   1,052,403   1,651,199   4,545,404  


 


 


Since the health impact calculations are performed  only for ind ividuals in the EHS dataset  (see section 


2.6.3), we have added  future births into the population to allow for add itional benefits in future 


generations born after the intervention . 


The model assumes that people d o not move home during the follow up period . Therefore the 


populations receiving interventions in each target group do not change over time, except due to  


deaths. In reality, for the home energy efficiency intervention, there would  be some d ilution of the 


health impact as targeted  ind ividuals move to other (untreated) homes and  other people (from the 


general population) move in to the improved  dwellings. Th is d ilution would  not occur for the fuel 


subsid y since the payment is made to the ind ividual rather than the d welling. This issue is d iscussed  


further in section 3.5.3. 


Further specific details of the targeting process can be found  in the Appendix (section 6.2.4). 
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2.4 Interventions 


Two types of household  interventions were analysed  in the economic modelling: household  energy 


efficiency retrofits and  fuel subsid ies. These interventions were chosen following a review of available 


literature (see section 1.3 above) and  d iscussions with the PHAC. The interventions have also been 


modelled  in combination (i.e. home energy efficiency and  fuel subsidy). 


2.4.1 Household energy efficiency 


Household  energy efficiency interventions focus on heating systems (i.e. boiler replacemen t and  new 


gas central heating systems), fabric insu lation (i.e. lofts, walls and  glazing), fabric infiltration control 


(i.e. d raught stripping), and  ventilation control (i.e. trickle vents and  extract fans). 


Heating system interventions focus on making changes to the heat delivery system and  its efficiency. 


Boilers in gas central heating systems make up 96% of all heat systems (DECC, 2012a). The estimated  


mean efficiency of all UK residential boilers is 82.5% (Palmer and  Cooper, 2013), with stand ard  (i.e. 


non-condensing) boilers operating at approximately 75% efficiency comprising ~57% of all boilers. 


New condensing boilers may achieve around  90% efficiency, offering ~17% in theoretical energy 


savings compared  to the non-condensing boilers. As with all the retrofit measures examined , the 


increased  efficiency of the replacement boiler has the potential to deliver the same heat demand using 


less energy (i.e. energy savings) or to otherwise use the same energy and  thus provide more heat and  


higher temperatures (i.e. comfort taking). A new gas central heating system would  generally includ e 


installing a condensing gas boiler along with a heating supply  system (e.g. room rad iators). The 


system has the potential to deliver heating throughout the dwelling. The impact could  include 


supplying heat to rooms that were previously unheated  and  to increase the efficiency of both the 


boiler and  delivery system by replacing ind ividual room heaters.  


Fabric insulation interventions focus on reducing the heat loss through the d welling fabric  (i.e. roofs, 


glazing, walls). The estimated  average fabric heat loss of English d wellings is 234 W/ K (Palmer and  


Cooper, 2013), which implies that 234 W of heating is required  to maintain a 1 °C d ifference between 


the ind oor and  outd oor. The add ition of more insulation will reduce the rate of heat flow through the 


fabric and  also the air leakage. The insulation interventions presented  in the modelling here focus on 


increasing the levels of insulation in the loft (where present), filling cavities (i.e. the air gap between 


brick walls), add ing external or internal insulation to solid  walls, and  installin g low-emissivity double 


glazing. Replacing single glazing with low -emissivity double glazing has the combined  effect of 


reducing the rate of heat loss through the glass itself and  low -emissivity coating and  also reducing the 


air leakage of the surrounding casement. Glazing has a further (though not modelled) benefit of 


reducing the exposure to noise sources. 


Draught stripping is the process of reducing air leakage around  openings (i.e. doors, wind ows, 


chimneys and  vents, and  loft hatches). Approximately 20% of the English housing stock heat is lost 


through ventilation (Utley and  Shorrock, 2010). The effect of d raught stripping (also referred  to as 


d raught proofing) is to reduce ventilation heat losses, along with reducing the infiltration of air across 


the fabric. Ventilation control is achieved  by introducing trickle vents (in the form of window vents) 


and  extract fans (located  in kitchens and  bathrooms), which enable pollutants to be removed  d irectly 


at source and  during use (e.g. cooking times, times of use of bathroom). When build ing work is 


carried  out on an existing build ing, with respect to ventilation, the work should  comply with the 


applicable requirements of Schedule 1 to the Build ing Regulations, and  the rest of the build ing should  
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not be made less satisfactory in relation to the requ irements than before the work was carried  out  (HM 


Government, 2010a). 


The impact of these interventions on indoor conditions primarily relate to the thermal envir onment 


and  ind oor air quality. Oreszczyn et al. (2006) showed that in a sample of Warm Front homes the 


impact of installing a gas central heating system w as an increase in temperature (stand ard ized  to an 


external temperature of 5 °C) by 1.61 °C (95% CI 1.03, 2.19) in the living room and  2.54 °C (95% CI 


1.91, 3.16) in the bedroom, ad justing for region, month, deprivation and  ed ucation, household  size 


and  age of resident modifiers (Oreszczyn et al., 2006a). Results also showed that insu lation m easures 


(loft and  cavity wall insulation) increased  ad justed  temperatures by 0.76 °C (95% CI 0.15, 1.37) in the 


living room and  1.32 °C (95% CI 0.68, 1.97) in the bedroom. Though these suggest large changes in the 


temperature of homes following a gas centr al heating system, it is important to note that these are not 


ad justed  for the efficiency of the dwelling. Further work from the Warm Front stud ies also showed  


that heating system installations had  a correspond ing drop in the relative humid ity levels in th e living 


room (-1.22%; 95% CI -3.22, -0.79) and  bedroom (-4.02%; 95% CI -6.43, -1.61) (Oreszczyn et al., 2006b), 


again ad justing for region, month, deprivation, household  size and  d welling efficiency modifiers.  This 


same work also showed  a minimal reduction in the energy demand associated  with these 


interventions (Hong et al., 2006), along with a suggestion of improved  thermal comfort (Hong et al., 


2009). 


An effect of the insulation, glazing and  ventilation control interventions is to alter air change rates 


which in turn affect ind oor air qu ality. In dwellings where no further ventilation controls are added , 


then the potential impact is an increase in the build -up and  exposure to ind oor generated  pollutants 


whilst at the same time red ucing the ingress of outdoor pollutants.  


2.4.2 Fuel subsidy 


The two fuel subsid ies currently in effect in England  are the Winter Fuel Payment (WFP) and  the Cold  


Weather Payment (CWP). These fuel subsidy interventions seek to reduce heating fuel expenditure 


and  assist in maintaining or improving thermal comfort, particu larly for elderly household s and  those 


in receipt of benefits. Fuel payments are a costly and  reoccurring expense. For example, in 2010/ 11 the 


WFP (£200 or £300 for those over 80), which is d irectly deposited  into the householders’ accounts, was 


estimated  to be approximately £2.7 billion  (IFS, 2011), making it significantly larger than the 


subsequent supplier obligation schemes. The WFP is not means tested , thus it is provided  to all 


identified  eligible households. The WFP has included  one-off supplementary payments to address 


increases in fuel prices. The CWP is currently £25 for each consecutive 7 d ay period  below 0 °C.  


To date it is unclear what the impact of these housing efficiency and  fuel payment interventions have 


been on health. It is also unclear what the cost-effectiveness or cost-benefit of these interventions are 


as they relate to health outcomes. Further, there is uncertainty around  how much of the fuel payments 


are spent of fuel. An IFS study suggested  that the delivery mechanisms were instrumental to how the 


payment was used  by the household  (Beatty et al., 2011). The IFS study showed  that when the WFP 


was label, but that uncertainty exists around  how much of the subsidy would  be spent on fuel. 


In the absence of strong d irect evidence between fuel subsidy payments and  changes in thermal 


conditions we have developed  an ind irect method  based  on empirical data of variations in heating 


behaviour in relation to the energy efficiency characteristics of the home. The modelling is based  on a 


similar implementation of temperature take-back as describe in Hamilton et al (2011). The given 


payment is converted  into potential energy savings with an associated  temperature rise. In the 
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modelling, the fuel price subsidy amount is indexed  against projected  fuel price rises. See section 2.6.2 


for further details on the method . 


2.5 Comparators 


The comparator for the economic modelling is that no interventions occur within the dwellings. The 


basis for this approach is that over past 25 years the majority of energy efficiency retrofits have been 


driven by government-backed  schemes or obligations (Hamilton et al., 2014; Mallaburn and  Eyre, 


2013; Rosenow, 2012). The focus of this modelling was not to model what government policy cou ld  or 


might be, but rather to focus on the costs and  health and  non-health outcomes related  to interventions 


that are targeted  at alleviating excess winter death.  


The health impacts are d riven by exposure changes. The comparator of no change therefore implies 


that the underlying environmental conditions and  exposures experienced  by the household  members 


would  be as is currently the case. As a result, there are no changes to the determinants of exposure 


change (i.e. changes to the build ing fabric and  ventilation controls) and  therefore no change in 


underlying health status or risk of d isease. 


2.6 Model structure 


2.6.1 Household energy efficiency model 


We modelled  a number of housing energy efficiency retrofits that are designed  to improve the energy 


performance of the home. Table 4 lists the energy efficiency measures used  in the modelling. 


 


Table 4 – Modelled energy efficiency measures 


Component Measures 


Fabric Lofts to 250mm  


 
Solid  Wall Insulation  


 
Cavity Wall Filling 


 
New Double Glazing 


 
Install Condensing Boilers 


 
Install Gas Central Heating 


Ventilation Draught Stripping 


 
Trickle Vents 


 
Extract Fans 


The modelling method  combines a series of modules (described  in more detail in the Appendix 6.2) 


that describe various components of the house and  household  population. Figure illustrates how the 


modules interact. 
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Figure 1 - Components of the housing efficiency model  
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module: 


Inputs 


 Housing stock: The English Housing Survey (EHS) provides a baseline population that is 


representative of the English housing stock and  household s that live within. The EHS uses an 


un-clustered  stratified  sample randomly drawn from a list of all addresses in England  and  is 


updated  and  made available approximately every two years since 2002 (qu inquennially 


before then, beginning in 1967) (CLG, 2013a). The survey interviews approximately 17,500 


households on the details of their home and  household . A further physical survey of 


approximately 8,000 of the interviewed  houses is undertaken. The data includes 


approximately 16,000 variants to describe English houses. 


 Household  target groups: Household  target groups included  those with chronic obstructive 


pulmonary d isease (COPD), heart d isease, common mental d isorders (CMD), elderly 


households (65 and  older) and  households in the lowest income quintile.  


 Energy efficiency measures: A number of energy efficiency measures can be introduced  as 


single or multiple measures into the model, includ ing: loft insulation, cavity wall filling, solid  


wall insulation, replacement double-glazing, new condensing boiler, d raught p roofing, new 


gas central heating system, and  ventilation systems (i.e. trickle vents and  extract fans). The 


numbers of dwellings not alread y having had  such an intervention for these measures are 


defined  from EHS. The change in energy performance level following the measures are based  


on Stand ard  Assessment Procedure (SAP) estimates and  other stud ies related  to English 


houses. 


Building temperature and pollutants module 


 Efficiency modelling: Characterises the ventilation and  thermal performance of dwellings in 


England . It uses the DECC method  of converting EHS data for use in energy mod els (DECC et 


al. 2012) and  the SAP 2005 methodology for pred icting the ventilation and  fabric heat loss 


(BRE and  DECC 2009). 


 Pollutant modelling: Pred icts the concentrations of a selection of ind oor air pollutants, 


includ ing: environmental tobacco smoke (ETS), indoor and  outd oor sources of particulate 


matter <2.5 µm (PM2.5), radon gas, and  mould  growth. It uses combinations of 10 build ing 


morphology archetypes (i.e. dwelling type and  size) with four ventilation systems (i.e. no 


trickle vents or extract fans, trickle vents only, extract fans only, and  both trickle vents and  


extract fans) and  eight permeability bands. The exposure-specific d iseases focused  on draw on 


established  epidemiological evidence. 


o Other health outcomes that could  be related  to energy efficiency interventions but 


were not considered  here, include: cold -related  falls, changes in mental health impact 


(aside from temperature), and  some forms of indoor pollu tants (e.g. volatile organi c 


compound s (VOCs) and  carbon monoxide poisoning). However, such evidence can 


be sparse. A particular d ifficult issue with many stud ies looking at the health effect of 


energy efficiency interventions is that the study designs and  methods have not been 


sufficiently robust in their design or controlling for bias as to d raw strong conclusions 


(Thomson et al., 2013). 
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 Exposure modelling: Models the change in exposure across the stock when applying energy 


efficiency measures. A baseline condition is pred icted  and  a modified  cond ition is determined  


through the application of the efficiency measures. The measures alter the comp onents of the 


dwelling affected  by the introduction of efficiency measures. The outcomes are changes in 


exposures. 


2.6.2 Fuel subsidy model 


We have developed  a new method  of fuel subsid ies which is the first (to our knowledge) to attempt to 


quantify their associated  health impacts and  to include health in the estimation of their cost -


effectiveness. Central to our model of the effect of fuel subsid ies is the method  for understand ing 


what fraction of any subsidy is used  by the householder to improve winter indoor t emperatures 


(using more fuel for heating) as opposed  to cost saving. The proposed  method  uses the empirical 


relationship between stand ard ised  ind oor temperature (SIT)5 and  whole dwelling E-value derived  by 


Hamilton et al 2011 (Figure 2). The E-value is the power (in watts) required  to maintain a 1 Kelvin 


temperature d ifference between the inside and  outside environment for the dwelling as a whole, and  


is a measure of energy efficiency (and  thus relative heating cost) (Hamilton et al., 2011). 


As Figure 2 shows, d wellings with high E-values (the least energy efficient homes) have the lowes t 


indoor temperatures, and  temperatures increase approximately linearly as E-values fall, i.e. with 


improving energy efficiency. The SIT reaches a plateau of around  18.2°C at E-values to the left of the 


inflexion point at around  250 W/ K, suggesting that th is is a temperature which the average 


householder living in a reasonably energy efficient home considers sufficient for comfort.  


We use this curve as an ind irect ind ication of householder behaviour. The temperature ‘plateau’ 


suggests that householders would  tend  not to take any subsidy as increased  temperature if they are 


alread y at the energy efficient end  of the E-value spectrum (below around  250 W/ K). Furthermore, it 


suggests that the degree to which householders heat their home depends on the E-value. When the 


home is relatively energy inefficient (and  thus heating costs relatively high), householders maintain a 


low average SIT; the higher the E-value, the lower the SIT. It is an assumption of this method  that the 


primary determinant for a lower temperature is householder choice (based  on cost) rather than the 


physical limitations of the heating system. 


Our logic then proceeds as follows. There is a d irect correspondence between E-value and  heating cost 


assuming a fixed  ind oor temperature (SIT) and  the same mix/ cost of energy sources. However, for 


households in homes with E-values above 250 W/ K the SIT vs E-value curve (Figure 1) suggests that 


householders buy more heating to increase indoor temperatures as E-values and  hence relative 


heating costs fall. 


                                                           
5 The standardised  indoor temperature (SIT) is a measure of indoor temperature standardised  to common measurement 
conditions. Specifically, it indicates the indoor temperature measured at mid -afternoon on a day when the daily 
maximum temperature is 5 degrees Celsius, and is based on the average of the living room and main bedroom 
temperature. It should  be interpreted  as a measure of the relative effectiveness of the heating (as measured by indoor 
temperature) in one dwelling compared with another. 
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Figure 2 - Standardised indoor temperature (SIT) against whole house E-value based on the empirical data 
function described in Hamilton et al . (2011) 


 


Referring to Figure 2, let δE be a left shift in E-value that delivers a given reduction, δJ(isoT), in the energy 


(joules) required  to heat the home across the year assuming no change in ind oor temperature. This 


corresponds to translation to the left from E to E – δE parallel to the x-axis. 


However, the slope of the curve above 250 W/ K suggests that a left shift of δE would  be accompanied  


by an increase in SIT from T to T+δT. The additional energy in joules, δJ(Tincrease), required  to achieve this 


temperature increase is taken to ind icate how much the average householder chooses to spend  on 


add itional heating to increase temperature given a constant temperature  cost saving equivalent to δE. 


The sum of δJ(Tincrease) and  δJ(isoT) can be equated  to the energy that a fuel subsidy will buy. δJ(isoT) is then 


the energy equivalent of the subsidy the householder chooses to take as cost saving, and  δJ(Tincrease) the 


energy he/ she uses to increase the temperature of the home. Thus, the proportion of a subsidy the 


average householder chooses to spend  on fuel to increase temperature inside the home is therefore 


δJ(Tincrease) /  (δJ(isoT) + δJ(Tincrease)). It is this ratio that we use to ind icate the apportionment of any fuel 


subsid y into its components contributing to (a) a warmer indoor environment and  (b) cost saving, 


depending on the energy efficiency characteristics of the home. 


2.6.3 Health impact model 


Health impacts related  to the interventions have been estimated  using life table methods applied  to 


the ind ividuals in the EHS data. Ind ividual mortality risks were based  on the average for that 


ind ividual’s age and  sex, except where the ind ividual was identified  as having COPD or heart d isease. 


For the main analysis, assuming no change in the ventilation of dwellings, only health outcomes 


relevant to changes in exposure to cold  and  mould  were considered . However, add itional outcomes 


were modelled  when accounting for the effects of changes in ventilation and  resu lting indoor 


exposures as part of the sensitivity analyses. Impacts on morbid ity were estimated  assuming constant 


E-δE 


T+δT 


E 


T 
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ratios of morbid ity to mortality for each mortality outcome. Further morbid ity estimates were made 


using d isease prevalence for two conditions which do not have substantial mortality burdens (asthma 


in child ren, mental health in adults). Impacts have been calculated  both for those targeted  for 


interventions and  other ind ividuals in the same households. For the base case scenarios, all health 


impacts have been d iscounted  at a rate of 1.5%. 


2.6.3.1 Impacts on mortality 


The mortality impacts were calcu lated  using a modified  version of the life table model, IOMLIFET 


(Miller and  Hurley, 2003). Life tables estimate patterns of survival in a population over time based  on 


age-specific mortality rates. To perform a health impact assessment, the mortality rates are ad justed  in 


response to the changed  environmental exposure and  the results are compared  against those of the 


baseline (i.e. unad justed) life table. Life tables were set up using 2010 age -specific population and  


(d isease-specific and  all-cause) mortality d ata for England  and  Wales from the Office for National 


Statistics (ONS), with separate life tables set up for males and  females (due to their d iffering mortality 


rates and  life expectancy) (ONS, 2010). For ind ivid uals identified  as having COPD or heart d isease, we 


have increased  mortality risk for people with COPD (increased  COPD risk) or heart d isease (in creased  


all cause risk) based  on published  evidence (Devereux, 2006; Peeters et al., 2002). 


Exposure-response relationships for mortality were obtained  from published  epid emiological stud ies.  


The key relationship (SIT vs. card iovascular mortality) is based  on evidence previously covered  in the 


second  report in this series on excess winter death and  morbid ity (Factors determining vulnerability to 


winter- and cold-related mortality/morbidity). The other coefficients, relating mainly to ventilation -related  


exposures, were identified  by review of the literature. The modelled  exposure-response pathways and  


exposure-response functions are shown in Table 5. 


 


Table 5 - Mortality outcomes modelled and exposure response relationships  


Exposure Health outcome Exposure-response 
relationship 


Reference 


 
Main analysis 
 
Standard ized  
internal 
temperature 


Winter excess card iovascular  
(includ ing excess cerebrovascular 


accident and  myocard ial infarction) 


0.98 per °C Derived  from (Wilkinson 
et al., 2001) 


 
Sensitivity analysis (additional outcomes) 
 
Environmental 
tobacco smoke 


Cerebrovascular accident 1.25 (if in same 
dwelling as smoker) 


(Lee and  Forey, 2006) 


Myocard ial infarction  1.30 (if in same 
dwelling as smoker) 


(Law et al., 1997) 


PM2.5 Card iopulmonary 1.082 per 10 µg/ m 3 (Pope et al., 2004, 2002) 
Lung cancer 1.059 per 10 µg/ m 3 As above 


Radon Lung cancer 1.16 per 100 Bq/ m 3 (Darby et al., 2005) 
 


 


Since some of the outcomes are sub-categories of others (e.g. myocard ial infarction is a sub-category of 


card iovascular), to avoid  d ouble counting we removed  deaths in those sub-categories from the larger 


categories (e.g. card iovascular does not include deaths from myocard ial infarction). For outcomes 


affected  by more than one exposure, we assumed the relative risks were multiplicative.  
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We have assumed no time lags for impacts resulting from changes in stand ard ised  internal 


temperature, as cold -related  deaths are likely to begin to occur within a year. However, for the 


add itional exposures and  outcomes considered  in the sensitivity analysis o n the impacts of ventilation 


changes, a change in exposure would  not lead  to an immediate change in mortality in the population. 


For example, an increase in radon exposure would  lead  to almost no increase in lung cancer risk in the 


population for at least 10 years due to the latency period  of the d isease. To account for this, we 


incorporated  d isease-specific time functions to account for d isease onset and  cessation lags over time. 


The time lag functions were based  on empirical evidence of the effect of smok ing cessation on 


mortality over time (e.g. Lin et al., 2008) and  expert judgment. Plots of the assumed time lag functions 


are shown in Figure 3.  
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Lung cancer 


 


Cerebrovascular accident 


 


Myocard ial infarction  


 


Card iopulmonary 


 


  


Figure 3 - Assumed time lag functions for causes of mortality related to changes in ventilation  


 


Since the life table-based  estimates are made only for ind ividuals in the EHS dataset (representing the 


existing English population), we have added  future births into the population to allow for add itional 


benefits in future generations born after the intervention. The number of births each year is assumed  


to equal the existing population aged  0 in the survey, and  these newborns experience changes in 


environmental exposures equal to the population -weighted  mean changes. 


2.6.3.2 Impacts on morbidity 


Morbid ity impacts were modelled  using two methods depending on the cond ition. In the first 


method , estimates of changes in morbid ity were made for the same outcomes as modelled  for 


mortality. In the second , estimates of impacts on asthma in child ren and  common mental d isorder in 


adults were produced  based  on ad justing the prevalence of these conditions in the population in 


response to changes in standard ised  internal temperature and  mould . 


To estimate morbid ity impacts associated  with the mortality impacts, we assume correspondence 


between the burdens of morbid ity and  mortality for each outcome over the 42 year period . For each 


outcome, ratios of morbid ity (hosp ital admissions) to mortality (deaths) were calcu lated  using 


hosp ital ad mission data from Hospital Episode Statistics (HES) and  mortality d ata from the Office for 


National Statistics (ONS) (Table 6). These ratios were app lied  to the outpu ts of the mortality impacts 


model (changes in LY over 42 years) to calculate the corresponding expected  morbid ity impacts.  


Table 6 - Data used to estimate morbidity from mortality for each outcome  


Outcome Hospital admissions per 
year 


Deaths per year Ratio of morbid ity to 
mortality 


 
Main analysis 
 
Cardiovascular 937,963 133,680 7.02 
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COPD 135,859 25,918 5.24 
Stroke 92,872 25,328 3.67 
Heart attack 76,920 21,835 3.52 
 
Sensitivity analysis (additional outcomes) 
 
Cardiopulmonary 1,793,984 200,545 8.95 
Lung cancer 85,072 28,628 2.97 


 


 


We estimated  add itional impacts due to (i) stand ard ised  internal temperature on mental health in 


adults and  (ii) on COPD in adults, and  due to (iii) mould  on asthma in child ren. The calculations were 


performed for the ind ivid uals in the EHS identified  as having these cond itions. Impacts on mental 


health in adu lts, considered  as the prevalence of CMD, were modelled  as the proportion of the 


population with a 12-item General Health Questionnaire (GHQ-12) score of 4 or above. Data on CMD 


prevalence was taken from the Health Survey for England  (HSCIC, 2013) and  COPD prevalence was 


obtained  from the Association of Public Health Observatories (APHO, 2011) (see earlier). Baseline 


asthma prevalence in child ren, taken from Asthma UK (Asthma UK, 2014), was used  to represent the 


probability of d ifferent asthma severity in three classes using information in the H ousing Health and  


Safety Rating System (HHSRS) (OPDM, 2003): 


 Harm class II (1 out of every 110 asthma cases) 


 Harm class III (16 out of every 110 asthma cases) 


 Harm class IV (93 out of every 110 asthma cases) 


 


For all morbid ity outcomes, the impacts were based  on exposure-response relationships obtained  


from published  epidemiological stud ies (Table 7). 
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Table 7 - Morbidity outcome modelled and exposure response relationships  


Exposure Health outcome Exposure-response function 
Relative risk  Source 


Standard ized  internal 


temperature (°C) 


COPD 0.90 per °C Estimate based  on 
stud ies from UK 


(Osman et al., 2008) 
and  New Zealand  


(Howden-Chapman et 
al., 2007) 


Mental health:   
Common mental d isorder 


(GHQ-12 score 4+) 
0.90 per °C Based  on Warm Front 


(Gilbertson et al., 2012) 
Mould  (% MSI > 1) Asthma:   


Harm class II (hospital 
admission) 


1.53 per 100% Based  on (Fisk et al., 
2007) and  used  in 


HHSRS 
Harm class III (GP 


consultation) 
1.53 per 100% As above 


Harm class IV (minor 
symptoms) 


1.83 per 100% As above 


 


 


The calculations have been performed for each appropriate ind ividual in the EHS (identified  as 


described  previously) and  their impact calculated  by d irect application of the exposure -response 


function. For both ou tcomes, the prevalence implied  by the EHS has been compared  against published  


prevalence estimates in England  (see 2.1.6.1) and  the impacts scaled  accord ingly. In the base case, we 


have assumed a constant population of child ren (asthma) and  adults (COPD, CMD). However, for 


CMD, we have assumed  that cold -related  mental health impacts occur only  during the four coldest 


months of the year.  


The morbid ity impacts were converted  to quality-ad justed  life years (QALYs) by weighting the 


estimates to account for reduced  quality-of-life using utility weights from previous NICE guid ance 


documents (Table 8). These weights d id  not vary by age and  were chosen to represent ‘average’ 


disease status. For the broadest d isease outcomes (card iovascu lar, card iopulmonary) it was not 


possible to obtain utility weights. As such, p lausible estimates made by the modelling team were 


used . Although the utilities were obtained  from single NICE assessments, it is a cknowledged  that 


there are variations in the utilities depend ing on the assessment and  the stage of the d isease. We have 


accounted  for these variations in the probabilistic uncertainty analysis (see section 2.11.3).  


 
 
 
 
 
 
 
 
 
 
Table 8 - Utility weights for each health outcome 


Outcome Utility weight Source 
 
Main analysis 
 
Cardiovascular 0.8*  
Stroke 0.736 NICE technology appraisal guidance 236 


(NICE, 2011a) 
Heart attack 0.812 NICE technology appraisal guidance 236 
COPD 0.751 NICE technology appraisal guidance 233 


(NICE, 2012b) 
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Common mental d isorder 0.88 NICE technology appraisal guidance 97 
(NICE, 2013b) 


Asthma (mild) 0.97 NICE technology appraisal guidance 131 
(NICE, 2012c) 


Asthma (moderate) 0.85 NICE technology appraisal guidance 131 
Asthma (severe) 0.669 NICE technology appraisal guidance 278 


(NICE, 2013c) 
 
Sensitivity analysis (additional outcomes) 
 
Cardiopulmonary 0.8*  
Lung cancer 0.53 NICE technology appraisal guidance 227 


(NICE, 2011b) 
* Estimate for broad  outcome 


 


The calculations are performed using average utility weights and  hence do not capture the 


progression of d isease over time. For morbid ity estimates made in relation to mortality (based  on the 


life table outputs), the duration of the utility decrement associated  with the intervention is implicit in 


the life table results (i.e. in the variation in life year changes over time). For d irect estimates of changes 


in d isease prevalence (COPD, CMD, child hood  asthma) d ifferent assumptions have been made about 


the duration of the decrement. For COPD and  asthma, a permanent improvement in condition has 


been assumed. For CMD, when targeted  at those with CMD, we have assumed that the prevalence in 


those initially targeted  would  fall to 50% after one year and  25% after two years,  and  then remain at 


this underlying level. This was done to account for the high likelihood  of recovery within the first few 


years (Richards, 2011). 


2.7 Resource use and costs 


2.7.1 Intervention costs 


2.7.1.1 Household energy efficiency 


Costs associated  with housing interventions are not well represented  in the academic literature and  


most sources are available in grey and  online literature and  reports. For the most part, costs available 


from these sources have a high degree of uncertainty, as they may not define what components are 


included  (e.g. labour, material, over-head). Further, many interventions have an associated  impact on 


the interior decoration of the dwelling, for example replacing boiler cupboards, plaster around  glazing 


units. They may also have a certain impact on the occupants that are not costed , such as d isruption 


costs (i.e. temporary rehousing). 


For the economic modelling, intervention  costs are d rawn from recent (soon to be published) DECC 


analysis of Warm Front, which provide costs for loft and  cavity wall insulation, d raught proofing, 


boiler replacement and  gas central heating. The Warm Front programme is aimed  at reducing fuel 


expenditure in priority households, i.e. those on benefits.  


In the modelling, it is assumed that these costs represent the costs that could  be paid  for by other 


government-backed  schemes. It is also assumed these costs would  reflect those found  within the open  


market. The basis of this reasoning is that many of the costs are d rawn from a centrali zed  government 


scheme that reflects economies of scale associated  with large purchasing power. Also, the later part of 


the scheme was delivered  under a blind  competitive bidd ing process and  therefore could  represent a 


competitive open market.  
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As noted  above, most intervention costs are d rawn from unpublished  (due to be published  towards 


the end  of April 2014) analysis of the Warm Front scheme for 2005 to 2013, carried  o ut by members of 


the analysis team for the Department  of Energy and  Climate Change. For those costs not available 


from the Warm Front programme, other sources of online literature were referenced  and  it was 


assumed that the advertised  costs of the measure would  include material and  labour costs (if not 


stated). No estimates of costs associated  with redecorating are included  in the intervention modelling.  


Table 9 shows the intervention costs used  for the Warm Front insulation and  heat system costs.  The 


costs are d rawn from the most recent two years of the scheme, 2011/ 12 and  2012/ 13 and  comprise 


delivery, labour and  material costs associated  with the intervention. These costs were collected  as part 


of the delivery of the Warm Front scheme from the scheme ad ministrator and  represent over 60,000 


data points. The d ata offers a range of costs that reflect the amount of material needed  and  the 


d ifficulty of the installation. The average of the mean values for 2011/ 12 and  2012/ 13 are used  as the 


central estimate of costs and  their stand ard  deviations are used  for probabilistic sampling.  


 


Table 9 - Intervention costs from Warm Front (source: DECC, 2014) 


Cost of measures by year 2011/12 to 2012/13 


Measures Mean Median Max 


Cavity Wall Insulation 430 370 1,600 


Loft Insulation 330 300 1,150 


Draught proofing 150 140 270 


Boiler Replacement Gas 1,310 1,230 6,560 


Gas Central Heating 1,520 1,470 3,180 


 


Warm front d id  not cover glazing retrofits, or improvements to ventilation controls.  For these costs, a 


review of available academic and  grey sources of literature was carried  ou t. Table 10 describes the 


costs, includ ing material and  labour costs. Two cost amounts were found  for glazing, the costs were 


averaged  together to represent both ranges. The values are corrected  using benchmark inflation data 


from the Bank of England  from the cited  year of publication to the year 2012.  


 


Table 10 - Intervention costs from mixed sources 


Installation Total Materials Labour Source(s) 


Glazing £5,000 £3,000 £2,000 Energy Saving Trust 


Glazing £11,100 £7,800 £3,300 ETI retrofit project 


Extract £500 £250 £250 ETI retrofit project 


 


 


The energy efficiency interventions described  above have d ifferent life  times. DECC estimate that 


insu lation measures will last for approximately 45 years, heating measures will last for approximately 


15 years, and  glazing for approximately 20 years. To account for these d ifferences, the cost of the 


interventions have been annualised  in the form of an Equivalent Annual Cost (EAC), which is the cost 


of the intervention spread  over the lifespan, accounting for d iscount rate. The total cost of all 


interventions has been equalised  for the model period  (42 years). Therefore, for shorter time periods 
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the costs will be less than over longer periods. 


2.7.1.2 Fuel subsidy 


The Winter Fuel Payment of £200 is used  as a basis for the fuel subsid y payment level.  In order to 


maintain the relative change in indoor temperature resulting from the fuel su bsid y over the modelling 


period  it is necessary to maintain the purchasing power of the initial subsidy amount. To account for 


potential changes in subsidy amounts, the modelling links the fuel subsidy to the incremental 


estimated  annual change in annual fuel prices over the modelled  period . Therefore the fuel subsid ies, 


being a reoccurring payment, are indexed  to the change in fuel prices and  are simultaneously 


d iscounted  using the above mention rate of 1.5%. The cost of ad ministering the fuel subsid y (the 


transfer cost) has not been included . 


2.7.2 Energy costs 


Energy savings are estimated  using projected  fuel costs from DECC. The conversion of the EHS into 


SAP type outputs includes price by fuel type set for 2010. These prices are proportionally increased  to 


reflect prices in 2012 using estimates from DECC (see Table 11). In England , because the energy 


market is deregulated , the price paid  by any household  will vary depending on the supplier they 


choose, the payment method  and  any offers made. The DECC fuel prices used  in the modelling are 


national averages, weighted  by tariff type (i.e. debit, cred it and  prepayment) and  number of regional 


customers. It is assumed  that these estimated  prices reflect those paid  on average for English 


households. 


 


Table 11 - Fuel Prices in 2012 (Source: DECC: DUKES 2011 table 1.1-1.6 and DECC: Quarterly Energy Prices - 
table 2.1.1 [1980-2012]) 


Fuel Price (p/kWh) 


Total solid fuels 4.43 


Gas 4.62 


Electricity 13.78 


Oil 5.61 
 


 


The economic modelling includes a 42 year time horizon. Estimates of projected  retail price changes 


are d rawn from DECC. The DECC data made estimates of retail price changes between 2012 and  2030. 


In order to cover the remaining 12 years, a further projection of prices was mad e using the TREND 


function in excel, which used  the past prices (2010 to 2030) to project the remaining years.  The 


projection for 2010 to 2052 is shown in Figure 4. Note the ‘kink’ in the 2033 is due to the initial rapid  


increase between 2010 and  2015, which then stabilises through to 2052. 
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Figure 4 - DECC projected retail gas prices (Source: DECC 2012 Energy and Emissions Projections, 2012) 


 


2.7.3 Health service costs 


The life table models assume that deaths are spread  evenly over the course of a year. Therefore, on 


average, each death resu lts in 0.5 life years lost per year. Since this means that each life year lost per 


year is equ ivalent to two d eaths, we have assumed that a ratio of hospital admissions to life years lost 


per year can be obtained  by doubling the ratios of hosp ital admissions to deaths per year, shown 


previously in Table 6. These ratios were app lied  to the modelled  changes in life years to estimate 


associated  changes in hospital admissions for each outcome per year. For asthma and  CMD, we 


assumed that changes in hosp ital ad missions occur in proportion to the modelled  change in 


prevalence.  


We assume that the total change in hospital admissions (all outcomes combined) will result in a 


corresponding proportional change in total GP consultations, accounting for the proportion of all 


hosp ital admissions represented  by the modelled  health outcomes (based  on HES data). This assumes 


that these health cond itions make up similar proportions of total hospital admissions and  total GP 


consultations. The most recent estimate for the total number of consultations in England  is 303.9 


million for 2008/ 09. However, a recent NHS report has extrapolated  this figure to 2013, estimating 340 


million consultations (NHS, 2013). 


Unit costs for hospital admissions were taken from the National Schedule of Reference Costs 2012-13 


for NHS trusts and  NHS foundation trusts (see Table 12) (Dept. Health, 2013). We identified  for each 


modelled  outcome the closest equivalent Healthcare Resource Groups (HRG) codes and  averaged  


across relevant HRGs weighted  by activity (Table 12). The ranges presented  were obtained  using the 


lower and  upper quartiles from the reference costs. 


 


Table 12 - NHS reference costs and baseline hospital admissions  for each outcome 


Outcome 2012-13 HRG codes Unit cost per hospital admission  
(£) 


Baseline hospital 
admissions per year 
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Weighted  mean Range (lower-
upper 


quartiles) 
 
Main analysis 
 
Cardiovascular - £1,000* £700*-£3,000* 937,963 
Stroke AA35A, AA35B, AA35C, 


AA35D, AA35E, AA35F 
£3,118 £2,159-£3,530 92,872 


Myocard ial infarction EB10A, EB10B, EB10C, 
EB10D, EB10E 


£1,578 £,1179-£1,813 76,920 


COPD DZ21A, DZ21L, DZ21M, 
DZ21N, DZ21P, DZ21Q, 
DZ21R, DZ21S, DZ21T, 


DZ21U 


£1,238 £975-£1,413 135,859 


CMD (adults) WD11Z, WD22Z, WD33Z £1,492 £1,116-£1,703 33,481 
Asthma (child ren) DZ15G, DZ15H, DZ15J, 


DZ15K, DZ15L 
£875 £684-£1,005 25,527 


 
Sensitivity analysis (additional outcomes) 
 
Cardiopulmonary - £1,000* £700*-£3,000* 1,793,984 
Lung cancer DZ17E, DZ17F, DZ17G, 


DZ17H, DZ17J, DZ17K 
£1,868 £1,350-£2,193 85,072 


*Estimated  for broad  outcome 


For GP consultations, a unit cost of £45 was app lied , assuming an average consultation lasting 11.7 


minutes (with qualification costs) based  on NHS reference costs for 2013 (Dept. Health, 2013). Since 


the estimates of hospital admissions and  GP consultation costs are b ased  on d iscounted  changes in 


QALYs over the time frame, they are therefore implicitly d iscounted  at the same rate of 1.5%. 


2.8 Input parameters 


The majority of input parameters on the English housing stock and  its energy efficiency were d rawn 


from the EHS 2010, which is the only potential source for this data. Similarly, data used  to 


parameterise the life table models were obtained  from the Office for National Statistics (ONS), again 


the only available sou rce. All other input parameters were d rawn from the available literature. As 


mentioned  previously, the utility weights used  in the health model were obtained  from recent NICE 


guidance documents (agreed  with NICE). Table 13 to Table 15 presents a summary of the key input parameters used  in the model and  their 


sources. Further inpu t parameters used  in the bu ild ing physics model are provided  in the Appendix 


(6.2.5). 
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Table 13 – Summary of key housing model input parameters and sources 


Input data Estimate/source 


Housing stock  Variable Value Unit Source 


Houses Surveyed  English 
dwellings 


Physical characteristics (age, size, type, area 
measurements) 


English Housing 
Survey 2010 (CLG, 


2013b) 
 Surveyed  English 


households 
Household  characteristics (occupants, socio-


economic status) 
English Housing 


Survey 2010 (CLG, 
2013b) 


Interventions Component EHS variable Estimate Unit Source 


Lofts to 250mm insulation roof uvalue 0.22 W/ m 2 
K 


RdSAP v9.83 2005 


 infiltration d irect ad justment 0.1 Nach Hong et al, 2004 
Wall insulation 
(solid  external) 


insulation external wall uvalue 0.58 W/ m 2 
K 


RdSAP v9.83 2005 


 infiltration d irect ad justment 0.3 Nach Hong et al, 2004 
Wall insulation 
(cavity fill) 


insulation external wall uvalue 0.33 W/ m 2 
K 


RdSAP v9.83 2005 


 infiltration d irect ad justment 0.2 Nach Hong et al, 2004 
Double glazing insulation glazing uvalue 2 W/ m 2 


K 
RdSAP v9.83 2005 


 infiltration draught stripping 
percentage 


0.98 Nach Hong et al, 2004 


Installation of 
condensing boilers 


efficiency main system 
efficiency 


93 % RdSAP v9.83 2005 


Installation of 
central heating 


temperature d irect temperature 
ad justment 


0.00395 °C Warm Front 


 efficiency main system 
efficiency 


92 % RdSAP v9.83 2005 


Draught proofing infiltration floor infiltration 0.1 Nach RdSAP v9.83 2005 
 infiltration glazing draught 


stripping percentage 
0.98 Nach RdSAP v9.83 2005 


  infiltration d irect ad justment 0.2 Nach Hong et al, 2004 
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Table 14 – Summary of health model input parameters and sources  


Input data Estimate/source 


Baseline health and population data  


Population  Mid-year population estimates for 2010 from the Office 
for National Statistics (ONS, 2011a) 


Mortality Age-specific mortality by cause for 2010 from the 
Office for National Statistics (ONS, 2011b) 


Disease prevalence COPD: Prevalence of 5.90% (aged  45+) accord ing to 
modelled  2011 estimates from the Association of Public 


Health Observatories (APHO, 2011) 


Heart d isease: Prevalence of 10.96% (aged  45+) 
accord ing to modelled  2011 estimates from the 


Association of Public Health Observatories (APHO, 
2013) 


CMD: Prevalence of 15% (aged  16+) based  on self-
reported  mental health, as assessed  by the General 


Health Questionnaire (GHQ-12) from Health Survey 
for England  (HSE) 2012 (HSCIC, 2013) 


Asthma (child ren): Estimated  prevalence of 1 in 11 
child ren from Asthma UK (Asthma UK, 2014) 


Hospital admissions Based  on 2012/ 13 Hospital Episode Statistics 
(HES) data on primary d iagnosis for each 


outcome (HSCIC and  ONS, 2013) (see also Table 3) 


GP consultations 340 million consultations in 2013 estimated  accord ing 
to (NHS England , 2013) based  on extrapolation of rates 


from (Hippisley-Cox and Viogradova, 2009) 


Exposure-response functions Estimates obtained  by literature review (see Table 2 
and  Table 4) 


Utility weights Based  on weights used  for each outcome in recent 
NICE guidance and  appraisal documents (see Table 5) 


 


 


 


 


 


 


 


 


 


 


Table 15 – Summary of input costs and sources 


Input data Estimate/source 


Intervention costs   


Home energy efficiency measures See Table 6 and  Table 7 


Fuel subsidy £200 based  on existing Winter Fuel Payment in 
England  (effects of £100 and  £400 subsid ies tested  in 


sensitivity analysis) 
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Energy costs See Table 8 and  Figure 4 


NHS health care costs  


Hospital admissions Outcome specific hospital ad mission costs based  on 
National Schedule of Reference Costs 2012-13 for NHS 
trusts and  NHS foundation trusts (Dept. Health, 2013) 


(see also Table 9) 


GP consultations £45 assuming an average consultation lasting 11.7 
minutes (with qualification costs). Based  on National 
Schedule of Reference Costs 2012-13 for NHS trusts 


and  NHS foundation trusts (Dept. Health, 2013) 


 


2.9 Key assumptions 


The most important assumptions of the economic model are detailed  in the following sections. 


2.9.1 Household energy efficiency model 


The key assumptions of the household  energy efficiency model are: 


 Changes in ind oor winter temperatures can be pred icted  using an empirical relationship  


between the stand ard ized  internal temperature and  the whole dwelling E-value. 


 The average of the stand ard ised  living room and  bedroom temperatures (SIT) provides a 


useful estimate of heating season average whole-house temperatures. 


 SIT depends exclusively on the E-value (i.e. pred icted  energy efficiency) of the dwelling. 


 The selected  archetypes are adequate to represent the variation in geometry observed  in the 


English housing stock (Oikenoumou et al., 2010) (see Appendix 6.2.2). 


 The EHS d wellings can be matched  to the modelled  build ing variants, accord ing to rules 


described  in the Appendix. 


 For the main analysis, energy efficiency measures have no impacts on ventilation.  


 All dwellings built after 1990 have trickle vents and  that the 8% of dwellings built before 1990 


having trickle vents is rand om (e.g. has no dependence on dwelling characteristics or region).  


 The rad on concentration is half that of ground -floor flats in first-floor flats, and  zero in higher 


level flats. 


 The behaviour of occupants, with regards to their interaction with wind ows, and  produ ction 


and  removal of pollutants is assumed to depend  only on the size of the dwelling . 


 All ventilation and  heating systems are assumed to function correctly, w ith no allowance 


made for mechanical failure or deterioration with time. 


 The target groups in relation to dwelling characteristics are adequately represented  by the 


EHS and  can be identified  from self-reported  symptoms. 


 People do not move home at any point following the intervention . 
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2.9.2 Fuel subsidy model 


The key assumptions of the fuel subsidy model are: 


 Choice in expend iture on temperature at a given level of home energy efficiency is reflected  in 


the SIT vs E-value curve, which is assumed not to be constr ained  by the physical capacity of 


the heating system to heat the home but only by the choice of how much the heating system is 


used  (cost). 


 The unit fuel cost is the same for all dwellings (there is no d irect evidence on the variation in 


the SIT vs E-value curve for d ifferent fuel sources/ tariffs). 


 The SIT vs E-value relationship is representative of the relationship under a given fuel prices.  


2.9.3 Health impact model 


The key assumptions of the health impact model are: 


 Health effects of changes in indoor temperature can be accurately quantified  using a synthesis 


of evidence from a sparse number of intervention and  observational stud ies (Table 2).  In 


particu lar, evidence from time series stud ies relating  internal winter temperatures to d aily 


mortality can be used  to quantify long-term loss of life expectancy (see section 2.11.1) 


 Health effects due to changes in indoor air quality can be quantified  using published  


epidemiological evidence of varying robustness (Table 2). 


 Health impacts are modelled  by changes in life expectancy and  d isease prevalence of a self-


replenishing population. 


 Mortality rates vary only with age and  sex (there is no dependence o n e.g. socioeconomic 


factors, except for ind ividuals identified  as suffering from COPD or heart d isease).  


 Changes in exposures affect mortality risk at all ages. 


 The age- and  cause- specific baseline mortality rates and  d isease prevalence do not change 


over time (i.e. constant at 2010 levels over the 42 years of follow up). 


 Ind ividuals in the EHS are only identified  as having COPD or heart d isease if they are aged  45 


years or over (see 2.3 Population). 


 Morbid ity d oes not depend  on e.g. socio-economic factors, underlying health status, etc. 


 People with clinical CMD experience a recovery rate that takes the underlyin g prevalence to 


50% after 1 year and  25% after two years, at which point the rate of natural/ treatment -related  


recovery and  relapse are assumed to balance. 


 Cold-related  mental health impacts occur only during the four coldest months of the year.  


 The relative risk for COPD-related  symptoms is assumed to be 0.9 per °C increase in SIT, a 


figure which reflects unclear evidence of temperature benefit from UK COPD intervention 


stud ies, but larger impact in less relevant New Zealand  intervention stud ies.  


 Relative risks are multiplicative. 
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 No time lags for impacts resulting from changes in standard ised  internal temperature . Others 


(ventilation-related) are as shown in Figure 3. 


 The number of births each year is equal to the existing population aged  0 in the survey , which 


yields a roughly constant population of child ren over time. 


 Although the calculations are performed for the existing English population (based  on the 


EHS), benefits also accrue to future (post-intervention) births. 


 There is a fixed  ratio between the burdens of morbid ity and  mortality for each outcome over 


the 42 year period  (Table 3). 


 The utility weights associated  with each health outcome are broad ly representative of the 


average for that ou tcome. 


 The utility weights do not vary with age. 


2.9.4 Intervention costs 


The key assumptions regard ing estimation of the interventions costs are: 


 Costs represent the costs paid  for by other government -backed  schemes and  within the open 


market. 


 Advertised  costs of the measure include material and  labour costs (if not stated).  


 VAT is add itional to any stated  costs. 


 Intervention cost capital outlay occurs at the time of intervention without any long -term 


payback process. 


2.9.5 Energy costs 


The key assumptions regard ing estimation of the energy costs are: 


 Estimated  prices reflect those paid  on average for English households.  


 Estimated  changes in energy prices over the modelling period  account for fu ture energy price 


changes based  on DECC scenario modelling. 


 Energy costs are d iscounted  using the stated  d iscount rate of 1.5% 


2.9.6 Health service costs 


The key assumptions regard ing estimation of the health service costs are: 


 A ratio of hospital ad missions to life years lost per year can be obtained .  


 For asthma, COPD and  CMD, changes in hospital admissions occur in proportion to the 


modelled  change in prevalence. 


 The total change in hospital admissions (all outcomes combined) will result in a 


corresponding proportional change in total GP consultations, accounting for the p roportion of 


all hosp ital ad missions represented  by the modelled  health outcomes . 
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 The modelled  health conditions make up similar propor tions of total hospital ad missions and  


total GP consultations. 


 There is no change in NHS unit costs over time. 


 Health service costs d o not account for increases in life expectancy. 


2.10 Key features of the analysis 


The key features of the analysis are as follow s: 


 Due to the relatively long time-frame of the modelled  interventions, costs and  benefits have 


been d iscounted  at a rate of 1.5% for the base case analysis (the effect of using a 3.5% d iscount 


rate is considered  as part of the sensitivity analyses). 


 42 year and  5 year time periods have been used  to examine near term and  long term effects 


within the window of the longest intervention lifetime. 


 All energy efficiency measures installed  in all (targeted) dwellings that the dwelling is 


deemed to need . 


 Energy efficiency measures are assumed to be installed  instantly with no phasing over time.  


 The amount of the fuel subsidy (initially £200) is linked  to fuel prices and  hence changes over 


time. 


 Interventions are targeted  at five groups based  on health status (at least one person in 


household), age and  income. 


 Health impacts have been estimated  for all ind ividuals affected  by intervention, includ ing 


healthy people living with targeted  ind ividuals. 


 The base case analysis assumes that energy efficiency interventions are app lied  without 


affecting ventilation (which is consistent with UK Build ing Regulations Part F). However, the 


sensitivity analysis considers a scenario in which ventilation is adversely affected .  


2.11 Uncertainty and sensitivity analyses 


Model testing identified  a number of key parameters in relation to their impact on the estimated  


ICERs. In response, a wid e range of uncertainty and  sensitivity analyses were undertaken. Several 


structural uncertainties were tested  includ ing accounting for changes in ventilation and  indoor air 


quality, altering the duration of CMD impact, and  altering the loss of life expectancy associated  with 


cold -related  deaths. The economic evaluation of the modelled  intervention s also included  uncertainty 


analysis to account for uncertainty in the key drivers of the modelling space (i.e. inputs) that are most 


likely to have an effect on the health outcomes and  the cost -effectiveness of the application of the 


intervention. Further uncertainties were dealt w ith through a series of deterministic sensitivity tests.  


2.11.1 Structural uncertainty 


The following section outlines the features that relate to structural uncertain ties within the economic 


modelling approach and  the analyses performed to test various assumptions. 
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Inclusion of ventilation-related health effects for energy efficiency intervention 


Ventilation-related  impacts on health are an important component of any housing -related  


intervention, even if often negative. These therefore need  to b e included  to demonstrate the important 


public health message of compensating for any adverse changes on ind oor air quality resulting from 


reductions in air exchange. A test was carried  out to examine the effect of actions that d id  not properly 


ventilate the d welling following an energy efficiency intervention. The test assumed that no 


mitigation measures (i.e. purpose-provided  ventilation) were added  to the dwellings, showing the full 


potential impact of increases in internal pollutants and  minimised  ingress of outdoor pollutants. 


Duration of CMD impacts 


Previous evaluations of the health impacts of home energy efficiency upgrades have stud ied  benefits 


only over relatively short time period s (e.g. one year). There is currently little evidence of impacts over 


the longer term, for instance, on whether health benefits due to increasing ind oor temperatures will 


persist far in to the future. 


Our base case scenario assumes persistence of impacts on CMD over the entire 42 year time period , 


except when interventions are targeted  at those with CMD (see earlier). Given the large uncertainties 


associated  with this assumption, we have also tested  an alte rnative scenario in which impacts in those 


targeted  with CMD persist over the entire follow up period . 


Uncertainty of indoor temperature related health impact: loss of life expectancy 


for cold-related deaths 


The economic modelling d raws on analysis by Wilkinson et al. (2001) on the change in excess winter 


death (as a ratio of non-winter death) due to card iovascu lar d isease. The relationship is from a time-


series analysis of mortality data and  indoor temperatures, stand ard ised  to  5 °C during the winter 


daytime (see Evidence Statement 3.1 in the second  report in this series, Factors determining vulnerability 


to winter- and cold-related mortality/morbidity). This analysis provided  a trend  estimate of 2% reduction 


in winter: non-winter ratio of card iovascular d isease, ad justed  for deprivation and  variation in excess 


winter death (EWD) by region, per increase in indoor hall tem perature. In the model, the impact of 


changes in stand ard ised  internal temperature is used  to determine the change in EWD (Oreszczyn et 


al., 2006a). 


Among the multiple uncertainties relating to the quantification of the impact of cold -related  deaths is 


the loss of life expectancy associated  with each cold  death. In the main, cold  d oes not ind uce new 


d isease or events, but rather accelerates events (especially card iovascu lar events) in people with pre -


existing sub-clinical or clinical d isease. For example, the add itional people dying from a heart attack 


or stroke on cold  d ays will be people with alread y established  atherosclerosis in whom the effect of 


cold  is sufficient to precipitate (early) the thrombotic obstruction of an already narrow ed coronary or 


cerebral artery. Such a thrombotic obstruction would  have been likely to occur eventually anyway, 


but the patho-physiological effects of cold  bring about the obstruction at a point earlier than it would  


otherwise have occurred  – with consequential clinical sequelae includ ing death in some cases. 


In consequence, it is likely that the people who d ie of cold -related  events are people who have shorter 


than average life expectancy. The d ifficulty for modelling of cold -related  QALYs is that the risks of 


cold -related  death are determined  from time-series stud ies from which it is impossible to determine 


the degree of life-shortening (i.e. loss of life expectancy). Applying relative risks for cold  death 
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derived  from time-series stud ies to life tables m akes the implicit assumption that those who d ie of 


cold  are representative of the population as a whole and  therefore have average age -specific life 


expectancy. This is almost certainly untrue given that in nearly all cases they must have pre -existing 


underlying d isease. 


To address this, we have examined  the effect of assuming that those vulnerable to cold  fall into a 


“high risk” sub-group of the population with elevated  underlying risk of card iovascular death.  We 


then examined  the shortening of remaining life expectancy in such a high risk group as a function of 


(i) its size as a proportion of the total population (if overall card iovascu lar deaths remain the same), 


and  (ii) the elevation of risk (relative risk) in the high risk group compared  to the remaind er of the 


population.  


 


Table 16 - Relationship between cardiovascular high-risk group size and life expectancy 


Proportion of the population in the 
group assumed to be at high-risk 


for card iovascular events 


Approx. remaining life expectancy 
at age 70 in high risk group* 


(years) 


Approx. life expectancy in high 
risk group relative to that 


calculated  using population 
average mortality rates 


100%  
(i.e. whole population equally at 
risk = default of applying time-


series cold relative risk to life table) 


14.5 100% 


10% 7.5 50% 
5% 5.5 38% 
1% <3 21% 


*For a given size of the high risk group (as a proportion of the total population), the life expectancy declined  
with the increasing relative risk for card iovascular death in that group. However, the decline showed 
considerable flattening after a relative risk of around  20 or so. The results shown here are the ‘effective 
asymptote’ of life expectancy for the high risk group at high relative risk.   


 


From Table 13 it can be seen, for example, that if the vulnerable population at risk of cold  death can be 


assumed to be around  10% of the population, then their life expectancy will be only around  half that 


of the population as a whole. Likewise, if the vulnerable high  risk group is assumed to be 1% of the 


population, life expectancy would  be little more than a fifth of that in the population as a whole.  


Using these figures, we calculated  several alternative estimates for the loss of life expectancy 


associated  with cold -related  death using life tables. The sensitivity test used  three ‘global’ correction 


factors of 0.50, 0.38, and  0.21 (Table 13) to ad just the total of loss of life expectancy (and  hence QALYs) 


corresponding to assumptions that the high risk group vulnerab le to cold  death is confined  to 10%, 


5%, and  1% of the population respectively. 


2.11.2 Deterministic sensitivity analyses 


A number of deterministic sensitivity analyses were undertaken as follows: 


1. Inclusion of solid wall insulation in home energy efficiency intervention 


Solid  wall insu lation is an expensive intervention and  may not be cost -effective purely on 


energy terms or on health terms along. By includ ing solid  wall insulation in the base case 


intervention package there was the potential to skew measures that  might have been shown 


as having reasonable cost-effectiveness ratio. The base case analysis was therefore repeated  


without solid  wall interventions. 


2. Baseline energy efficiency (low SAP) 


Targeting interventions at dwellings with low energy efficiency may a ffect cost-effectiveness. 
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As such, the base case analysis was repeated  for homes with SAP ratings of 30 and  less.  


3. Level of subsidy in fuel subsidy intervention  


The base case fuel subsidy intervention was repeated  (i) decreasing the amount of the subsidy 


from £200 to £100, and  (ii) increasing it to £400. 


4. Discount rate 


The effect of increasing the d iscount rate from 1.5% to 3.5% was tested .  


2.11.3 Probabilistic sensitivity analysis 


To cap ture the uncertainty in the health impacts related  to the input parameters, Monte Carlo 


uncertainty analysis has been undertaken to explore the range of uncertainty in the health impact 


estimates and  the health service costs comprising two levels: ind ividual level and  population level.  


Ind ividual level p robabilistic uncertainty has been explored  by sampling the primary exposure 


determinant (i.e. effect of intervention), exposure-response relationships and  utility weights for each 


health outcome and  intervention costs for a total of 100 iterations for the elderly (>65) target group. 


The number of iterations was selected  to ensure a sufficiently wide variation was captured , bu t was 


small enough to allow for computational efficiency. Population level probabilistic uncertainty has 


been explored  by sampling the health service costs, chan ge in energy costs, and  intervention costs for 


a total of 10,000 iterations. The uncertainty ranges of the population level were sampled  from the 


ind ividual level estimates for the health impacts. This two-stage uncertainty analysis provides a 


means of investigating the overall uncertainty from the ind ividual level through to the population 


level in the model. 


The end  result of the uncertainty analysis was to provide incremental cost -effectiveness scatterplots, 


with 95% confidence ellipse to assess the uncertainty in the model. In add ition, cost-effectiveness 


acceptability curves were p lotted  to demonstrate the likelihood  that interventions are cost -effective at 


a given willingness to pay threshold . 


Due to the lack of evidence, we assumed that there is no correlation between the model parameters in 


the Monte Carlo simulations. This will make the scatter plots of the incremental costs and  incremental 


effectiveness in the cost-effectiveness plane more likely to be symmetrical than their counterparts in 


other economic evaluations (e.g. in health technology assessments). In the modelling, the 


interventions costs were scaled  accord ing to the amount of material needed  and  the size of the 


technology installed  (i.e. more insulation or larger boilers for larger dwellings). However, these costs 


are independent of the potential change in exposure, which is non -linear related  to the cost of the 


intervention. Changes in temperatures are related  to the energy performance of the build ing and  the 


heating system’s ability to ma intain a temperature d ifference between the indoor and  outd oor 


environment. Changes in ventilation -related  exposures are related  to the physical build in g 


characteristics, such as size, height above ground , aperture openings, and  operations.  


 


Individual level uncertainty analysis 


Sampling of exposure determinants  


Uncertainty in the exposure-determinants (i.e. interventions) was captured  by sampling from a 


d istribution around  the mean change in the physical build ing component associated  with an 


intervention. The mean values were d erived  from the RdSAP estimates. Where no estimate of the 
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standard  error was known, a stand ard  approach of using 10% of the parameter mean for the stand ard  


error was used , following Pavey et al. (2011). Table 17 provides the input value means, stand ard  


errors and  curve type for each intervention component. Normal d istributions were used  for the 


intervention target ranges. For each d welling variant a valu e was randomly sampled  using the shape 


parameters. Due to the size of the standalone economic model (i.e. 7,000 input variants), the sampling 


was iterated  100 times. 


Normal d istributions were used  to specify the uncertainty in the exposure -determinants. For heating 


and  insulation interventions, the means were desired  target levels and  therefore likely to be normally 


d istributed . For ventilation changes, there is limited  available evidence and  therefore normal 


d istributions were also specified . 


 


Table 17 - Exposure-determinant mean values and probability sampling ranges  


Intervention Component Measure Curve Mean Standard  Error* 
Loft insulation Roof heat loss u-value normal 0.16 0.02 


Roof infiltration ACH  normal 0.1 0.01 


Cavity wall 
insulation 


Wall u-value u-value normal 0.33† 0.03 


Wall infiltration ACH  normal 0.2 0.02 


Solid  wall insulation  Wall u-value u-value normal 0.58† 0.06 


Wall infiltration ACH  normal 0.2 0.02 


Double glazing 
replacement 


Glazing u-value u-value normal 1.8 0.18 


Glazing frame infiltration  % leakage normal 0.98 0.05 


Boiler replacement Boiler % efficiency normal 90 3.00 


Gas central heating Heat system  % efficiency normal 90 3.00 


*10% of mean, with exception of glazing frame infiltration (5%) and  heat system efficiency (3%) 
†An average across SAP dwelling ages 


 


 


Sampling of exposure-response functions  


Using a similar approach to the interventions, shape parameters were defined  for each exposure - 


outcome pathway using estimates of 95% confidence intervals (CI) from the original source references, 


where available. Normal d istributions based  on the CI of the central estimates were used  for the 


relative risks; however, w here the uncertainty was great or the evidence was limited , uniform 


d istributions (i.e. uninformative prior) over an appropriate range were used . Normal d istributions 


were applied  to the relative risks associated  with card iovascular d isease, common mental d isorder, 


and  asthma. A uniform d istribution was applied  to that of COPD. 


Sampling of utility weights  


Since there is variation in the utilities within each d isease category, utility weights for morbid ity 


estimates were sampled  using uniform d istributions with +/ - 10% as the upper and  lower level 


ranges. These were applied  to CVD, stroke, heart attack, COPD, CMD, and  asthma. 


Sampling of costs 


Ind ividual-level intervention costs were sampled  using cost data for each intervention type. Gamma 


d istributions were used  for the intervention cost ranges, with stand ard  deviations d rawn fro m the 


literature where available and  +/ - 10% of the mean used  in the absence of evidence. Because costs are 


limited  to a zero lower bound ary and  are often right skewed, gamma d istributions were used  to 
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specify the uncertainty in the mean costs. 


Population level uncertainty analysis 


The ind ividual level uncertainty analysis was used  to derive uncertainty ranges around  the total 


health impacts, intervention costs, and  changes in energy demand. Normal d istributions were used  


for health impacts and  changes in energy demand  with the mean and  standard  deviation drawn from 


the ind ividual level analysis. Population level uncertainty ranges were also applied  to the  health care 


(hospital episode and  GP consultation) contact costs (by d isease, where relevant), and  fuel costs. 


Gamma d istributions were used  for health  care and  fuel costs. 


The uncertainty analysis was performed for a sample of 10,000 iterations and  was  used  in examining 


the incremental cost-effectiveness of the interventions to healthcare outcomes. Incremental cost 


effectiveness ratios (ICER) were derived  for each of the defined  perspectives. 


2.12 Internal validation 


The quality of the economic model was assessed  during its development using the following steps:  


 Regular scenario testing was performed by two independent members of the modelling team 


(i.e. not d irectly involved  in model development) to identify errors; 


 Regular assessment and  checking of model outputs was performed by the wid er modelling 


team; 


 Intermediate output results from the model (e.g. d welling permeabilities and  fabric heat 


losses, exposure changes) were compared  against available literature and  other published  


estimates (see section 3.3 Valid ation); 


 Outputs from the health impact model were continuously checked  against the (commonly 


used) IOMLIFET model, on which the calculations are based , to ensure consistency between 


the two models; 


 Pollutant exposure model runs used  CONTAMv2.4c, a valid ated  multi-zone airflow and  


pollu tant transport simulation tool (Emmerich, 2001; Haghighat and  Li, 2004; Walton and  


Dols, 2006), and  were internally valid ated  against published  sources (Shrubsole et al., 2012). 


 The energy efficiency model was parameterized  using the SAP approach and  EHS data 


(DECC et al., 2012), the ou tputs of these data were compared  against published  data in the 


Great Britain Energy Fact File (Palmer and  Cooper, 2012). 


 Extensive uncertainty and  sensitivity analyses have been performed to test the valid ity of the 


model with respect to its inpu t parameters (see sections 2.11.2-2.11.3 and  3.2.2-3.2.3) and  


several key structural assumptions (see sections 2.11.1 and  3.2.1). 
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3 Results 


3.1 Base-case analysis 


The base case analysis assumes no changes in dwelling ventilation as a resu lt of the interventions. The 


results are summarised  in the following sections. In all tables, note that negative signs ind icate 


incremental reductions/ cost savings relative to the counterfactual. 


3.1.1 Costs and benefits of household energy efficiency intervention 


Table 18 and  Table 19 summarise the modelled  costs and  benefits in the base case analysis for 


installation of home energy efficiency measures for d ifferent population subgroups  over 5 and  42 


years. 


 


 







   


   


  45 


Table 18 - Summary of base case costs and benefits for home energy efficiency intervention over 5 years 


Intervention 
All energy efficiency measures installed in eligible homes  


Description 


Time frame 5 years 5 years 5 years 5 years 5 years 


Population Households containing at least one person with: 


Target group COPD heart d isease CMD age 65 or above low income 


Number of affected  households 1,003,853 1,789,366 3,641,674 4,869,389 3,409,304 


Size of affected  population 2,211,431 2,741,572 3,965,976 7,258,132 6,168,686 


Mean changes in environmental exposures            


Standard ised  internal temperature (°C) +0.29 °C +0.35 °C +0.26 °C +0.39 °C +0.23 °C 


Mould  (% MSI > 1) -0.46% -0.54% -0.38% -0.64% -0.33% 


Intervention cost 
    


  


Number of interventions 1,778,439 3,185,491 6,713,955 8,677,392 6,126,532 


Total cost of intervention (M£) £1,382 £2,624 £5,466 £7,338 £4,893 


Energy cost 
    


  


Total change in stock energy demand (GWh/ yr) -6,199 -11,448 -23,105 -33,551 -19,502 


Total incremental energy cost (M£) -£1,192 -£2,278 -£4,344 -£6,643 -£3,860 


NHS healthcare cost 
    


  


Change in healthcare contacts 
    


  


- GP consultations -187,711 -166,243 -32,772 -675,854 -179,535 


- Hospital admissions -8,362 -7,405 -1,460 -30,107 -7,998 


Cost of healthcare contacts 
    


  


- GP consultations (M£) -£8 -£7 -£1 -£30 -£8 


- Hospital admissions (M£) -£11 -£10 -£2 -£39 -£10 


Total incremental NHS health care cost (M£) -£19 -£17 -£3 -£69 -£18 


QALYs gained           


Card iovascular  1,148 2,179 394 9,903 2,594 


Stroke 182 341 61 1,495 365 


Heart attack 177 341 60 1,620 442 


Common mental d isorders 3,735 1,637 10,732 7,485 6,618 


COPD 42,751 12,071 2,479 25,513 7,402 


Asthma (child ren) 135 19 119 84 246 


Total QALYs gained  48,129 16,588 13,845 46,100 17,668 
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Table 19 - Summary of base case costs and benefits for home energy efficiency intervention over 42 years  


Intervention 
All energy efficiency measures installed in eligible homes  


Description 


Time frame 42 years 42 years 42 years 42 years 42 years 


Population Households containing at least one person with: 


Target group COPD heart d isease CMD age 65 or above low income 


Number of affected  households 1,003,853 1,789,366 3,641,674 4,869,389 3,409,304 


Size of affected  population  2,211,431 2,741,572 3,965,976 7,258,132 6,168,686 


Mean changes in environmental exposures            


Standard ised  internal temperature (°C) +0.29 °C +0.35 °C +0.26 °C +0.39 °C +0.23 °C 


Mould  (% MSI > 1) -0.46% -0.54% -0.38% -0.64% -0.33% 


Intervention cost 
    


  


Number of interventions 1,778,439 3,185,491 6,713,955 8,677,392 6,126,532 


Total cost of intervention (M£) £11,611 £22,038 £45,913 £61,635 £41,099 


Energy cost           


Total change in stock energy demand (GWh/ yr) -6,199 -11,448 -23,105 -33,551 -19,502 


Total incremental energy cost (M£) -£9,252 -£17,680 -£33,718 -£51,558 -£29,959 


NHS healthcare cost 
    


  


Change in healthcare contacts 
    


  


- GP consultations -2,325,402 -1,998,586 -861,991 -9,363,649 -2,688,512 


- Hospital admissions -103,587 -89,029 -38,398 -417,113 -119,762 


Cost of healthcare contacts 
    


  


- GP consultations (M£) -£105 -£90 -£39 -£421 -£121 


- Hospital admissions (M£) -£132 -£115 -£50 -£535 -£154 


Total incremental NHS health care cost (M£) -£237 -£205 -£89 -£957 -£275 


QALYs gained 
    


  


Card iovascular  25,626 29,187 13,304 146,198 41,919 


Stroke 3,883 4,387 2,108 20,699 6,131 


Heart attack 4,136 4,811 2,004 24,818 6,803 


Common mental d isorders 24,208 10,607 43,032 48,504 42,887 


COPD 277,051 78,229 16,062 165,340 47,970 


Asthma (child ren) 873 126 771 544 1,597 


Total QALYs gained  335,776 127,346 77,281 406,104 147,308 
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3.1.2 Costs and benefits of fuel subsidy intervention 


Table 20 and  Table 21 summarise the results of the base case analysis for the fuel subsidy intervention 


for d ifferent population subgroups. 
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Table 20 - Summary of base case costs and benefits for fuel subsidy intervention over 5 years 


Intervention 
Fuel subsidy of £200 


Description 


Time frame 5 years 5 years 5 years 5 years 5 years 


Population Households containing at least one person with: 


Target group COPD heart d isease CMD age 65 or above low income 


Number of affected  households 1,254,640 2,199,919 4,478,555 5,906,810 4,121,007 


Size of affected  population 2,474,107 3,062,277 4,523,800 8,286,200 6,546,032 


Mean changes in environmental exposures            


Standard ised  internal temperature (°C) +0.17 °C +0.18 °C +0.16 °C +0.20 °C +0.13 °C 


Mould  (% MSI > 1) -0.27% -0.28% -0.24% -0.33% -0.20% 


Intervention cost 
    


  


Number of interventions 1,248,823 2,190,395 4,444,335 5,880,701 4,088,345 


Total cost of intervention (M£) £1,423 £2,496 £5,065 £6,701 £4,659 


Energy cost 
    


  


Total change in stock energy demand (GWh/ yr) 984 1,906 3,170 5,526 2,292 


Total incremental energy cost (M£) -£1,243 -£2,142 -£4,487 -£5,667 -£4,234 


NHS healthcare cost 
    


  


Change in healthcare contacts 
    


  


- GP consultations -144,318 -116,598 -26,561 -441,846 -116,111 


- Hospital admissions -6,429 -5,194 -1,183 -19,682 -5,172 


Cost of healthcare contacts 
    


  


- GP consultations (M£) -£6 -£5 -£1 -£20 -£5 


- Hospital admissions (M£) -£8 -£7 -£2 -£25 -£7 


Total incremental NHS health care cost (M£) -£15 -£12 -£3 -£45 -£12 


QALYs gained           


Card iovascular  912 1,466 318 6,335 1,596 


Stroke 143 229 47 960 231 


Heart attack 142 230 50 1,037 270 


Common mental d isorders 2,133 1,421 7,258 4,503 4,128 


COPD 32,282 9,829 2,151 19,755 6,548 


Asthma (child ren) 104 18 117 25 205 


Total QALYs gained  35,715 13,192 9,941 32,616 12,977 
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Table 21 - Summary of base case costs and benefits for fuel subsidy intervention over 42 years  


Intervention 
Fuel subsidy of £200 


Description 


Time frame 42 years 42 years 42 years 42 years 42 years 


Population Households containing at least one person with: 


Target group COPD heart d isease CMD age 65 or above low income 


Number of affected  households 1,254,640 2,199,919 4,478,555 5,906,810 4,121,007 


Size of affected  population  2,474,107 3,062,277 4,523,800 8,286,200 6,546,032 


Mean changes in environmental exposures  
    


  


Standard ised  internal temperature (°C) +0.17 °C +0.18 °C +0.16 °C +0.20 °C +0.13 °C 


Mould  (% MSI > 1) -0.27% -0.28% -0.24% -0.33% -0.20% 


Intervention cost 
    


  


Number of interventions 1,248,823 2,190,395 4,444,335 5,880,701 4,088,345 


Total cost of intervention (M£) £11,046 £19,374 £39,310 £52,015 £36,162 


Energy cost 
    


  


Total change in stock energy demand (GWh/ yr) 984 1,906 3,170 5,526 2,292 


Total incremental energy cost (M£) -£9,644 -£16,622 -£34,824 -£43,987 -£32,867 


NHS healthcare cost 
    


  


Change in healthcare contacts 
    


  


- GP consultations -1,709,072 -1,354,556 -582,100 -5,964,912 -1,817,559 


- Hospital admissions -76,132 -60,340 -25,930 -265,713 -80,965 


Cost of healthcare contacts 
    


  


- GP consultations (M£) -£77 -£61 -£26 -£268 -£82 


- Hospital admissions (M£) -£97 -£78 -£34 -£341 -£104 


Total incremental NHS health care cost (M£) -£174 -£139 -£60 -£609 -£186 


QALYs gained 
    


  


Card iovascular  18,594 19,296 8,846 92,087 27,867 


Stroke 2,796 2,894 1,383 12,953 4,046 


Heart attack 3,025 3,189 1,347 15,774 4,595 


Common mental d isorders 13,823 9,207 29,101 29,184 26,751 


COPD 209,203 63,696 13,940 128,024 42,436 


Asthma (child ren) 671 116 761 164 1,331 


Total QALYs gained  248,113 98,398 55,379 278,187 107,026 
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3.1.3 Combined household energy efficiency and fuel subsidy 


Table 22 and  Table 23 summarise the resu lts of the base case analysis for the fuel subsid y intervention 


for d ifferent population subgroups. 
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Table 22 - Summary of base case costs and benefits for the combined home energy efficiency and fuel subsidy intervention over 5 years  


Intervention All energy efficiency measures installed in eligible homes and fuel subsidy 
of £200 Description 


Time frame 5 years 5 years 5 years 5 years 5 years 


Population Households containing at least one person with: 


Target group COPD heart d isease CMD age 65 or above low income 


Number of affected  households 1,254,640 2,199,919 4,478,555 5,906,810 4,121,007 


Size of affected  population  2,541,705 3,176,405 4,712,212 8,512,024 6,998,593 


Mean changes in environmental exposures            


Standard ised  internal temperature (°C) +0.40 °C +0.45 °C +0.36 °C +0.51 °C +0.32 °C 


Mould  (% MSI > 1) -0.51% -0.58% -0.44% -0.70% -0.38% 


Intervention cost 
    


  


Number of interventions 3,027,262 5,375,886 11,158,290 14,558,093 10,214,877 


Total cost of intervention (M£) £2,805 £5,120 £10,530 £14,039 £9,552 


Energy cost 
    


  


Total change in stock energy demand (GWh/ yr) -5,491 -10,079 -20,862 -29,612 -17,949 


Total incremental energy cost (M£) -£2,485 -£4,520 -£9,000 -£12,608 -£8,230 


NHS healthcare cost 
    


  


Change in healthcare contacts 
    


  


- GP consultations -325,577 -277,544 -58,295 -1,096,970 -290,140 


- Hospital admissions -14,503 -12,363 -2,597 -48,866 -12,925 


Cost of healthcare contacts 
    


  


- GP consultations (M£) -£15 -£12 -£3 -£49 -£13 


- Hospital admissions (M£) -£18 -£16 -£3 -£63 -£17 


Total incremental NHS health care cost (M£) -£33 -£28 -£6 -£112 -£30 


QALYs gained           


Card iovascular  2,025 3,578 700 15,941 4,113 


Stroke 319 559 106 2,410 584 


Heart attack 314 561 108 2,608 699 


Common mental d isorders 5,777 3,002 17,643 11,771 10,538 


COPD 73,479 21,454 4,547 44,354 13,690 


Asthma (child ren) 178 27 171 90 326 


Total QALYs gained  82,092 29,182 23,276 77,174 29,950 







   


   


  52 


Table 23 - Summary of base case costs and benefits for the combined home energy efficiency and fuel subsidy intervention over 42 years  


Intervention All energy efficiency measures installed in eligible homes and fuel subsidy of 
£200 Description 


Time frame 42 years 42 years 42 years 42 years 42 years 


Population Households containing at least one person with: 


Target group COPD heart d isease CMD age 65 or above low income 


Number of affected  households 1,254,640 2,199,919 4,478,555 5,906,810 4,121,007 


Size of affected  population 2,541,705 3,176,405 4,712,212 8,512,024 6,998,593 


Mean changes in environmental exposures            


Standard ised  internal temperature (°C) +0.40 °C +0.45 °C +0.36 °C +0.51 °C +0.32 °C 


Mould  (% MSI > 1) -0.51% -0.58% -0.44% -0.70% -0.38% 


Intervention cost 
    


  


Number of interventions 3,027,262 5,375,886 11,158,290 14,558,093 10,214,877 


Total cost of intervention (M£) £22,657 £41,413 £85,224 £113,650 £77,260 


Energy cost 
    


  


Total change in stock energy demand (GWh/ yr) -5,491 -10,079 -20,862 -29,612 -17,949 


Total incremental energy cost (M£) -£19,291 -£35,084 -£69,855 -£97,857 -£63,883 


NHS healthcare cost 
    


  


Change in healthcare contacts 
    


  


- GP consultations -3,958,309 -3,290,581 -1,418,508 -15,047,896 -4,424,885 


- Hospital admissions -176,327 -146,582 -63,189 -670,323 -197,111 


Cost of healthcare contacts 
    


  


- GP consultations (M£) -£178 -£148 -£64 -£677 -£199 


- Hospital admissions (M£) -£225 -£189 -£82 -£860 -£254 


Total incremental NHS health care cost (M£) -£403 -£337 -£146 -£1,537 -£453 


QALYs gained           


Card iovascular  43,430 47,591 21,763 233,961 68,542 


Stroke 6,558 7,146 3,430 33,032 9,994 


Heart attack 7,033 7,852 3,292 39,847 11,194 


Common mental d isorders 37,437 19,457 70,744 76,285 68,293 


COPD 476,181 139,033 29,467 287,435 88,716 


Asthma (child ren) 1,156 177 1,111 581 2,114 


Total QALYs gained  571,795 221,255 129,808 671,142 248,853 
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3.1.4 Summary of incremental cost-effectiveness ratios for base case 


Table 24 and  Table 25 provide summaries of per household  costs, benefits and  ICERs over the two 


modelled  time frames for d ifferent perspectives (see section 2.1 for details)  
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Table 24 – Summary of per household costs and benefits and incremental cost-effectiveness ratios for all base case scenarios over 5 years 


5 year time horizon (per household) 


All energy efficiency interventions £200 fuel subsidy All energy efficiency interventions + £200 fuel subsidy 


COPD 
Heart 


d isease CMD Age 65+ 
Low 


income COPD 
Heart 


d isease CMD Age 65+ 
Low 


income COPD 
Heart 


d isease CMD Age 65+ 
Low 


income 


A Number of people 2.20 1.53 1.09 1.49 1.81 1.97 1.39 1.01 1.40 1.59 2.03 1.44 1.05 1.44 1.70 


B Number of interventions 1.77 1.78 1.84 1.78 1.80 1.00 1.00 0.99 1.00 0.99 2.41 2.44 2.49 2.46 2.48 


C Change in energy demand (kWh/ yr) -6,175 -6,398 -6,345 -6,890 -5,720 784 866 708 936 556 -4,377 -4,582 -4,658 -5,013 -4,355 


D Total QALYS/ 103 47.94 9.27 3.80 9.47 5.18 28.47 6.00 2.22 5.52 3.15 65.43 13.26 5.20 13.07 7.27 


 
     Cardiovascular (incl stroke + MI) 1.50 1.60 0.14 2.67 1.00 0.95 0.88 0.09 1.41 0.51 2.12 2.14 0.20 3.55 1.31 


 
     Common mental d isorders 3.72 0.91 2.95 1.54 1.94 1.70 0.65 1.62 0.76 1.00 4.60 1.36 3.94 1.99 2.56 


 
     COPD 42.59 6.75 0.68 5.24 2.17 25.73 4.47 0.48 3.34 1.59 58.57 9.75 1.02 7.51 3.32 


 
     Asthma (children) 0.13 0.01 0.03 0.02 0.07 0.08 0.01 0.03 0.00 0.05 0.14 0.01 0.04 0.02 0.08 


E Intervention costs (£) 1,377  1,466  1,501  1,507  1,435  1,134  1,135  1,131  1,135  1,131  2,236  2,327  2,351  2,377  2,318  


F Change in energy costs (£) -1,187  -1,273  -1,193  -1,364  -1,132  -990  -973  -1,002  -959  -1,028  -1,981  -2,055  -2,010  -2,134  -1,997  


G Change in NHS health care costs (£) -19  -10  -1  -14  -5  -12  -5  -1  -8  -3  -26  -13  -1  -19  -7  


Incremental cost-effectiveness ratios (£/QALY) 


  
NHS (G/ D) -£395 -£1,027 -£243 -£1,503 -£1,037 -£409 -£905 -£274 -£1,388 -£914 -£402 -£974 -£257 -£1,457 -£989 


  
Government (incl NHS+LA) (E+G)/ D £28,324 £157,137 £394,556 £157,661 £275,896 £39,437 £188,301 £509,205 £204,076 £358,089 £33,771 £174,467 £452,154 £180,456 £317,927 


  
Householder (F/ D) -£24,767 -£137,318 -£313,779 -£144,089 -£218,468 -£34,790 -£162,332 -£451,333 -£173,750 -£326,296 -£30,275 -£154,892 -£386,653 -£163,365 -£274,804 


  
Combined  (E+F+G)/ D £3,557 £19,819 £80,777 £13,572 £57,429 £4,647 £25,969 £57,872 £30,325 £31,793 £3,496 £19,575 £65,502 £17,091 £43,123 
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Table 25 – Summary of per household costs and benefits and incremental cost-effectiveness ratios for all base case scenarios over 42 years  


42 year time horizon (per household) 


All energy efficiency interventions £200 fuel subsidy All energy efficiency interventions + £200 fuel subsidy 


COPD 
Heart 


d isease CMD Age 65+ 
Low 


income COPD 
Heart 


d isease CMD Age 65+ 
Low 


income COPD 
Heart 


d isease CMD Age 65+ 
Low 


income 


A Number of people 2.20 1.53 1.09 1.49 1.81 1.97 1.39 1.01 1.40 1.59 2.03 1.44 1.05 1.44 1.70 


B Number of interventions 1.77 1.78 1.84 1.78 1.80 1.00 1.00 0.99 1.00 0.99 2.41 2.44 2.49 2.46 2.48 


C Change in energy demand (kWh/ yr) -6,175 -6,398 -6,345 -6,890 -5,720 784 866 708 936 556 -4,377 -4,582 -4,658 -5,013 -4,355 


D Total QALYS/ 103 334.49 71.17 21.22 83.40 43.21 197.76 44.73 12.37 47.10 25.97 455.74 100.57 28.98 113.62 60.39 


 
     Cardiovascular (incl stroke + MI) 33.52 21.45 4.78 39.37 16.09 19.46 11.54 2.58 20.45 8.86 45.45 28.45 6.36 51.95 21.77 


 
     Common mental d isorders 24.11 5.93 11.82 9.96 12.58 11.02 4.19 6.50 4.94 6.49 29.84 8.84 15.80 12.91 16.57 


 
     COPD 275.99 43.72 4.41 33.95 14.07 166.74 28.95 3.11 21.67 10.30 379.54 63.20 6.58 48.66 21.53 


 
     Asthma (children) 0.87 0.07 0.21 0.11 0.47 0.54 0.05 0.17 0.03 0.32 0.92 0.08 0.25 0.10 0.51 


E Intervention costs (£) £11,566 £12,316 £12,608 £12,658 £12,055 £8,804 £8,807 £8,777 £8,806 £8,775 £18,058 £18,825 £19,029 £19,241 £18,748 


F Change in energy costs (£) -£9,217 -£9,881 -£9,259 -£10,588 -£8,787 -£7,687 -£7,556 -£7,776 -£7,447 -£7,976 -£15,375 -£15,948 -£15,598 -£16,567 -£15,502 


G Change in NHS health care costs (£) -£236 -£114 -£24 -£196 -£81 -£139 -£63 -£13 -£103 -£45 -£321 -£153 -£33 -£260 -£110 


 Incremental cost-effectiveness ratios (£/QALY)               


  NHS (G/ D) -£706 -£1,608 -£1,149 -£2,355 -£1,868 -£702 -£1,410 -£1,081 -£2,189 -£1,737 -£705 -£1,523 -£1,125 -£2,290 -£1,820 


  Government (incl NHS+LA) (E+G)/ D £33,873 £171,452 £592,955 £149,417 £277,131 £43,818 £195,487 £708,765 £184,790 £336,141 £38,918 £185,648 £655,412 £167,049 £308,647 


  Householder (F/ D) -£27,555 -£138,836 -£436,308 -£126,959 -£203,376 -£38,870 -£168,931 -£628,833 -£158,119 -£307,096 -£33,737 -£158,567 -£538,142 -£145,807 -£256,712 


  
Combined (E+F+G)/ D £6,318 £32,616 £156,646 £22,458 £73,755 £4,948 £26,556 £79,931 £26,671 £29,045 £5,181 £27,081 £117,270 £21,242 £51,935 
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3.2 Uncertainty and sensitivity analyses 


3.2.1 Structural uncertainty 


Structural uncertainty 1: Inclusion of ventilation-related health effects for energy 


efficiency intervention 


The base case was repeated  but allowing for changes in dwelling ventilation due to the increased  


airtightness that would  be expected  following energy efficiency upgrades. This will affect various 


indoor exposures, includ ing indoor- and  outdoor-generated  PM2.5, environmental tobacco smoke and  


radon. Modelled  estimates of the resu lting changes in exposures, assuming no compensatory purpose -


provided  ventilation, are shown in Table 26. 


 


Table 26 - Modelled mean changes in indoor air exposures for different scenarios 


 
Mean changes in environmental exposures 


Target group: COPD Heart d isease CMD 
Age 65 or 


above 
Low income 


Base case           


Standard ised  internal temperature (°C) +0.29 °C +0.35 °C +0.26 °C +0.39 °C +0.23 °C 


Mould  (% MSI > 1) -0.46% -0.54% -0.38% -0.64% -0.33% 


PM2.5 from outdoor sources (µg/ m 3) - - - - - 


PM2.5 from indoor sources (µg/ m 3) - - - - - 


Environmental tobacco smoke* - - - - - 


Radon (Bq/ m 3) - - - - - 


Including ventilation changes           


Standard ised  internal temperature (°C) +0.32 °C +0.37 °C + 0.28 °C +0.42 °C +0.24 °C 


Mould  (% MSI > 1) +1.00% +0.85% +1.02% +0.78% +1.26% 


PM2.5 from outdoor sources (µg/ m 3) -0.51 -0.52 -0.53 -0.53 -0.52 


PM2.5 from indoor sources (µg/ m 3) +0.65 +0.67 +0.67 +0.71 +0.69 


Environmental tobacco smoke* +0.06 +0.04 +0.11 +0.04 +0.10 


Radon (Bq/ m 3) +5.69 +5.62 +6.08 +5.65 +6.49 


* Units relative to national baseline = 1 


 


Includ ing these ventilation-related  exposures leads to similar modest increases in the indoor winter 


temperatures as in the base case scenario. However, there is now an increase in mould  levels in the 


housing stock since the reduced  ventilation outweighs the increased  temperatures. The increased  


airtightness protects against the ingress of external PM 2.5. However, our model suggests that this is 


outweighed  by increased  PM 2.5 from indoor sources (e.g. cooking) and  there is thus an increase in 


average exposure overall. Similarly, exposures to ETS (in smoking households) and  rad on would  be 


likely to increase. 


 







   


   


  57 


Table 27 - Results of home energy efficiency intervention without (base case) and with inclusion of ventilation-related health impacts over 42 years 


    
All energy efficiency interventions 


  All energy efficiency interventions (with reduced 
ventilation) 


 
 


 


  
COPD Heart CMD Age 65+ Low 


 
COPD Heart CMD Age 65+ Low 


42 year time horizon (per household)   d isease     income     d isease     income 


A Number of people 2.20 1.53 1.09 1.49 1.81 
 


2.55 1.80 1.47 1.74 2.52 


B Number of interventions 1.77 1.78 1.84 1.78 1.80 
 


1.77 1.78 1.84 1.78 1.80 


C Change in energy demand (kWh/ yr) -6,175 -6,398 -6,345 -6,890 -5,720 
 


-6,910 -7,161 -7,178 -7,682 -6,463 


D Total QALYS/ 103 334.49 71.17 21.22 83.40 43.21 
 


315.64 57.04 13.03 54.66 16.85 


 
Card iovascular (incl MI + stroke) 33.52 21.45 4.78 39.37 16.09 


 
22.05 15.95 1.56 30.83 8.11 


 
Common mental d isorders 24.11 5.93 11.82 9.96 12.58 


 
25.78 6.34 12.57 10.62 13.17 


 
COPD 275.99 43.72 4.41 33.95 14.07 


 
291.12 46.10 4.74 35.80 14.73 


 
Asthma (child ren) 0.87 0.07 0.21 0.11 0.47 


 
-1.17 -0.41 -1.10 -0.14 -1.60 


 
Card iopulmonary - - - - - 


 
-16.66 -8.72 -3.27 -20.10 -13.49 


 
Lung cancer - - - - - 


 
-5.47 -2.21 -1.47 -2.35 -4.06 


E Intervention costs (£) £11,566 £12,316 £12,608 £12,658 £12,055 
 


£11,566 £12,316 £12,608 £12,658 £12,055 


F Change in energy costs (£) -£9,217 -£9,881 -£9,259 -£10,588 -£8,787 
 


-£10,418 -£11,135 -£10,563 -£11,899 -£10,059 


G Change in NHS health care costs (£) -£236 -£114 -£24 -£196 -£81 
 


-£57 -£26 £21 -£38 £57 


       Incremental cost-effectiveness ratios (£/QALY) 


  NHS (G/ D) -£706 -£1,608 -£1,149 -£2,355 -£1,868   -£180 -£458 £1,592 -£694 £3,360 


  Government (incl NHS+LA) (E+G)/ D £33,873 £171,452 £592,955 £149,417 £277,131   £36,463 £215,454 £969,315 £230,876 £718,808 


  Householder (F/ D) -£27,555 -£138,836 -£436,308 -£126,959 -£203,376   -£33,006 -£195,205 -£810,785 -£217,692 -£596,977 


  Combined  (E+F+G)/ D £6,318 £32,616 £156,646 £22,458 £73,755   £3,457 £20,249 £158,530 £13,184 £121,831 
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The results demonstrate how important these ventilation -related  outcomes may be (in particu lar over 


the longer term) for both  health and  the cost-effectiveness of energy efficiency measures. The 


incremental change in QALYs remains positive because of the large impacts on COPD due to 


increased  temperatures. However, the exact relationship between changes in indoor temperature and  


COPD is highly uncertain (see 3.5 Interpretation of economic evidence). Without the large COPD 


impacts, the change in QALYs over the period  would  be likely to be negative. Even under the 


assumptions made here, for all target groups, the energy efficiency interventions becomes less cost -


effective once ventilation-related  changes are included . 


Any change in ventilation is potentially important for health. However, the balance between 


potentially adverse and  beneficial effects depends on the specific characteristics of the dwelling, its 


location, and  its occupants. For illustrative purposes, we have considered  here an extreme scenario in 


which no compensatory purpose-provided  ventilation is installed  in combination with the efficiency 


measures. Although unrealistic, it has been used  here to demonstrate the principle and  the potential 


issues. In reality, a level of add itional ventilation is likely (though the exact level  of compensation is 


uncertain). 


Structural uncertainty 2: Duration of CMD impacts 


The base case results demonstrated  that, under the assumptions used , the morbid ity impacts make up 


a substantial proportion of the total health impact. Here, an alternative assumption has been tested  


regard ing the persistence of CMD impacts over time when interventions are targeted  at those with 


CMD (that CMD impacts persist for the entire duration of the modelled  time frame). The results 


confirm, as expected , that the interventions targeted  at CMD would  become more cost-effective if 


these impacts d id  not d iminish over time (Table 28). 
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Table 28 – Results of interventions targeted at CMD under different assumptions regarding persistence of CMD impacts over 42 years 


    Home energy efficiency   Fuel subsidy of £200   Home energy efficiency and 
fuel subsidy of £200 


    


 42 year time horizon (per household) Base case CMD Increased  CMD  Base case CMD Increased  CMD  Base case CMD Increased  CMD 


A Number of people 1.09 1.09  1.01 1.01  1.05 1.05 


B Number of interventions 1.84 1.84  0.99 0.99  2.49 2.49 


C Change in energy demand (kWh/ yr) -6,345 -6,345  708 708  -4,658 -4,658 


D Total QALYS/ 103 21.22 51.36  12.37 28.94  28.98 69.27 


 Card iovascular (incl. heart attack + stroke) 4.78 4.78  2.58 2.58  6.36 6.36 


 Common mental d isorders 11.82 41.95  6.50 23.07  15.80 56.08 


 COPD 4.41 4.41  3.11 3.11  6.58 6.58 


 Asthma (child ren) 0.21 0.21  0.17 0.17  0.25 0.25 


E Intervention costs (£) £12,608 £12,608  £8,777 £8,777  £19,029 £19,029 


F Change in energy costs (£) -£9,259 -£9,259  -£7,776 -£7,776  -£15,598 -£15,598 


G Change in NHS health care costs (£) -£24 -£25  -£13 -£14  -£33 -£33 


  Incremental cost-effectiveness ratios (£/QALY)                 


  NHS (G/ D) -£1,149 -£487   -£1,081 -£474   -£1,125 -£483 


  Government (incl NHS+LA) (E+G)/ D £592,955 £245,005   £708,765 £302,861   £655,412 £274,234 


  Householder (F/ D) -£436,308 -£180,289   -£628,833 -£268,716   -£538,142 -£225,176 


  Combined  (E+F+G)/ D £156,646 £64,716   £79,931 £34,145   £117,270 £49,058 
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Structural uncertainty 3: Loss of life expectancy for cold-related deaths 


Analysis of modelled  changes in life expectancy under d ifferent assumptions about the concentration 


of CVD risk in the population was presented  earlier in Table 16, demonstrating how concentrating 


CVD risk in an increasingly small population subgroup would  reduce the life expectancy of those 


people, relative to average life expectancy. We tested  the sensitivity of the base case results to d ifferent 


sizes of this ‘high risk’ group to cold -related  card iovascular death  (Table 29 to Table 31). The overall 


QALYs appear to be relatively insensitive to these assumptions. 
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Table 29 – Results of interventions with 10% of population assumed to be at ‘high risk’ to cold-related cardiovascular death over 42 years 


    
All energy efficiency interventions 


  
Fuel subsidy of £200 


 
 


 


  
COPD Heart CMD Age 65+ Low 


 
COPD Heart CMD Age 65+ Low 


42 year time horizon (per household)   d isease     income     d isease     income 


A Number of people 2.20 1.53 1.09 1.49 1.81 
 


1.97 1.39 1.01 1.40 1.59 


B Number of interventions 1.77 1.78 1.84 1.78 1.80 
 


1.00 1.00 0.99 1.00 0.99 


C Change in energy demand (kWh/ yr) -6,175 -6,398 -6,345 -6,890 -5,720 
 


784 866 708 936 556 


D Total QALYS/ 103 317.73 60.44 18.83 63.71 35.16 
 


188.03 38.96 11.07 36.87 21.54 


 
Card iovascular (incl MI + stroke) 16.76 10.73 2.39 19.69 8.04 


 
9.73 5.77 1.29 10.23 4.43 


 
Common mental d isorders 24.11 5.93 11.82 9.96 12.58 


 
11.02 4.19 6.50 4.94 6.49 


 
COPD 275.99 43.72 4.41 33.95 14.07 


 
166.74 28.95 3.11 21.67 10.30 


 
Asthma (child ren) 0.87 0.07 0.21 0.11 0.47 


 
0.54 0.05 0.17 0.03 0.32 


E Intervention costs (£) £11,566 £12,316 £12,608 £12,658 £12,055 
 


£8,804 £8,807 £8,777 £8,806 £8,775 


F Change in energy costs (£) -£9,217 -£9,881 -£9,259 -£10,588 -£8,787 
 


-£7,687 -£7,556 -£7,776 -£7,447 -£7,976 


G Change in NHS health care costs (£) -£156 -£63 -£13 -£103 -£42 
 


-£92 -£36 -£7 -£55 -£24 


       Incremental cost-effectiveness ratios (£/QALY) 


  NHS (G/ D) -£491 -£1,047 -£686 -£1,616 -£1,207   -£491 -£912 -£649 -£1,480 -£1,116 


  Government (incl NHS+LA) (E+G)/ D £35,911 £202,723 £668,861 £197,049 £341,624   £46,333 £225,137 £792,051 £237,363 £406,239 


  Householder (F/ D) -£29,008 -£163,473 -£491,714 -£166,186 -£249,905   -£40,882 -£193,943 -£702,231 -£201,977 -£370,243 


  Combined  (E+F+G)/ D £6,903 £39,251 £177,147 £30,864 £91,719   £5,451 £31,194 £89,820 £35,386 £35,996 
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Table 30 – Results of interventions with 5% of population assumed to be at ‘high risk’ to cold-related cardiovascular death over 42 years 


    
All energy efficiency interventions 


  
Fuel subsidy of £200 


 
 


 


  
COPD Heart CMD Age 65+ Low 


 
COPD Heart CMD Age 65+ Low 


42 year time horizon (per household)   d isease     income     d isease     income 


A Number of people 2.20 1.53 1.09 1.49 1.81 
 


1.97 1.39 1.01 1.40 1.59 


B Number of interventions 1.77 1.78 1.84 1.78 1.80 
 


1.00 1.00 0.99 1.00 0.99 


C Change in energy demand (kWh/ yr) -6,175 -6,398 -6,345 -6,890 -5,720 
 


784 866 708 936 556 


D Total QALYS/ 103 313.71 57.87 18.26 58.99 33.23 
 


185.69 37.58 10.76 34.41 20.48 


 
Card iovascular (incl MI + stroke) 12.74 8.15 1.82 14.96 6.11 


 
7.39 4.38 0.98 7.77 3.37 


 
Common mental d isorders 24.11 5.93 11.82 9.96 12.58 


 
11.02 4.19 6.50 4.94 6.49 


 
COPD 275.99 43.72 4.41 33.95 14.07 


 
166.74 28.95 3.11 21.67 10.30 


 
Asthma (child ren) 0.87 0.07 0.21 0.11 0.47 


 
0.54 0.05 0.17 0.03 0.32 


E Intervention costs (£) £11,566 £12,316 £12,608 £12,658 £12,055 
 


£8,804 £8,807 £8,777 £8,806 £8,775 


F Change in energy costs (£) -£9,217 -£9,881 -£9,259 -£10,588 -£8,787 
 


-£7,687 -£7,556 -£7,776 -£7,447 -£7,976 


G Change in NHS health care costs (£) -£137 -£51 -£10 -£81 -£33 
 


-£81 -£29 -£6 -£43 -£19 


       Incremental cost-effectiveness ratios (£/QALY) 


  NHS (G/ D) -£436 -£881 -£557 -£1,365 -£1,000   -£437 -£770 -£529 -£1,247 -£927 


  Government (incl NHS+LA) (E+G)/ D £36,433 £211,953 £690,037 £213,212 £361,748   £46,975 £233,607 £815,017 £254,630 £427,575 


  Householder (F/ D) -£29,380 -£170,745 -£507,171 -£179,496 -£264,424   -£41,396 -£201,088 -£722,470 -£216,382 -£389,463 


  Combined  (E+F+G)/ D £7,053 £41,209 £182,866 £33,716 £97,324   £5,579 £32,519 £92,547 £38,248 £38,111 
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Table 31 – Results of interventions with 1% of population assumed to be at ‘high risk’ to cold-related cardiovascular death over 42 years 


    
All energy efficiency interventions 


  
Fuel subsidy of £200 


 
 


 


  
COPD Heart CMD Age 65+ Low 


 
COPD Heart CMD Age 65+ Low 


42 year time horizon (per household)   d isease     income     d isease     income 


A Number of people 2.20 1.53 1.09 1.49 1.81 
 


1.97 1.39 1.01 1.40 1.59 


B Number of interventions 1.77 1.78 1.84 1.78 1.80 
 


1.00 1.00 0.99 1.00 0.99 


C Change in energy demand (kWh/ yr) -6,175 -6,398 -6,345 -6,890 -5,720 
 


784 866 708 936 556 


D Total QALYS/ 103 308.01 54.22 17.44 52.30 30.50 
 


182.38 35.61 10.32 30.94 18.97 


 
Card iovascular (incl MI + stroke) 7.04 4.50 1.00 8.27 3.38 


 
4.09 2.42 0.54 4.30 1.86 


 
Common mental d isorders 24.11 5.93 11.82 9.96 12.58 


 
11.02 4.19 6.50 4.94 6.49 


 
COPD 275.99 43.72 4.41 33.95 14.07 


 
166.74 28.95 3.11 21.67 10.30 


 
Asthma (child ren) 0.87 0.07 0.21 0.11 0.47 


 
0.54 0.05 0.17 0.03 0.32 


E Intervention costs (£) £11,566 £12,316 £12,608 £12,658 £12,055 
 


£8,804 £8,807 £8,777 £8,806 £8,775 


F Change in energy costs (£) -£9,217 -£9,881 -£9,259 -£10,588 -£8,787 
 


-£7,687 -£7,556 -£7,776 -£7,447 -£7,976 


G Change in NHS health care costs (£) -£110 -£34 -£6 -£49 -£20 
 


-£65 -£20 -£4 -£26 -£12 


       Incremental cost-effectiveness ratios (£/QALY) 


  NHS (G/ D) -£356 -£619 -£360 -£932 -£663   -£359 -£550 -£348 -£854 -£623 


  Government (incl NHS+LA) (E+G)/ D £37,195 £226,529 £722,422 £241,108 £394,620   £47,914 £246,734 £849,913 £283,781 £461,894 


  Householder (F/ D) -£29,923 -£182,228 -£530,809 -£202,469 -£288,140   -£42,147 -£212,162 -£753,223 -£240,701 -£420,379 


  Combined  (E+F+G)/ D £7,271 £44,301 £191,613 £38,639 £106,480   £5,767 £34,573 £96,690 £43,080 £41,514 
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3.2.2 Deterministic sensitivity analyses 


In the following sensitivity analyses, we do not tabulate all combinations of interventions, target 


groups and  time frames in each case but show illustrative examples to demonstrate the general 


patterns. 


Deterministic sensitivity 1: Inclusion of solid wall insulation in home energy 


efficiency intervention 


Since solid  wall insu lation is relatively more expensive than the other modelled  energy efficiency 


measures, the base case energy efficiency intervention was repeated  but w ith solid  wall insu lation 


omitted . The results suggest that the intervention would  indeed  become marginally more cost -


effective without this measure (Table 32). 
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Table 32 – Base case home energy efficiency intervention results with and without inclusion of solid wall insulation over 42 years 


    
All energy efficiency interventions 


  Energy efficiency interventions excluding solid wall 
insulation 


 
 


 


  
COPD Heart CMD Age 65+ Low 


 
COPD Heart CMD Age 65+ Low 


42 year time horizon (per household)   d isease     income     d isease     income 


A Number of people 2.20 1.53 1.09 1.49 1.81 
 


2.27 1.46 1.09 1.46 1.74 


B Number of interventions 1.77 1.78 1.84 1.78 1.80 
 


1.61 1.59 1.61 1.61 1.61 


C Change in energy demand (kWh/ yr) -6,175 -6,398 -6,345 -6,890 -5,720 
 


-4,968 -4,976 -4,775 -5,432 -4,455 


D Total QALYS/ 103 334.49 71.17 21.22 83.40 43.21 
 


273.56 57.70 16.25 67.15 36.54 


 
Card iovascular (incl MI + stroke) 33.52 21.45 4.78 39.37 16.09 


 
27.28 16.77 3.73 31.20 13.15 


 
Common mental d isorders 24.11 5.93 11.82 9.96 12.58 


 
15.41 5.03 9.02 7.33 10.29 


 
COPD 275.99 43.72 4.41 33.95 14.07 


 
229.95 35.82 3.34 28.50 12.64 


 
Asthma (child ren) 0.87 0.07 0.21 0.11 0.47 


 
0.92 0.08 0.15 0.12 0.46 


E Intervention costs (£) £11,566 £12,316 £12,608 £12,658 £12,055 
 


£9,234 £9,628 £9,576 £10,029 £9,405 


F Change in energy costs (£) -£9,217 -£9,881 -£9,259 -£10,588 -£8,787 
 


-£7,341 -£7,403 -£6,915 -£8,156 -£6,689 


G Change in NHS health care costs (£) -£236 -£114 -£24 -£196 -£81 
 


-£193 -£90 -£19 -£156 -£66 


       Incremental cost-effectiveness ratios (£/QALY) 


  NHS (G/ D) -£706 -£1,608 -£1,149 -£2,355 -£1,868   -£707 -£1,558 -£1,168 -£2,324 -£1,814 


  Government (incl NHS+LA) (E+G)/ D £33,873 £171,452 £592,955 £149,417 £277,131   £33,048 £165,323 £588,044 £147,025 £255,556 


  Householder (F/ D) -£27,555 -£138,836 -£436,308 -£126,959 -£203,376   -£26,836 -£128,319 -£425,437 -£121,455 -£183,046 


  Combined  (E+F+G)/ D £6,318 £32,616 £156,646 £22,458 £73,755   £6,211 £37,004 £162,607 £25,570 £72,511 
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Deterministic sensitivity 2: Baseline energy efficiency (low SAP) 


The base case analysis was repeated  bu t targeted  only at energy inefficient dwellings, identified  as 


being in the lowest quartile of SAP-rating. The resu lts are presented  in  Table 33. In general, the 


modelled  temperature increases achieved  through energy efficiency interventions  for the energy 


inefficient dwellings were greater than those for the general stock (not tabulated). As such, the 


interventions appear to be more cost-effective when targeted  at low energy efficiency dwellings. 
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Table 33 – Base case results targeted at low energy efficiency dwellings  (SAP < 30) over 42 years 


    
All energy efficiency interventions 


  
Fuel subsidy of £200 


 
 


 


  
COPD Heart CMD Age 65+ Low 


 
COPD Heart CMD Age 65+ Low 


42 year time horizon (per household)   d isease     income     d isease     income 


A Number of people 1.81 1.42 1.38 1.39 1.61 
 


1.70 1.19 1.18 1.29 1.30 


B Number of interventions 2.63 2.94 3.31 2.63 2.88 
 


0.99 1.00 1.00 0.99 0.99 


C Change in energy demand (kWh/ yr) -7,625 -9,843 -10,459 -10,049 -7,092 
 


770 812 949 803 519 


D Total QALYS/ 103 603.38 139.59 64.27 154.53 102.28 
 


174.05 33.23 13.08 31.72 18.29 


 
Card iovascular (incl MI + stroke) 61.36 46.06 19.57 74.88 39.44 


 
17.38 8.15 3.12 13.43 6.87 


 
Common mental d isorders 23.30 0.00 43.09 29.07 51.57 


 
4.63 0.00 9.08 3.55 8.03 


 
COPD 518.72 93.54 1.60 50.58 11.26 


 
152.05 25.08 0.88 14.75 3.39 


 
Asthma (child ren) 0.00 0.00 0.00 0.00 0.00 


 
0.00 0.00 0.00 0.00 0.00 


E Intervention costs (£) £20,553 £25,627 £24,133 £24,048 £22,347 
 


£8,791 £8,807 £8,816 £8,792 £8,773 


F Change in energy costs (£) -£18,074 -£24,280 -£18,847 -£23,483 -£18,011 
 


-£7,328 -£7,194 -£7,274 -£7,152 -£7,749 


G Change in NHS health care costs (£) -£436 -£245 -£96 -£370 -£192 
 


-£125 -£46 -£15 -£68 -£34 


       Incremental cost-effectiveness ratios (£/QALY) 


  NHS (G/ D) -£722 -£1,756 -£1,488 -£2,396 -£1,877   -£717 -£1,376 -£1,179 -£2,137 -£1,844 


  Government (incl NHS+LA) (E+G)/ D £33,340 £181,824 £374,027 £153,227 £216,618   £49,792 £263,706 £672,637 £275,000 £477,924 


  Householder (F/ D) -£29,954 -£173,936 -£293,261 -£151,969 -£176,106   -£42,102 -£216,522 -£555,998 -£225,444 -£423,760 


  Combined  (E+F+G)/ D £3,387 £7,888 £80,767 £1,258 £40,513   £7,690 £47,184 £116,639 £49,556 £54,163 
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Deterministic sensitivity 3: Level of subsidy in fuel subsidy intervention 


The base case fuel subsidy intervention was repeated  but with the amount of the subsidy decreased  to 


£100 and  increased  to £200 (Table 34). The QALYs increased  and  decreased  approximately in 


proportion to the amount of the subsid y and , hence, so d id  ICERs. 
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Table 34 – Base case fuel subsidy intervention results for £100 and £400 subsidies  over 42 years 


    
Fuel subsidy of £100 


  
Fuel subsidy of £400 


 
 


 


  
COPD Heart CMD Age 65+ Low 


 
COPD Heart CMD Age 65+ Low 


42 year time horizon (per household)   d isease     income     d isease     income 


A Number of people 2.02 1.43 1.05 1.44 1.66 
 


1.85 1.36 0.96 1.36 1.48 


B Number of interventions 1.00 1.00 0.99 1.00 0.99 
 


1.00 1.00 0.99 1.00 0.99 


C Change in energy demand (kWh/ yr) 421 457 381 488 306 
 


1,307 1,504 1,164 1,653 884 


D Total QALYS/ 103 111.56 25.31 6.99 25.98 15.29 
 


303.05 69.32 18.93 74.57 36.39 


 
Card iovascular (incl MI + stroke) 10.90 6.36 1.44 11.08 5.07 


 
30.06 18.54 4.02 33.53 13.10 


 
Common mental d isorders 6.28 2.40 3.71 2.68 3.85 


 
17.14 6.42 9.71 8.06 9.06 


 
COPD 94.03 16.50 1.74 12.21 6.18 


 
255.09 44.30 5.01 32.92 13.82 


 
Asthma (child ren) 0.35 0.05 0.11 0.01 0.18 


 
0.76 0.05 0.19 0.06 0.40 


E Intervention costs (£) £4,402 £4,403 £4,389 £4,403 £4,387 
 


£17,608 £17,614 £17,555 £17,612 £17,550 


F Change in energy costs (£) -£3,803 -£3,745 -£3,850 -£3,696 -£3,949 
 


-£15,737 -£15,425 -£15,898 -£15,195 -£16,268 


G Change in NHS health care costs (£) -£78 -£35 -£7 -£56 -£26 
 


-£214 -£101 -£21 -£168 -£66 


       Incremental cost-effectiveness ratios (£/QALY) 


  NHS (G/ D) -£698 -£1,379 -£1,065 -£2,154 -£1,695   -£705 -£1,453 -£1,099 -£2,257 -£1,823 


  Government (incl NHS+LA) (E+G)/ D £38,761 £172,588 £626,627 £167,332 £285,313   £57,398 £252,637 £926,032 £233,914 £480,452 


  Householder (F/ D) -£34,089 -£147,943 -£550,666 -£142,274 -£258,331   -£51,928 -£222,524 -£839,645 -£203,756 -£447,060 


  Combined  (E+F+G)/ D £4,671 £24,646 £75,961 £25,058 £26,982   £5,470 £30,113 £86,387 £30,158 £33,391 
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Deterministic sensitivity 4: Discount rate of 3.5% 


The base case scenarios were repeated  with the d iscount rate for all costs and  QALYs increased  from 


1.5% to 3.5%. Cost-effectiveness is reduced  considerably for the home energy efficiency intervention in 


this alternative scenario (Table 35). However, the fuel subsidy remains relatively unchanged  despite 


the reduced  intervention cost. 
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Table 35 – Base case results with discount rate increased to 3.5% for all costs and benefits  over 42 years 


    
All energy efficiency interventions 


  
Fuel subsidy of £200 


 
 


 


  
COPD Heart CMD Age 65+ Low 


 
COPD Heart CMD Age 65+ Low 


42 year time horizon (per household)   d isease     income     d isease     income 


A Number of people 2.20 1.53 1.09 1.49 1.81 
 


1.97 1.39 1.01 1.40 1.59 


B Number of interventions 1.77 1.78 1.84 1.78 1.80 
 


1.00 1.00 0.99 1.00 0.99 


C Change in energy demand (kWh/ yr) -6,175 -6,398 -6,345 -6,890 -5,720 
 


784 866 708 936 556 


D Total QALYS/ 103 238.99 51.03 15.22 60.32 30.64 
 


141.46 32.10 8.88 34.11 18.43 


 
Card iovascular (incl MI + stroke) 22.78 15.32 3.04 28.69 11.16 


 
13.38 8.25 1.66 14.97 6.14 


 
Common mental d isorders 17.32 4.26 8.86 7.16 9.04 


 
7.91 3.01 4.87 3.55 4.66 


 
COPD 198.26 31.41 3.17 24.39 10.11 


 
119.78 20.80 2.24 15.57 7.40 


 
Asthma (child ren) 0.62 0.05 0.15 0.08 0.34 


 
0.38 0.04 0.12 0.02 0.23 


E Intervention costs (£) £14,499 £15,491 £15,970 £15,936 £15,264 
 


£6,248 £6,250 £6,230 £6,250 £6,228 


F Change in energy costs (£) -£6,541 -£7,013 -£6,571 -£7,515 -£6,237 
 


-£5,456 -£5,363 -£5,519 -£5,285 -£5,660 


G Change in NHS health care costs (£) -£164 -£82 -£16 -£143 -£56 
 


-£97 -£45 -£9 -£75 -£31 


       Incremental cost-effectiveness ratios (£/QALY) 


  NHS (G/ D) -£684 -£1,603 -£1,028 -£2,373 -£1,831   -£685 -£1,407 -£973 -£2,211 -£1,700 


  Government (incl NHS+LA) (E+G)/ D £59,981 £301,954 £1,048,328 £261,814 £496,273   £43,487 £193,320 £700,213 £181,018 £336,237 


  Householder (F/ D) -£27,370 -£137,413 -£431,802 -£124,579 -£203,513   -£38,566 -£167,069 -£621,162 -£154,948 -£307,149 


  Combined  (E+F+G)/ D £32,611 £164,540 £616,526 £137,235 £292,760   £4,921 £26,250 £79,051 £26,070 £29,088 
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3.2.3 Probabilistic sensitivity analysis 


The results of the probabilistic sensitivity analyses are presented  below. The analyses focused  on a 


single target group, chosen to be households with occupants aged  >64 years. The intervention s 


examined  include all major energy efficiency retrofits (loft and  wall insulation, double glazing 


upgrade, condensing boiler and  gas central heating installation), where eligible.  


In each analysis, two plots are shown. The first shows the scatter plot of the incremental costs and  


incremental benefits in  the cost-effectiveness plane. The second  plot shows the cost-effectiveness 


acceptability curve (CEAC) which is the probability that the intervention is cost -effective at d ifferent 


willingness to pay thresholds. In general, one expects the bound ary of the scatter plots to be 


ellipsoidal and  the axes of the ellipse not to be perpendicular to the axes of the cost -effectiveness 


plane. However, in situations where the uncertainty in the parameters in the Monte Ca rlo simulations 


are represented  by symmetrical d istributions (such as normal and  uniform d istributions) and  the cost 


and  cost-effectiveness calculations are approximately linear in the range analysed , the bound aries of 


the scatter plots tend  to be nearly circular. 


 


NHS perspective 


Here, there are no interventions costs, only reduced  health care costs, so ICERs are all negative. Figure 


5 shows the resu lts of the simulation and  the willingness to pay and  its probability of being cost 


effective as both 1 (i.e. always being cost effective as the costs are negative).  


 


 


Figure 5 – Incremental cost-effectiveness scatterplots and cost-effectiveness acceptability curves for NHS 
perspective 


 


 


Government (including NHS and local authorities) perspective 


Figure 6 shows that a willingness to pay of £150,000 offers a 50% probability of being cost-effective, 


with a tight range of +/ - £15,000 within 5% and  95% probability of being cost-effective. In this 


situation, the costs are assumed to accrue to the NHS and  local authorities. 







   


   


  73 


 


 


Figure 6 - Incremental cost-effectiveness scatterplots and cost-effectiveness acceptability curves for 
Government (including NHS and local authorities) perspective  


 


Householder perspective 


In this situation, costs are assumed to accrue to the householder in terms of energy savings but there is 


no associated  intervention cost, since the householder receives a complete subsidy for the cost of the 


intervention. The cost-effectiveness ratio is negative and  the acceptability curve is always equal to 1 


(Figure 7). 


 


 


Figure 7 - Incremental cost-effectiveness scatterplots and cost-effectiveness acceptability curves for 
Householder perspective 


Combined (Government + householder) perspective 


Figure 8 shows that a willingness to pay of £15,000 offers a 50% probability of being cost-effective, 


with a tight range of +/ - £15,000 within 5% and  95% probability of being cost-effective. In this 


situation, the intervention costs are assumed to accrue to a number of d ifferent parties (includ ing local 


government) and  NHS cost savings and  household  energy savings are also includ ed . 
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Figure 8 - Incremental cost-effectiveness scatterplots and cost-effectiveness acceptability curves for Combined 
(Government + householder) perspective 


 


3.3 Validation 


The outputs of the economic model have been valid ated  in various ways. The modelled  estimates for 


the base case energy performance were compared  against observed  national and  sample stock 


d istributions to check the accuracy of the model outputs, see Table 36 (Hong et al., 2006, 2004; 


Oreszczyn et al., 2006a, 2006b; Stephen, 1998). The modelled  average dwelling fabric heat loss is 274 


W/ K and  is greater than both Warm Front and  national modelled  estimates, 18% and  25% 


respectively (DECC, 2012b; Hong et al., 2006). The modelled  average heat system efficiency is 76% 


compared  to national estimates of 74% (Utley and  Shorrock, 2008).  


The modelled  average English dwelling permeability is 14 m 3 m -2 hr -1 compared  to 17 m 3 m -2 hr -1 in 


Warm Front and  14 m 3 m -2 hr -1 from an observed  national survey (Hong et al., 2004; Stephen, 1998). 


The modelled  English dwelling exposure concentrations (ETS, PM 2.5, rad on, temperature and  mould ) 


were compared  with relevant observed  surveys and  found  to be very close or within a range in all 


cases but mould , see Table 37 (Dimitroulopoulou et al., 2006; Gray et al., 2009; Hänninen et al., 2004; 


ONS, 2008; OPDM, 1998; Oreszczyn et al., 2006a, 2006b; Shrubsole et al., 2012). 


 


Table 36 - Comparison of modelled English housing stock building performance and values from Warm Front 
and national estimates (DECC) and surveys (Stephen, 2000) 


 
Modelled  Warm Fronta National 


Build ing Performance Mean Mean Source Mean Source 


Fabric heat loss (W/ K) 274 224 Oreszczyn et al. 2006 203.8 DECC, 2012 


Heat system efficiency (%) 76% 67% Hong et al. 2009 74% DECC, 2008 


Permeability (m 3m -2hr -1) 13.8 17.2 Hong et al. 2006 13.9 Stephen, 2000 


Note: aWarm Front Study 
 


 


Table 37 - Comparison of modelled English housing stock exposure concentrations and observed survey or 
estimates of concentrations in houses 


Exposures Modelled  Comparison Source 


Temperature - living room (°C) 18.6 17.9 - 19.1 Hong et al. 2006, OPDM 1998 
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Temperature - bedroom (°C) 17.1 15.9 - 18.5 Hong et al. 2006, OPDM 1998 


Indoor PM2.5
a (μg/ m 2) 17 17 - 25 


Hanninan et al. 2004, Dimitroupolou 
et al. 2006 


Indoor PM2.5
b 10.9 9.3* Shrubsole et al. 2012 


Outdoor PM2.5 6.1 6.1* Shrubsole et al. 2012 


Radon (Bq/ m 3) 26.2 21 Gray et al. 2009 


Mould  (% with MSI >1) 11.5 14.6 - 21.2 OPDM 1998, Oreszczyn et al. 2006 


% of homes with smoker 21.2 21 ONS 2008 
Note: a) Weighted  average values of kitchen (10%), lounge (45%) and  bedroom (45%); b) Indoor sources of 
PM2.5 relate to cooking only with an emission rate of 1.6 μg/ min; * Ind icates modelled  estimate. 


 


 


The exposure pollutant model CONTAM has been validated  throughout its development (Emmerich, 


2001) for use in multi-zonal airflow and  contaminant modelling. The stock-level exposures derived  by 


the model are valid ated  where possible against measurements of exposures in the English stock. The 


d istribution of radon exposures is scaled  by ad justing the pr oportion of the stock in regions with low, 


medium, and  high rad on emission rates to match the d istribution evaluated  by (Gray et al., 2009). The 


proportion of the modelled  stock with a mould  severity index greater than 1 is similar to that 


measured  in d wellings as part of the Warm Front Study (Oreszczyn et al., 2006b) and  the modelled  


stock-level PM2.5 concentration is in broad  agreement with measured  values (Hänninen et al., 2004). 


3.4 Interpretation of economic evidence, including subgroup analysis 


The modelling of the health impact of home energy efficiency measures and  their economic 


assessment relies on a chain of models each of which has multiple assumptions and  sources of 


uncertainty. Results should  therefore be interpreted  as ind icative only and  in  most cases are more 


interpretable with respect to the relative patterns of change than for the absolute estimates of impact 


and  cost. 


 


3.4.1 Home energy efficiency  


The key results of the home energy efficiency intervention are as follows: 


(1) With regard  to targeting, household s containing at least one person with COPD or at least 


one person with heart d isease represent fairly small target  populations (1 million and  1.8 


million dwellings, respectively), while households containing someone with CMD 


represent around  3.6 million homes. Households containing at least one person aged  65 


years or more and  those in the bottom quintile of the household  income d istribution 


represent appreciably larger target  groups (4.9 and  3.4 million d wellings, respectively). It 


is worth noting that these target groups are not fixed  in relation to the dwelling . People 


moving home, the aging of families within a given  home, and  changes in health status 


over time mean that interventions targeted  at dwellings occupied  by a household  with 


relevant characteristics over time will become mismatched  to the original target.  Our 


modelling does not explicitly allow for the effect of people moving home. The targeting of 


homes occupied  by someone with CMD is likely to be especially problematic, as the 


nature of CMD means that the affected  population will change over time. Moreover, it is 


probably hardest to identify homes occupied  by someone with CMD, especially given the 


fluctuating nature of the d isorder.  
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(2) The cost of interventions, if app lied  to all dw ellings in the target groups, would  represent 


very large investments nationally, ranging from around  £1.4 billion for the upgrades of all 


homes occupied  by at least one person with COPD, to almost £7.3 billion for all homes 


containing at least one person currently aged  65 years or more. 


(3) The specification here was the installation of all home energy efficiency measures in 


eligible homes, meaning that all possible upgrades (loft insulation, d ouble glazing, etc .) 


were carried  out in target dwellings where the English Housing Survey ind icated  there 


was potential to d o so. Despite this, the model estimates of the increase in  the 


standard ized  ind oor temperature (SIT) were fairly modest, ranging from 0.33 °C (for 


homes in the bottom quintile of the income d istribution) to 0.39 °C for homes occupied  by 


at least one household  member aged  65 years or more. These modest rises are pred icted  


from the empirical relationship between SIT and  whole dwelling E-value, which suggests 


that at energy efficiency levels better than (i.e. below) around  300 W/ K, further 


improvement in energy efficiency d oes not  resu lt in an increase in SIT. In the 2010 EHS, 


we estimate that around  44% of dwellings are alread y at this ‘plateau ’ and  for them no 


increase in temperature is estimated  with add itional energy efficiency measures. For other 


households ind ividual energy efficiency measures have relatively small impact on the SIT 


(fractions of a degree Celsius), and  few homes are deficient in multiple aspects of energy 


efficiency. The net resu lt is a limited  impact on temperature increases (and  


proportionately also on the mould  index) with correspond ingly modest impact on most 


health outcomes. From an equity point of view, it is interesting to note that the smallest 


temperature rises are pred icted  for homes on low income. 


(4) The d istribu tion of impacts on health show that the largest gains are for COPD and  heart 


d isease, with generally smaller impacts on CMD and  smallest of all on childhood  asthma. 


Although CMD has a high prevalence, the modest impact in the scenarios reflects a fairly 


high utility weighting (i.e. small deficit) and  our assumptions to reflect the fact that CMD 


is not usually a lifelong condition . The changing pattern of illness over time (coupled  with 


the unmodelled  effect of people changing homes) means that the protective benefit of 


energy efficiency should  be lower, at least in the scenario which specifically targets people 


with CMD. The small impact on childhood  asthma largely reflects that all of the target 


populations, with the exception of low income household s, are relatively old , and  few of 


their households contain young child ren. We also assume that any adverse effect on 


childhood  asthma reduces to zero above age 16 years. 


(5) Because the health impacts in these scenarios (where no ventilation change is assumed) 


are all beneficial, the net change in healthcare costs, covering GP consu ltations and  


hosp ital admissions, is also negative (i.e. cost saving). The health care cost saving per 


dwelling or person is smallest for the scenario that targets people with CMD, and  


relatively larger for those with COPD, or heart d isease or persons aged  65+ years. They 


are relatively more modest for households in the bottom quintile of household  income. 


3.4.2 Fuel subsidy 


The key results of the fuel subsidy intervention are as follows: 


(6) The resu lts for the £200 fuel price subsidy broad ly mirror those for energy efficiency 


investments in relative terms, as the target groups are the same, but the temperature 
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impacts are more modest (ranging from 0.13 °C for low income households, to 0.24 °C for 


households containing at least one member aged  65 years or more). These changes are less 


than those seen with the energy efficiency investments, w ith correspond ingly small 


impacts on health. They would  of course be greater with a larger subsidy. 


(7) The scenario we tested  with a subsidy of £200 is an arbitrary figure, but the same as that 


currently paid  under the UK government’s Winter Fuel Payment scheme for someone 


born on or before 5 January 1952 living on their own. This would  buy the equivalent of 


around  4000 kw.hr of heating energy at £0.05 per unit if all were spent in improving 


indoor heating. The improvements in temperature and  health benefit cannot be d irectly 


scaled  by the level of subsidy, as temperature rises will be limited  by the pla teau  effect at 


around  18.4 °C. However, as a first approximation, d oubling the subsid y nearly doubles 


the health benefit, in particular for the least energy efficiency dwellings (Table 34). 


3.4.3 Cost-effectiveness 


Summary estimates of inpu t and  output costs per household and  the associated  cost-effectiveness ratios 


from d ifferent perspectives for the base case analysis are summarized  in Table 24 and  Table 25. Again, 


it is import to emphasize that these entail large uncertainties, and  should  be interpreted  as ind icative 


only. Note also that the main results based  on temperature change alone do not include any effects of 


ventilation change, which may have substantial impact even if the intention is to provide sufficient 


purpose-provided  ventilation (trickle vents and  the like) to ensure no overall change (see sensitivity 


analyses). Moreover, no allowance has been made for the frequency with which people move home, 


which will further downgrade the relative benefits of interventions targeted  at specific population 


groups. 


With regard  to targeting, interventions aimed  at ad ults with COPD appear to have the greatest 


impact. However, these results are highly depend ent on the assumed risk reduction of COPD 


morbid ity with a warmer home. We found  it d ifficult to identify a robust estimate of such risk 


reduction. Intervention based  stud ies in the UK (Osman et al., 2008) provide no clear evidence of 


benefit, but evidence from New Zealand  (Howden-Chapman et al., 2007) in particular suggests 


relatively large impacts, though New Zealand  housing is appreciably d ifferent from that in the UK. 


Our central estimate of a relative risk of 0.9 for a one °C increase in SIT represents a compromise 


between limited  UK evidence and  less relevant (to England) New Zealand  data.  The COPD results 


should  be treated  very cautiously, and  may not be nearly as favourable as the tabulated  figures 


suggest. 


Interventions aimed  at people with CMD are relatively modest desp ite the high prevalence of CMD. 


This is partly explained  by the small quality of life impact and  partly by our assumption of a high 


recovery rate in what is a naturally fluctuating d isease which is often responsive to treatment  over 


months. The literature suggests that the majority of people with clinical symptoms of depression , for 


example, recover within 12 months or so, but may suffer recurrent bouts with a median of around  


four or five episodes over a lifetime (Richards, 2011). To allow for this, we assumed that the 


prevalence of CMD in those initially targeted  because they had  CMD would  fall to 50% after one year 


and  25% after two years, and  then remain at this und erlying level. These are not precise estimates, but 


they are designed  to lead  to a high average prevalence rate among this targeted  population, and  to 


reflect the fact that the benefits to symptom reduction will be reduced  because of the fluctuating 


nature of the d isease. The impact of targeting households on the basis of someone with CMD 
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symptoms is correspondingly reduced , therefore. However, this argument does not apply to other 


population samples because, on average, those who recover fr om mental illness will be balanced  by 


others who develop it. There is an argument that all households benefit because of improvements in 


mental well-being short of changes to recognized  clinical symptoms (e.g. simple thermal comfort), but 


the quantification is based  on estimates of changes to mild  clinical d isease. 


The benefits of interventions targeted  at the households containing someone  aged  65 years or more 


seem generally larger than interventions targeted  at the bottom quintile of income.  This in part reflects 


the higher underlying rates of relevant clinical cond itions at older ages , together with slightly greater 


temperature changes. 


The total costs of intervention are broad ly similar for all energy efficiency interventions (includ ing 


solid  wall insulation) and  fuel subsidy at £200 per household  a year. (Note that the fuel subsidy is 


assumed to increase in proportion to fuel price inflation over time, which means the total cost over 


five years is greater than £1000, for example.) However, it is important to note that the costs of energy 


efficiency intervention are based  on the accumulation of annualized  costs over the relevant time 


horizon. Unless there is a suitable financing option, the reality is that householders or other funders 


would  have to cover the whole capital cost at the outset (recall that our scenarios assume immediate 


implementation at time zero), and  if the household  moves away or household  members d ie before the 


end  of the assessment time horizon, the ratios of costs to benefits for them will be correspondingly 


poorer. 


Energy efficiency interventions reduce energy costs (and  unquantified  CO 2 emissions), bu t fuel 


subsid ies increase them, though by less than the cost of the subsid y. The appreciable energy savings 


with energy efficiency interventions make a substantial contribution to improving cost effectiveness 


ratios. 


Finally, the sensitivity analyses suggested  that the interventions are likely to become more cost -


effective when targeted  at homes in the stock with poor energy efficiency (lo w SAP) and  (to a lesser 


extent) when solid  wall insulation is not included  as part of energy efficiency upgrades.  


Incremental cost-effectiveness ratios 


Incremental cost-effectiveness ratios are generally better over 5 year time horizons than over 42 year 


time horizons for interventions targeted  at household s containing one or more member with a target 


d isease (COPD, CMD, heart d isease). Again, this is primarily due to the fact that in this work 


intervention costs have been annualised . Clearly if energy efficiency installation costs were 


experienced  ‘up front’, this would  make such interventions expensive in the short -term. However, it 


also in part reflects the fact that the number of people with those target d iseases at the outset  declines 


over time as people d ie or recover (again we don’t allow for moving home).  For household s 


containing someone aged  65 years or more, the cost-effectiveness ratios are generally better over the 


longer time horizon, which may in part reflect an effect of further ageing over time, with 


corresponding increases in underlying population mortality rates. The pattern for low income 


households is not consistently better or worse with the longer time horizon.  


If the NHS does not contribute to the cost of intervention, the cost-effectiveness ratios from an NHS 


perspective are all negative, as the NHS is a beneficiary from reduced  health care costs.  If the 


Government (includ ing NHS and / or local au thorities) do contribute to the intervention costs, the cost-


effectiveness ratios ((intervention + health care costs)/ QALYs) are relatively high for all forms of 
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interventions and  targeting, with the exception of the highly uncertain COPD target group.   


The results for the householder perspective (assuming here that ind ividual householders are not 


paying for energy efficiency interventions) demonstrate the large add itional benefits gained  by 


reduced  fuel bills. In the case of energy efficiency, the interventions reduce energy use and  the 


resulting energy cost savings largely offset the intervention costs. For fuel subsidy, although more 


energy is used  overall, there is a net energy cost saving due to the £200 payment. The ratios seem not 


so favourable for energy efficiency interventions targeted  at  CMD (largely because of the assumed  


recovery rate in clinical d isease) or at low income households in general. 


Overall, the fuel subsidy, at the starting level of £200 per household  per year, gives slightly smaller 


temperature-related  impacts than energy efficiency interventions because of the smaller associated  


average temperature improvement. Without the saving in energy use, the cost-effectiveness ratios for 


fuel subsid y are poorer than for energy efficiency interventions, and  generally are not favourab le in 


absolute terms with the possible exception of the scenario targeted  at household s containing at least 


one person with COPD. It can be concluded  that energy efficiency intervention is generally better than 


fuel subsidy if the costs of the intervention  and  energy use are counted . However, in circumstances 


where a householder has comparatively short life expectancy or expects to move home soon, fuel 


subsid y may be a preferable option than the investment of the capital costs for that household  (though  


subsequent inhabitants would  benefit from any energy efficiency intervention).  


3.5 Limitations 


As with all models, the economic modelling entails multiple assumptions and  uncertainties related  to 


both the input parameters and  the quantified  estimates. Whilst grea t effort has been employed  to test 


the model, given its complexity, some limitations around  uncertainty remain. 


3.5.1 Overview of limitations 


There are uncertainties related  to the data inputs and  model estimates. The underlying d ata used  in 


the model is based  on the EHS, which is statistically representative of the English housing stock. The 


conversion process of the EHS into an input bu ild ings physics d ataset includes a number of 


assumptions that increase the uncertainty of the modelling. It is not possible to provide a detailed  


survey of all aspects of such uncertainty, but the table below lists each of the key components that 


feed  in to the impact calculation and  summarizes, using a simple scoring system, the level of certainty 


associated  with each, with a brief explanation (Table 38). 


 


Table 38 – Summary of key limitations 


Area of 
estimation 


Parameter Certainty in 
response or 
relationship 


Comment 


Population data Sample 
representativeness 


+++ Data are based  on dwellings and  their inhabitants in the 
English Housing Survey. 


Build ing 
characteristics 


Changes in 
build ing 
performance 


++ Reasonably good  for thermal characteristics, but the 
relationship between energy efficiency interventions 
and  permeability/ ventilation characteristics is from 
assumed functions based  on expert judgement and  
empirical data (Hong et al., 2004). 


Changes in 
environmental 


Temperature + Thermal characteristics modelled  from specified 
changes to build ing fabric. However, there is 
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exposures uncertainty over the impact of such changes on indoor 
temperatures because of behavioural factors/ choice 
(e.g. the degree to which householders take improved  
energy efficiency as warmer temperatures rather than 
lower fuel bills – the ‘take back’ factor) and  the capacity 
and  operation of the heating system. Mainly based  on 
an empirical function derived  from the Warm Front 
study (Oreszczyn et al., 2006a). 


Indoor air quality ++ Based  on complex models that involve a range of 
assumptions. Such assumptions include those relating 
to changes in dwelling permeability and  ventilation 
systems and  hence air exchange that can be affected  by 
behaviour. For example, these have been explored  for 
PM2.5 (Shrubsole et al., 2012) 


Exposure-health 
impact 
relationships 


Cold : mortality + There is limited  evidence relating health to measured  
indoor temperatures. Evidence used  mainly based  on 
one English study of the degree to which housing 
modifies the outdoor temperature-mortality 
relationship (Wilkinson et al., 2001).  


Cold : COPD  +/ - There is limited  evidence relating COPD and  
exacerbation of COPD symptoms to indoor 
temperatures. There are large variations in reported  
exposure-response coefficients from d ifferent stud ies 
and  locations. At present, the evidence is uncertain and  
caution is required  in its interpretation. 


Cold : mental 
health  


+ There is d irect evidence for the impact of cold  on 
thermal comfort (Green and  Gilbertson, 2008), bu t 
mixed  evidence on overall mental well-being (Liddell 
and  Morris, 2010; Thomson et al., 2013), although 
suggestive of adverse impact. Duration of adverse 
impact unclear, however. For the purposes of 
evaluation, the model provides options for varying the 
assumption about the persistence (time decay) of the 
adverse mental health impacts, which can have 
appreciable bearing on the impact calculation. 


PM2.5 (outdoor) +++ Strong epidemiological base for adverse effects of PM, 
but nearly all based  on stud ies of outdoor pollution 
(Pope et al., 2004, 2002). 


PM2.5(indoor) + There is uncertainty about the relative toxicity of 
particles generated  from indoor sources compared  with 
those from outdoor sources. They might be as toxic or 
even more toxic as PM derived  from outdoor sources, 
but the single + rating ind icates the lack of clarity (Pope 
et al., 2004, 2002). 


Radon +++ Strong epidemiological evidence for adverse health 
effects of indoor radon. Long time lag assumed for 
development of d isease from increased  exposure and  
for decay of risk with reduction in exposure (Darby et 
al., 2005). 


Second  hand  
tobacco smoke 


++ Reasonably clear epidemiological evidence for the 
selected  health outcomes included  in the model 
(includ ing from meta-analysis) (Law et al., 1997; Lee 
and  Forey, 2006). 


Mould  ++ Repeated  reports of link between mould  and  
respiratory and  general health problems (Fisk et al., 
2007; Howden-Chapman et al., 2007), especially in 
child ren (Howden-Chapman et al., 2007), but 
interpretation remains unclear because of uncertainty 
over influence of confounding factors and  causality. A 
major uncertainty is what duration of effect there might 
be on respiratory/ asthmatic symptoms in children.  


Health impacts Method  of 
calculating 
changes in years 
of life and  quality 
ad justed  life years 


++ Based  on established  life table methods with assumed 
lag functions for the development of new risks and  the 
decay of reduced  risks. It is important to note that the 
calculations of change in years of life are ‘artificial 
constructs’ that entail a number of assumptions about 
expected  future health experience over a long time 
course (50+ years). 


Calculations of COPD, mental health and  asthma 
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impacts are based  on d irect application of relative risks 
to study- or survey-based  data on d isease prevalence. 


 Health state 
utility values 


+ Values assumed to represent average d isease 
conditions. Based on values used  in previous NICE 
documents. However, stud ies show a wide range of 
estimates depending on, for example, age and  d isease 
severity. 


KEY 
+/ -  Equivocal 
+ Weak evidence/ certainty 
++ Moderate evidence/ certainty  
+++ Strong evidence/ certainty 


 


3.5.2 Key limitations of the building model 


The key limitations of the build ing model include: 


Energy performance of buildings 


Structural uncertainties relate to the model specification. Of most relevance to the economic modelling 


is the population sample used  as inputs, the characterisation of the environmental conditions within 


the residential build ing stock and  assumptions around  the fuel subsid y relationship. 


The conversion of the English Housing Data relies on methods outlined  in (DECC et al., 2012) and  


uses values d rawn from the reduced  Standard  Assessment Procedure (RdSAP) method . Each dwelling 


component (e.g. wall, window, roof) is matched  against measured  values for heat loss values (i.e. u -


values), the heat system seasonal efficiency, and  the number of air -changes associated  with infiltration 


across the fabric. These values are not altered  within the model. 


Further, the method  for estimating the energy demand relies on the method  set out in (Hamilton et al., 


2011), which uses a stand ard  method  of heating degree days to determine the heat demand below a 


given internal temperature that excludes solar and  internal gains. It is assumed that all dwellings have 


an average internal gain of 3.2 °C, following (Day et al., 2003). 


Pollutant exposure model matching 


The variation in the geometries of the EHS d wellings is assumed to be adequately represented  by 10 


archetypes. The matching of these archetypes to the EHS dwellings relies on matching ru les that use 


survey dwelling features from the EHS. The matching process included  using a set of rules to 


determine which archetype is a suitable match in terms of its physical parameters and  ventilation 


characteristics. 


The first rule applied  to the EHS stock was to select an archetype that matches the surveyed  dwelling 


type (i.e. flats, terraced  houses, bungalows an d  detached  houses). This ensured  that the geometric 


form modelled  in the build ing model broad ly represented  a given dwelling. The second  rule used  


gross floor area to match archetypes with multiple d welling types (i.e. terraced  houses), for example 


the larger dwellings were matched  into the larger archetypes of the dwelling forms.  Matching by size 


and  type will have an impact on the absolu te levels of pollu tants experienced  within a dwelling.   


Matching for flats was further subdivided  into three groups: below first floor, first floor, and  above 


first floor, in order to allocate the correct rad on concentration levels. The d ivision allowed  for flats on 


the ground  and  below to receive the full concentration of radon (weighted  for the stock), those on the 


first floor receive 50% of the ground  floor exposure, and  those above the first floor and  above had  no 
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exposure to radon.  


All dwellings built after 1990 and  a rand om sample of 8% of dwellings before 1990 are assumed to 


have trickle vents. A d ifference in the d istribu tion of trickle vents across the English housing stock will 


affect the exposures experiences by occupants to the various pollu tants.  


Occupant behaviour in the building models  


The build ing models of ventilation and  pollutant concentrations requ ire  assumptions to be made 


about the behaviour of occupants, with regards to their interaction with wind ows, production of 


pollu tants, and  the removal of pollutants. For example, windows can be opened  w hen ind oor 


temperatures become high to either enable cooler air from outd oors to ingress, or to allow the cooling 


effects of cross-ventilation. Uncertainty around  the p rod uction of pollutants could  relate to cooking 


(which produces particulate matter and  moisture) and  bathing (which produces moisture) patterns. 


Occupants themselves also prod uce moisture and  therefore prod uction rates in each room of the 


dwelling is related  to the movement of the occupants. Occupants can also actively remove pollutants 


through the use of extract fans and  windows during cooking times. 


Larger dwellings are assumed to have more occupants and  therefore more instances of window 


opening and  use of the bathroom. However no variation is assumed across the housing stock for 


dwellings of the same number of occupants, therefore potentially un derestimating the spread  in air 


change rates and  pollutant concentrations in the EHS dwellings. 


3.5.3 Key limitations of the health model 


The key limitations of the health model include: 


 The primary health impact calculations in the model are performed using commonly used  life 


table methods. However, for each modelled  health ou tcome, the baseline mortality risks used  


in these life table were based  on population average mortality rates which varied  only by age 


and  sex, taking no account of other factors which may affect underlying health (i.e. assuming 


average life expectancy accord ing to age and  sex). However, we d id  reduce life expectancy for 


those identified  as suffering from COPD and  heart d isease in line with published  estimates of 


life shortening associated  with those conditions.  


 The morbid ity estimates presented  here make the assumption that there is a constant 


relationship between the burdens of mortality and  morbid ity for each outco me. Clearly this is 


relatively crude but is likely to be reasonable at the population level. Similarly, the NHS 


health care costs have been estimated  using the assumption that changes in health outcomes 


will lead  to proportional changes in health care contacts. In particu lar, assuming a 


proportional change in total GP consu ltations which is d riven by the total change in hospital 


admissions is likely to underestimate GP consultations for conditions which do not requ ire 


regular hospitalisation.  


 The morbid ity impacts on COPD, CMD and  asthma assume that changes to SIT and  mould  


affect the prevalence of these conditions but the model does not account for improvement (or 


worsening) of symptoms and  associated  changes to the applied  utility weights.  It also does 


not account for variations in utility weights by age. 


 As described  previously, the model results presented  in this report make no allowance for the 
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potential effect of people moving home. In reality, such movements would  tend  over time to 


reduce the match between houses with the energy efficiency intervention and  the population 


originally targeted  by the intervention because each year a proportion of the target group will 


move ou t of their original homes and  others (most of whom are not part of the original t arget 


group) will move into them. To illustrate, we estimate below the effect of such movement on 


the proportion of the original COPD target group remaining in intervention d wellings as a 


function of time after intervention. The estimates are made using four simplifying 


assumptions: 


1. There is no correlation between target group and  the probability of moving home 


(which is therefore assumed to be the same as that in the population as a whole); 


2. The probability of moving in future years is not affected  by movin g in previous years; 


3. The number of d wellings with the original energy efficiency intervention remains 


fixed  and  does not change by year; 


4. No new cases of COPD are added  to those in the original target population.  


The starting proportion of people with COPD (the original target group) is 0.0582 (5.82%) and  


the probability of moving home in any one year is 0.11 (11%). This value for the UK was 


estimated  using d ata from the Office for National statistics 


(http:/ / www.ons.gov.uk/ ons/ rel/ social-trends-rd / social-trends/ social-trends-


41/ index.html). We estimated  the proportion of the original target group remaining in the 


original intervention homes in year i to be: 


o the proportion of COPD patients in intervention homes in year i-1 reduced  by the 


fraction (0.11x(1-0.0582)) 


plus  


o the proportion of COPD patients in non -intervention homes in year i-1 multiplied  by 


(0.11x(1-0.0582)) 


The second  quantity reflects the small proportion of the original target group that moves back 


into intervention homes after having moved  ou t from non-intervention homes. Figure 9 below  


ind icates the evolu tion over time of the proportion of the COPD group in the original 


intervention homes and  the proportion of the target COPD group in non -intervention homes 


by year. As can be seen, the proportion of the original target group remaining in the 


intervention homes declines exponentially such that the proportion is reduced  by around  35% 


by five years after intervention and  by 93% after 42 years. The time averaged  proportions over 


5 years and  42 years are, respectively, 23% and  74% - which therefore ind icate the expected  


d ilution of the targeted  benefits over these periods of follow up. 


 



http://www.ons.gov.uk/ons/rel/social-trends-rd/social-trends/social-trends-41/index.html

http://www.ons.gov.uk/ons/rel/social-trends-rd/social-trends/social-trends-41/index.html
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Figure 9 - The effect of moving home on the proportion of patients with COPD remaining in (origi nal) 


intervention homes as a function of years since the intervention 


 


In reality, the COPD target group are probably less likely to move than others, especially if 


their homes have just been retrofitted . If we assume the fraction that move home each year to 


be as low as 5%, the d ilution would  be around  14% over five years and  56% over 42 years.  


 Limitations of the ep idemiological relationships for the environmental exposures considered  


in the model have been described  in Table 38 above. Given their centrality to the model and  


the research questions of this work, the most important of these limitations are the large 


uncertainties associated  with cold -related  health imp acts on card iovascular mortality, CMD, 


and  (particularly) COPD. These limitations are d iscussed  elsewhere in this report (e.g. see 


Table 38 and  section 3.4). 
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4 Conclusions 


 The effect of home energy efficiency investments is fairly modest in terms of temperature 


increases, and  those relating to fuel subsid y at an initial value of £200 per household  per year 


are on average smaller still. 


 For most ou tcomes, our results suggest that home energy efficiency interventions are 


probably not cost effective (i.e. ICERs > £30k/ QALY) if the benefits are counted  in health 


terms alone.  


 Home energy efficiency interventions are energy saving and  the associated  energy cost 


savings in part offset the capital investment cost. If such savings are included  in the cost-


effectiveness ratios, the net ICERs are more favourable. 


 In calculations that includ e energy as well as intervention costs, the overall ICERs appear 


relatively favourable for interventions aimed  at household s containing someone with COPD, 


heart d isease or age 65 years or more. The ratios do not appear to be as beneficial for 


households targeted  on the basis of CMD or low income alone. 


 Cost-effectiveness ratios are slightly more favourable over a 5 year than a 42 year time 


horizon where people with specific d iseases are targeted , in part because the number of 


d isease-specific beneficiaries d eclines over time through death or recovery. 


 Fuel subsid ies increase fuel use. Fuel subsidy is less cost-effective than home energy 


efficiency, but it may be a more suitable option over shorter time frames to avoid  the large 


capital investment costs for ind ividuals with comparatively short life expectancy  or if they 


expect to move home in a comparatively short period .  


 Targeting interventions at people with CMD appears to have a less favourable cost -


effectiveness ratio than interventions aimed  at other d isease groups if an assumption is made 


of appreciable recovery from CMD, which is a d isease with a fluctuating natural history. 


 Cost-effectiveness ratios are improved  by targeting interventions at homes with poor energy 


efficiency (low SAP). 


 Caution is required  not to adversely ind oor air quality by reducing ventilation rates during 


energy efficiency upgrades. However, the overall balance between positive and  negative 


health impacts depend s on the specific circumstances (e.g. local outd oor air quality, smoking 


vs. non-smoking households, high vs. low rad on areas). 


 The modelling suggests that some contribu tion to the total cost of improving the energy 


efficiency of the housing stock by the health sector/ society may be justified , especially for 


energy efficiency interventions targeted  at homes with low energy efficiency. 
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6 Appendices 


6.1 Modelling team 


The modelling team and  their expertise are summarized  in the table below.  


Person 
(institution) 


Experience and  expertise 


LSHTM 


Paul Wilkinson 
(Professor of 
Environmental 
Epidemiology) 


Researcher in environmental ep idemiology with long -stand ing interest in excess winter 
deaths, with multiple contributions in this area particu larly for the UK.  


 


Expertise: topic expertise (excess winter death), study design and  methods for 
quantifying the effect of seasonal/ cold -related  risks and  modification by social, 
environmental and  other factors. 


John Cairns 
(Professor of 
Health 
Economics) 


Economist w ith more than 35 years research experience, more than 25 years specialising 
in health economics. Previously led  a team of health economists undertaking economic 
modelling for cancer guidelines.  


 


Expertise: economic assessment: cost-benefit analysis 


Zaid  Chalabi 
(Senior 
Lecturer in 
Health Impact 
Analysis and  
Modelling) 


Mathematical modeller with wide expertise in environmental health risk assessment, 
health impact analysis, cost-effectiveness analysis, value of information and  uncertainty 
analyses, and  decision analysis. 


 


Expertise: evidence regard ing cost-effectiveness (CE) of methods to id entify at risk 
populations; CE of interventions to prevent excess mortality & morbid ity; CE of systems 
for delivery and  implementation of approaches to prevent excess mortality & morbid ity  


James Milner 
(Lecturer) 


Researcher w ith interests involving modelling the interactions between the urban 
environment and  health, includ ing the effects on health of air pollutants, and  indoor air 
quality and  housing. Has also developed  techniques to assess the health impacts of 
changes in environmental exposures due to climate change mitigation policies in 
d ifferent sectors of society, includ ing the housing sector.  


 


Expertise: modelling of health impacts, especially with regard  to housing related  health 
risks 


University College Lond on 


Mike Davies 


(Professor of 


Building 


Physics and the 


Environment) 


Mike Davies has extensive research experience in the monitoring and modelling of 


building performance and seeks to understand how buildings can optimally minimise 


their production of CO2 whilst maintaining healthy and comfortable conditions. He leads 


the team which are the UK representatives for the International Energy Agency Annex 


55 work which aims to address the uncertainties associated with attempted 


improvements to the energy efficiency of national housing stocks. 


 


Expertise: indoor environment and the impact of interventions affecting exposures 


relevant to human health 


Ian Hamilton 


(Lecturer) 


Ian Hamilton is a Lecturer at the UCL Energy Institute, with research focused on energy 


use in the urban environment, including the impact of energy efficiency interventions in 


the domestic stock. He is a principal researcher on the EPSRC 'New Empirically-Based 


Models of Energy Use in the Building Stock' and he is working with the London School 
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of Hygiene and Tropical Medicine to develop a model for DECC that quantifies the 


health impact of introducing energy efficiency measures within the UK’s housing stock. 


 


Expertise: modelling of housing-related indoor exposures, health impacts and costs of 


interventions 


Payel Das 


(Research 


Associate) 


Payel Das is a research associate in the Bartlett School of Graduate Studies at UCL. Her 


research focuses on determining optimal energy efficient solutions for residential 


dwellings in the context of uncertainty, through a combination of building physics 


models examining indoor environmental quality, health impact assessment, and 


optimization algorithms. She has been involved in the development of probabilistic tools 


to aid retrofitting projects as part of the International Energy Agency’s Annex 55. 


 


Expertise: modelling of housing-related indoor exposures, health impacts and costs of 


interventions 
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6.2 Description of the building model 


6.2.1 Housing stock and energy performance 


Housing stock 


The economic model uses the EHS 2010/ 11 house and  household  stock as the basis for the modelling. 


The EHS provides a statistically rand om representative sample of the English stock on which the 


health impact of energy efficiency interventions can be modelled . 


The EHS survey collects information on the overall condition of English homes and  the household s 


living in them. The survey provides data on key housing stock character istics (includ ing age, type and  


size) and  households (age, tenure, number of occupants, income, vulnerability) based  on physical 


surveys and  interviews undertaken between 2010 and  2011. The surveyed  ‘dwelling sample’ of 


properties where physical inspection s were carried  ou t contains 16,150 occupied  or vacant dwellings, 


or 0.7% of the housing stock of 22.2 million dwellings in England  (CLG, 2010). The EHS provide a 


factor with which to weight variables in order to represent houses or household s in England .  For the 


purpose of the modelling we use the houses weighting as these represent the occupants of the 


dwellings that will be affected  by energy efficiency improvements. 


The EHS includes details on the household  occupants of the surveyed  houses.  The occupant details 


include their age, sex, employment status, smoking practices, income and  a number of other features.  


Variables used  in the model relate only to age, sex and  whether an active smoker lives in a house.  


Converting the EHS for building efficiency modelling input  


In order to use the EHS housing stock data in the build ing efficiency modelling, the EHS data must 


undergo a conversion process in order to create a set of key input variables required  for calculating 


the ventilation characteristics and  thermal performance (DECC et al., 2012). The model uses SAP as 


the core calculation method  to pred ict the ventilation, fabric heat loss, and  heat system efficiency. 


The conversion process converts variables collected  in the EHS in order to infer features that are 


necessary to run a SAP-like estimation of the build ing efficiency. These include details such as: 


Dwelling and  Household  Information, Geometry, Ventilation, Other Heat Loss Elements, and  Space 


Heating, see Table 39 below, which are used  in the bu ild ing efficiency modelling. 


 


 


 


 


 


Table 39 - Building characteristics and components from EHS conversion 


Characteristic Component 


Geometry 
Gross floor area (GFA), volume, number of storeys, storey height, façade area, fabric 
component area (glazing, doors, party walls, roof, ground  floor) 


Glazing Type, d raught proofing 


U-values Glazing, roof, external walls, party walls, doors, thermal bridges, thermal mass parameter  


Walls Wall type, thickness,  
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Infiltration 
Floor, fabric, d raught lobby, additional infiltration, chimneys, flues, fans and  passive 
vents 


Heat system Type, efficiency 


 


 


The above conversion process is fully described  in ‘Converting English Housing Survey Data for Use 


in Energy Models’ (DECC et al., 2012), produced  for DECC by Cambrid ge Architectural Research, 


University College London , and  Loughborough University. The ou tput of the conversion process is a 


dataset of d welling characteristics for each variant in the EHS that is used  in the build ing efficiency 


modelling. 


Efficiency modelling 


The build ing efficiency modelling covers several aspects: fabric heat loss, heating system, ventilation 


heat loss and  an estimate of overall energy performance. This information is then used  to describe the 


relationship between the whole house efficiency (fabric, ventilation and  heat system) and  ind oor 


temperature and  to inform the pred iction of ind oor pollutant exposure levels in the exposure 


modelling. Figure 10 shows the interactions of the components of the build ing efficiency modelling. 


Note that the infiltration characteristics are used  in the build ing pollutant modelling.  


 


Figure 10 - Building efficiency modelling components 


 


The whole house efficiency, which includes fabric, ventilation and  heat system performance, is used  to 


pred ict the internal temperature of the living room and  bedroom using a method  described  in 


Oreszczyn et al. (2006), which established  a relationship between dwelling heat transfer characteristics 
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(referred  to as an ‘E-value’) and  internal temperature of the bedroom and  living room stand ard ised  


for an external temperature of 5°C. The ventilation performance is used  to pred ict the d welling 


permeability and  ventilation heat loss. This process is fully described  elsewhere (Hamilton et al., 


2011). The permeability and  ventilation system performance is used  in the build ing exposure 


modelling to estimate the level of exposure to ind oor pollutants. 


Fabric performance 


The inferred  EHS d welling characteristics are used  to generate the dwelling fabric heat loss 


performance. Details of the dwelling component geometries (i.e. wall, window roof, floor areas) are 


d rawn from the EHS and , along with characteristics such as wall type, age and  location, are used  to 


infer a heat loss coefficient (U-value, measured  in W/ m 2K). Each fabric component, e.g. external walls, 


wind ows, doors, ground  floor, and  their inferred  U-values are used  to establish the total fabric heat 


loss. 


Infiltration heat loss 


The fabric infiltration performance pred iction relies on steps used  in the SAP method  (section 2 in SAP 


2005 v9.81) that estimate the air change rate of the dwelling due to infiltration. The infiltration for each 


dwelling component is inferred  using the method  described  in DECC (2012).  


The infiltration is used  to p red ict the number of air changes in an hour within a dwelling.  The overall 


air change rate (i.e. includ ing the contribution from purpose provided  ventilation systems) is used  to 


determine the ventilation heat loss (measured  in W/ K). 


Fabric infiltration performance 


The number of infiltration-related  air changes (ach -1) is also used  to infer the permeability of the 


dwelling using the SAP method  of converting to air tightness at 50Pa. The value represents the air 


movement across a metre-squared  of fabric w ithin an hour period  (measured  in m 3/ m 2/ hr). 


The permeability is used  to inform the estimates of the exposure levels experienced  within a dwelling 


using the matched  ventilation type and  exposure models (described  in the build ing pollutants 


modelling section below). 


Heating system performance 


The heat system efficiency is determined  by first identifying the heat system type by using details of 


the heating system variables in the EHS. These details are used  to identify features such as heat 


system efficiency in product characteristic databases, where available – see page 16 of DECC et al. 


(2012). The heat system efficiency is described  as a factor ranging from 0 to 1 that describes seasonal 


efficiency (i.e. the mean efficiency through an annual period) of 1 unit of fuel conversion to useful heat 


output. 


Dwelling heat transfer characteristic (E-value) 


The above estimated  fabric and  ventilation performance is combined  with the heat system to pred ict 


the dwelling heat transfer characteristic, referred  to as an ‘E-value’ (after Oreszczyn et al., 2006). 


The E-value is used  to p red ict the living room and  bedroom temperature, using a rela tionship  


described  by Oreszczyn et al. (2006) and  subsequently by Hamilton et al (2011) that takes into account 
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the efficiency of the whole dwelling along with the expected  behaviour of the occupant in setting and  


maintaining an internal temperature when stand ard ised  to an external temperature of 5 degrees. 


The heat system efficiency, μ, is used  to modify the fabric and  ventilation performance in order to 


express the actual heat required  to maintain a 1 degree temperature d ifference that includes the 


performance of the heating system in converting fuel to useful heat, measured  in Watts/ Kelvin.  In this 


implementation of the model we include both fabric and  ventilation heat losses.  The ventilation 


infiltration is included  in the ‘E-value’ by converting into a heat loss, where N  is the number of air 


changes, V is dwelling volume and  3 represents the product of specific heat capacity of air and  the 


density of air, converted  to Watts, and  i is each component of the build ing fabric.  The whole house 


efficiency can be expressed  as: 


E-value (W/ K) = [(ΣU iA i) + (NV/ 3)]/  μ 


 


Dwelling ventilation systems 


Details pertaining to the ventilation system present in the dwelling are limited  in the English Housing 


Survey. For example, no details regard ing the presence of trickle vents are contained  within the 


variables collected  and  therefore it is necessary to infer the ventilation system likely contained  within 


a dwelling. We use a set of rules to determine the possible presence of extract fans and  trickle vents 


using details from the EHS (i.e. working extract fans), dwelling age (i.e. new dwellings include both 


extract fans and  trickle vents to achieve Part F compliance), along with a random selection of pre -1990 


dwellings to have trickle vents based  on analysis of Warm Front surv eys. The rules are applied  to 


create a variable that describes the ventilation system features for the purpose of matching the EHS 


dwellings to the ventilation pollutant exposure model outputs.  


6.2.2 Indoor environmental conditions  


The following section provides an overview of the modelling approach to indoor air quality and  the 


thermal environment. 


Overview of building physics models for indoor pollutant concentrations 


Results from the bu ild ing physics model simulations for a set of dwelling archetypes are used  to 


generate polynomial models to interpolate between modelled  permeability bands that estimate the 


concentration of indoor pollutants. Figure 11 below illustrates the interactions of the components of 


the build ing pollu tants modelling. 


 







   


   


  100 


 


Figure 11 - Building pollutant modelling components 


 


CONTAMv2.4c, a valid ated  multi-zone airflow and  pollu tant transport simulation tool (Emmerich, 


2001; Haghighat and  Li, 2004; Walton and  Dols, 2006) was used  to model changes in ind oor 


concentrations of pollutants in a representative set of English d welling ar chetypes with d ifferent 


combinations of ventilation components. Guidance in Approved  Document Part F (ADF 2010) (HM 


Government, 2010b) has been used  in the design of all ventilation components. All systems have been 


assumed to be functioning correctly with no allowance made for mechanical failu re or deterioration 


with time.  


Pollution emission and  deposition (for PM 2.5) profiles, d rawn from the relevant literature, have been 


utilized  for a range of airborne pollutants (Shrubsole et al., 2012). Modelling produces profiles of 


concentrations reported  every 15 minutes, based  on a 10-second  integration time step. 


Dwelling types 


10 geometries were used  for analysis of the English dwelling stock. Nine were derived  from the 


LUCID project (Oikenoumou et al., 2010). The remaining geometry, House 7, was taken from 


(Wilkinson et al., 2009). We make the assumption that these archetypes are adequate to broad ly 


represent the English d omestic stock. The geometries consist of three flat-type archetypes and  seven 


house-type archetypes. Each of the flats are assumed to be located  at one of three floor levels (ground , 


first, second  or higher). 


External weather profiles, wind pressure coefficients, and internal temperatures  


For all geometries, separate winter and  summer weather files were constructed  using CIBSE/ Met 


Office hourly data - Test Reference Year (TRY) and  Design Summer Year (DSY) (CIBSE and  UK Met 


Office, 2010). Dynamic indoor temperature profiles were informed by a study from FMNectar 


(FMNectar, 2007), which investigated  ventilation effectiveness in support of Part F of the Build ing 


Regulations. 


We assumed that all bu ild ings are orientated  north/ south , as it has been shown in previous work that 
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orientation only has a maximum effect of reducing or increasing PM 2.5 concentrations by 3.7% 


(Shrubsole et al., 2012). For the houses, the facade with the front door is assumed south -facing. For 


flats, the front facade of the build ing - as defined  by the LUCID project (Oikenoumou et al., 2010) - is 


assumed to be south facing. A variable wind  pressure profile (dependent on wind  speed  and  


d irection) suitable for long walls was applied  to all build ing openings in the modelling (Swami and  


Chandra, 1987). Wind  speed  mod ifiers were applied  based  on the build ing height and  ad justed  for an 


urban location with flats assumed to be on the ground  floor for the purpose of pollutant.  


Ventilation strategies 


Dwelling fabric infiltration in the models is modelled  via openings (cracks). Two openings (one high, 


one low) are placed  in each external wall, floor and  roof, with gap  sizes proportional to the facade 


wall area (Orme and  Leksmono, 2002) and  the whole dwelling permeability. In flats, floors an d  


ceilings are assumed to be impermeable, and  therefore there is no air flow across them. In houses, air 


flow is possible between floors, and  the floors and  the attic and  cellar. Attics have ventilation in the 


eaves, and  cellars are vented  with air -bricks (both complying with BS 5250 (BSI, 2011)) to allow for 


exchange of air with the external environment. 


The modelling addresses four ventilation strategies, includ ing: 


1. No trickle vents or extract fans: ventilation is achieved  via the infiltration component and  


period ic purge ventilation by wind ow opening. This excludes trickle vents and  extract fans, 


except in dwellings with no windows present in the kitchen and  bathroom, where extract fans 


are required . 


2. Trickle vents and extract fans: ventilation is achieved  via the infiltration component, trickle 


vents, extract fans, and  period ic purge ventilation by window opening. This strategy 


represents properties refurbished  to, or constructed  in line with ADF2010. 


3. Trickle vents: ventilation that includes the infiltration component, trickle vents and  period ic 


purge ventilation by window opening, bu t excludes the extract fans, except in dwellings with 


no wind ows present in the kitchen and  bathroom. 


4. Extract fans: ventilation, which excludes the trickle vents but includes extract fans, the 


infiltration component, and  period ic purge ventilation by window opening  


The EHS does not contain any information on the p resence of trickle vents. It is assumed that all 


dwellings bu ilt post-1990 are built with trickle vents. Analysis of Warm Front dwellings showed that 


approximately 8% of pre-1990 dwellings had  glazing units with trickle vents. To account for this, a 


rand om selection of pre-1990 d wellings was mod elled  with trickle vents installed  and  working. 


Adventitious openings/infiltration component  


Models were constructed  with permeability values of 3, 5, 7, 10, 15, 20, 25 and  30 m 3/ m 2/ hr at 50Pa 


representing the variation observed  in the UK (Stephen, 2000). This resulted  in 320 CONTAM models 


for the summer months, and  a further 320 for the winter months, and  therefore 640 in total.  


Ventilation components 


Extract fans and  trickle vents were specified  to comply with Approved  Document F of the Build ing 


Regulations for England  (ADF 2010) (HM Government, 2010b).  
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Contaminants  


Five contaminants are modelled : environmental tobacco smoke (ETS), PM 2.5 from internal sources 


PM2.5 from external sources, radon, and  moisture (as a precursor for mould). A series of pollu tant 


sources and  sinks were placed  within appropriate build ing zones. External concentrations of 


pollu tants were specified  where relevant. The CONTAM models then pred ict the concentrations of 


the pollutants within each build ing zone every 15 minutes for a year. Models were created  only for the 


ground-floor flats and  the radon concentrations for first-floor flats were assumed to be half this, and  


for second-floor or higher flats were assumed to be zero (Milner et al., 2014). 


Matching the archetypes to the EHS 


The CONTAM model permutations, based  on the range of geometries, permeabilities, ventilation 


strategies, and  seasons, resulted  in a set of 640 archetypes. Adding variations in the floor level of the 


flat gives 1024 archetypes in total. These are then matched  to the EHS using a set of rules to determine 


which archetype is a suitable match in terms of its physical parameters and  ventilation characteristics, 


includ ing: dwelling type, size (GFA) and  ventilation system . The first rule matches via the surveyed  


dwelling type (i.e. flats, terraced  houses, bungalows and  detached  houses), to ensure that the 


geometric form modelled  in the build ing model broad ly represented  a given d welling. The second  


rule used  gross floor area to match archetypes where there were multiple dwelling types (i.e. terraced  


houses). Matching for flats was further subdivided  by considering those on the ground  floor and  


below, those on the first floor, and  those on higher levels to enable variations in radon concentrations 


with height. Flats on the ground  floor and  below received  the full concentration of rad on (weighted  


for the stock), those on the first floor received  50% of the ground  floor exposure, and  those above the 


first floor and  above had  no exposure to rad on. 


Exposure modelling 


The exposure modelling generates estimates for the environmental conditions experienced  within the 


EHS variants, these include: indoor temperature, risk of mould  growth, environmental tobacco smoke, 


PM2.5 from indoor and  outdoor sources and  radon. Though geographical variations and  the incidence 


of radon prevention/ mitigation measures in the stock are not considered  in this modelling study, the 


overall d istribution of rad on exposures is calibrated  against the d istribution for the UK (Gray et al., 


2009). These baseline exposures are derived  by applying equation parameters from polynomial 


models developed  in the pollu tant modelling and  a relationship between ind oor temperature and  


build ing efficiency, further described  below. The exposure pred ictions are based  on two build ing 


parameters that are derived  through a SAP method ology, E-value (fabric performance over heating 


system performance) and  permeability. The EHS derived  values of these parameters are compared  to  


other known d istributions. The E-value is compared  against a d istribution found  from a Warm Front 


analysis (Oreszczyn et al., 2006a) and  the permeability is compared  against both Warm Front and  the 


Stephen’s (BRE) d istribution, see Figure 12 below. 


6.2.3 Energy efficiency intervention eligibility 


The effect of the interventions on the indoor environmental conditions of the d welling are determine d  


by the change in the determinant of the exposure (i.e. thermal or indoor air quality). Changes in 


exposures are made through the introduction of energy efficiency measures to those dwelling that are 


determined  as being eligible for an efficiency retrofit. The measures reflect interventions that are 
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identified  under various UK Government initiatives, includ ing the Green Deal, ECO and  CERT.  


Dwellings are deemed eligible based  on rules that relate to each component or where an EHS variable 


exists. The rules for each measure are: 


 Lofts to 250mm: EHS variable (EPulin05e) ‘Energy upgrade loft insu lation’ recorded  as ‘Yes’ 


 Solid  Wall Insulation: EHS variable (wallinsx) ‘type of wall and  insu lation’ recorded  as 


‘other’ 


 Cavity Wall: EHS variable (wallinsx) ‘type of wall and  insulation’ recorded  as ‘cavity 


uninsulated’ 


 New Double Glazing: Modified  EHS variable (typewin) ‘Predominant type of wind ow’ 


combined  to form three groups, single, double, mixed , recorded  as ‘single’ 


 Install Condensing Boilers: EHS variable (EPub lr5e) ‘Energy upgrade boiler’ recorded  as 


‘Yes’ 


 Install Gas Central Heating: EHS variable (heat7x) ‘primary heat system type‘ recorded  as 


‘room heaters’ or ‘portable heaters’ 


 Temperature ad justment: Direct temperature ad justment to EHS selected  sample  


 Draught Stripping: All dwelling are eligible for a degree of d raught stripping, with further 


d raught proofing if infiltration due to floors > 0.1 and  percent glazing draught proofed  <0.98  


 Trickle vents: All dwellings with no trickle vent or extract fan systems or extract fan only 


systems 


 Extract fans: All dwellings with no trickle vent or extract fan systems or trickle vents only  


The measures are app lied  by altering key parameters within the Build ing Efficiency Module. Table 40 


provides values of the ad justed  parameters. Sources for the parameters include RdSAP version 9.83 


(BRE and  DECC, 2009), which provides several tables relating to u -values of dwelling components 


with varying levels of energy efficiency. For infiltration ad justments , relevant d ata are sparse in the 


literature but we have used  figures informed by research from Warm Front that assessed  the impact of 


energy efficiency measures on airtightness is used  to determine the ad justment to infiltration rates 


within a dwelling post-intervention (Hong et al., 2004). 


 


Table 40 - Energy efficiency measures parameter adjustment values 


Intervention Component EHS variable Value Unit Source 


Lofts to 250mm insulation roof uvalue 0.2 W/ m2 K RdSAP v9.83 2005 


infiltration d irect ad justment 0.1 Nach Hong et al, 2004 


Wall Insulation 
(Solid  External) 


insulation external wall u -value 0.58 W/ m2 K RdSAP v9.83 2005 


infiltration d irect ad justment 0.2 Nach Hong et al, 2004 


Wall Insulation 
(Cavity fill) 


insulation external wall u -value 0.33 W/ m2 K RdSAP v9.83 2005 


infiltration d irect ad justment 0.2 Nach Hong et al, 2004 


Double Glazing insulation glazing u-value 2 W/ m2 K RdSAP v9.83 2005 


infiltration draught stripping 
percentage 


0.98 Nach RdSAP v9.83 2005 


Install Condensing 
Boilers 


efficiency main system efficiency 93 % RdSAP v9.83 2005 
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Install Central 
Heating 


temperature d irect temperature 
ad justment 


0.00395 °C Oreszczyn et al. 2006 


efficiency main system efficiency 92 % RdSAP v9.83 2005 


Draught Proofing infiltration floor infiltration 0.1 Nach RdSAP v9.83 2005 


infiltration glazing draught 
stripping percentage 


0.98 Nach RdSAP v9.83 2005 


infiltration d irect ad justment 0.2 Nach Hong et al, 2004 
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Figure 12 - Comparison of fabric heat loss and permeability distributions for EHS, Warm Front, and Stephen's 
BRE housing stock 


 


The exposure modelling also includes energy efficiency scenarios that, when applied  to the selected  


stock sample, generate a modified  exp osure. The changes in exposure are derived  by comparing the 


base exposure to the modified  exposure, either as no change, increased  or decreased .  These changes in 


exposure are then fed  into the health model by applying each exposure change to the occupants of the 


EHS house variant. 


Indoor temperature 


An estimate of the indoor temperature, which includes a rebound  or temperature take back effect was 


based  on analysis of data from an evaluation of the government’s Warm Front d omestic energy 


efficiency scheme6, described  fully by Oreszczyn et al. (2006) and  subsequently by Hamilton et al. 


                                                           
6
 The national evaluation gathered detailed  indoor environment and energy efficiency data from a subset of ~1600 
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(2011). The Warm Front evaluation established  a relationship between d welling heat transfer 


characteristic (E-value) and  indoor living room and  bedroom temperature when stand ar d ised  at 5 °C 


external, see Figure 13 below. 


 


 


Figure 13 - (a) and (b) Standardised internal temperatures (with upper and low er 95% confidence intervals) for 
Warm Front dwellings (modified from Oreszczyn et al. 2006) 


 


As in Hamilton et al. (2011), in this model we assume that an average of the stand ard ised  living room 


and  bedroom temperatures provides a usefu l estimate of heatin g season average whole-house 


temperatures. The values are not weighted  or ad justed  for other possible modifiers. This averaged  


temperature is also used  to determine the vapour pressure excess within the dwelling for the risk of 


mould  severity index >1. 


Risk of mould  


To calculate the probability of a dwelling hav ing a mould  severity index >1, a relationship found  in 


Warm Front that uses the stand ard ised  relative humid ity (see Figure 14 is applied  to each EHS 


variant. This method  uses a combination of the moisture content modelled  in CONTAM, and  the 


pred icted  internal temperature, and  is based  on ISO 13788 ‘Hygrothermal performance of bu ild ing 


components and  build ing elements -- Internal surface temperature to avoid  critical surface humid ity 


and  interstitial condensation -- Calculation methods’ (ISO, 2012). 


 


                                                                                                                                                                                     
dwellings. Winter indoor temperatures and relative humidity measurements were recorded every half hour during 
heating periods for at least 3 weeks by the use of data loggers located  in the living room and main bedroom. The 
resulting data are one of the few sources that combine property thermal characteristics, monitored temperature, relative 
humidity and mould  growth data. 
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Figure 14 - MSI and standardised internal relative humidity 


 


Pollutant exposure models 


Polynomial models that pred ict the concentration of each exposure (ETS, indoor and  outd oor PM 2.5, 


and  radon) are derived  for each of the ventilation case types (i.e. geometry x ventilation system x floor 


height). 


An absolute baseline concentration level is pred icted  for each d welling variant in the EHS for a given 


permeability using the polynomial models. The concentrations are revised  accord ing to the 


application of energy efficiency measures for any selected  sample of dwellings or households. The 


change in concentration drives the health impact. 


6.2.4 Targeting of interventions 


Long-stand ing illness and  d isease are included  under the Disability section of the face-to-face 


component of the household  interview. Household  age is coded  for each household  member. 


Household  income is derived  from interview d ata. Table 41 provides a description of how these are 


coded . 


 


Table 41 - EHS Household variable description 


People 


Sex 
Code first that applies 


(1) Male 
(2) Female 


DteofBth 
What is your date of birth 


For day not given… enter 15 for day  
For month not given… enter 6 for month  
DATE 


Ageif 
ASK IF: DteofBth <> EMPTY 


AND: (DteofBth = DONTKNOW) OR (DteofBth = REFUSAL) 
 
What was your age last birthday? 


98 or more = Code 97 
0..97 
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Disability 


LSILL 
Do you have any long-standing illness, disability or infirmity – by long-standing I mean anything that has 
troubled you over a period of time or that is likely to affect you over a period of time? 


(1) Yes 
(2) No 


[ASK IF: LSIll = Yes] 
Dstyp1 (multicoded  variable delivered  as ind icated  below) 


 
What type of illness or disability do you/does [name] have? 


CODE ALL THAT APPLY 
(0) No 
(1) Yes 
(-8) No answer 
(-9) Does not apply 


 
(1) Vision (DsVision) 
(2) Hearing (DsHearing) 
(3) Learning d ifficulty (DsLrnDf) 
(4) Mobility (DsMobility) 
(5) Breathing problems (DsBreath) 
(6) Heart d isease (DsHeart) 
(7) Mental health problems (DsMental) 
(8) Other (DsOther) 
(9) Don’t know (DsDKnw) 


Income 


Hhincx 
EHS Basic Income (annual net household income (HRP + Partner) including savings) 
£ 


 
N.B. 
The EHS Basic Income refers to the annual net income of the Household Reference Person (HRP) and  any 
partner from wages, pensions, other private sources, savings and  state benefits. Amounts are net i.e. after the 
deduction of Tax and  National Insurance where applicable. This income variable does not include any housing 
related  benefits/ allowances.  
 
Value derived  from BRE income model. A total combined  gross income of the HRP/ partner is calculated  for 
each household  that provided  income data (private income + benefit income + savings income). Income Tax 
and  National Insurance payable are calculated , where appropriate, and  these amounts are deducted  to give 
total net annual household  income. Low incomes on the dataset are  identified  and  brought up to at least basic 
income support (the justification for this being that it is likely that they are under - reporting their income for 
some reason; either deliberately or by mistake). Missing incomes of the HRP and  partner are assigned  based  on 
the median income of key groups from the weighted  EHS dataset. For more details see: ‘EHS 2011 Dictionary 
of derived  variables’ 


 


Chronic Obstructive Pulmonary Disease (COPD)  


For COPD we cross-tabu lated  ‘Long-stand ing illness’ and  ‘Breathing problems’ variables. Using the 


EHS variables LSILL=Yes and  DsBreath=Yes, the prevalence of COPD risk among the English 


Household  Population is estimated  as approximately 5.4%. Estimates for England  place COPD at 3.6% 


(males 4.5%, females 2.8%). 


Heart disease 


For heart d isease we cross-tabulated  ‘Long-stand ing illness’ and  ‘Heart d isease’ variables. Using the 


EHS variables LSILL=Yes and  DsHeart=Yes, the prevalence of heart d isease risk among the English 


Household  Population is estimated  as approximately 3.95% Estimates for England  place heart d isease 


at 5.8% (males 7.0%, females 4.7%). 


Mental Health 


For mental health, we used  the ‘Mental health’ variable. Using the EHS variables DsMental=Yes, the 


prevalence of mental health d isease among the English Household  Population is estimated  as 


approximately 1.92%. Estimates for England  place Common Mental Disorder (CMD) at 16% (males 
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13.6%, females 19.5%). 


Elderly households 


For elderly households, we used  the derived  household  occupant age variable.  Using the EHS variable 


age => 65 to identify elderly households. The prevalence of EHS household s with an elderly occupant 


is 12%. 


Low-income 


For low-income status, we used  the ‘Net Annual Household  Income’ variable.  The lowest quintile of 


hhin5x=1 (i.e. 20%) is used  to ch aracterise low-income households. 


6.2.5 Input parameters 


Table 42 provides a list of key input parameters used  in the build ing physics mod el (CONTAM).  


 


 


 


 


Table 42 - Key input parameters used in CONTAM with sources  


CONTAM Variable Value Unit Source 


General Number of 
occupants 


Varies across 
stock 


Integral (Department for Communities and  Local 
Government, 2012) 


Indoor 
temperature 


Varies with time ˚C (FMNectar, 2007) 


Geometry Ground floor 
area 


Varies across 
stock 


m 2 (Department for Communities and  Local 
Government, 2012) 


Height Varies across 
stock 


m (Department for Communities and  Local 
Government, 2012) 


Number of 
rooms 


Varies across 
stock 


Integral (Department for Communities and  Local 
Government, 2012) 


Number of 
storeys 


Varies across 
stock 


Integral (Department for Communities and  Local 
Government, 2012) 


Window 
d imensions 


Varies across 
stock  


m 2 (HM Government, 2010b) 


Door 
d imensions 


2  0.8 m  m (Oikonomou et al., 2012) 


Outdoor 
conditions 


Weather (d ry 
bulb 
temperature, 
wet bulb 
temperature, 
atmospheric 
pressure, 
global solar 
rad iation, 
d iffuse solar 
rad iation, 
cloud  cover, 
wind  speed , 
wind  d irection) 


Varies with time ˚C, ˚C, hPa, 
Wh/ m 2, 
Wh/ m 2, 
oktas, 
knots, 
degrees 
clockwise 
from North 


(The Chartered  Institution of Build ing 
Services Engineering, 2010) 


Wind  pressure 
coefficients on 
build ing 
façade 


Varies with 
orientation of 
façade 


Unitless (Swami and  Chandra, 1987) 


Ventilation Build ing 
envelope 
permeability 


Varies across 
stock 


m 3/ m 2/ h@
50Pa 


(BRE, 2012; Department for Communities 
and  Local Government, 2012) 


Door leakiness 1% of airflow m 2 (Shrubsole et al., 2012) 
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when door fully 
open 


Ventilation 
system type 


Varies across 
stock 


Unitless (Department for Communities and  Local 
Government, 2012) 


Trickle vent 
size 


Number varies 
across stock 


Effective 
opening 
area: m 2 


(HM Government, 2010b) 


Extract fan 
ventilation rate 


Varies across 
stock 


l/ s (HM Government, 2010b) 


Air bricks Number varies 
across the stock 


Open area: 
m 2 


(BS5250 section 8.5.3) 


Loft ventilators Varies across 
stock 


Open area: 
m 2 


(BS5250 section 8.4.2.2.3.2) 


Contaminants PM2.5 
deposition rate 


0.39 / h (Ozkaynak et al., 1996)6) 


PM2.5 


generation rate 
1.6 mg/ min (Ozkaynak et al., 1996)6) 


PM2.5 ambient 
concentration 


13 µg/ m 3 (Shrubsole et al., 2012) 


Radon 
emission rate 


Varies across 
stock 


Bq/ m 3 (Fang and  Persily, 1995; Gray et al., 
2009)b) 


ETS emission 
rate 


0.99  mg/ min (Afshari et al., 2005; He, 2004) 


Number of 
cigarettes 
smoked/ day 
(indoors) 


7 Unitless (The NHS Information Centre, 2011) 


Moisture 
emission rate 
(sleeping) per 
person 


40 g/ hr (FMNectar, 2007) 


Moisture 
emission rate 
(gas cooking) 


3000 g/ day (FMNectar, 2007) 


Moisture 
emission rate 
(bathing and  
washing) per 
person 


200 g/ day (FMNectar, 2007) 


Schedules Cooking time 15 minutes for 
breakfast and  30 
minutes for 
d inner on a 
weekday, and an 
additional 30 
minutes for lunch 
on weekends. 


mins (Wilkinson et al., 2009) 


Bathing time Depends on 
number of 
occupants 


mins (Shrubsole et al., 2012) 


Smoking time 
per cigarette 


5 mins (Afshari et al., 2005; He, 2004) 


Window 
opening time 


During cooking 
times in the 
kitchen and  
bathing times in 
the bathrooms in 
the winter, and  
additionally 
between 9am-5pm 
in the summer 


mins (Wilkinson et al., 2009) 


Time spent 
sleeping 


8 hours in each 
bedroom 


mins (FMNectar, 2007) 





