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Glossary

Excess winter
death (EWD)

By convention established by Curwen for the UK,' 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
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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.? Under
the new definition, a household is said to be in fuel poverty if:
e lts required fuel costs are above the national median level
e 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.> 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.*

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




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.




Abbreviations

A&E  Accident and emergency

AF Atrial fibrillation

BMI Body Mass Index

Cl 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

FEV, Forced expiratory volume in 1 second (lung function)

GHQ General Health Questionnaire

JIA June, July, August (UK/northern hemisphere temperate region ‘summer’)

HSE Health Survey for England

ICD International Classification of Diseases (‘ICD-9’: 9" revision, ‘1ICD-10’: 10™ 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

Methods

Results

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.

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.

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.



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
guantitative 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.? ® 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,” which was subject to the 2012 “Hills review’ Getting the measure of fuel poverty.® 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.’ *°

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




e 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)

EconlLit

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:

e http://www.eagacharitabletrust.org/ (EAGA Charitable Trust)
e http://www.euro.who.int/en/health-topics/environment-and-health/Housing-and-health

(The World Health Organization Regional Office for Europe)
e http://www.energysavingtrust.org.uk/ (The Energy Saving Trust)
e 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)

12
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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

26,641
studies identified

10,498 duplicate studies

16,143
unique studies after removal of
duplicates

A 4

594 relevant by title

Four additional papers
from hand search

A 4

v

149
selection for review

¥—>

\4

139
final selection

&_» 15549 exclusions after
selection by title

\ 449 exclusions after

review of abstracts

10 exclusions after review
of full papers

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.
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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’ (1) 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.

14



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.

15



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’ (1‘) 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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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 2012°° and 2011*'). 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

14 quality rating

country comparisons -- of England & Wales vs Norway (Lake and Sverre 1996,
+/+) and of Ireland vs Norway (Clinch and Healy 2000,'* rating -/+) as well as multi-country
197 1 /+: the Eurowinter Group 1997,'* +/+, and

(+/+). Time-series studies that quantify the relationship of mortality or

comparisons within the European region (Healy 2003,
Keatinge et al 2000,
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,>* +/+) and of the United States
(Curriero et al 2002,** ++/++; Braga et al 2002,"* ++/++; Medina-Ramon and Schwartz 2007,
++/++; Anderson and Bell 2009, ++/++) as well as across Europe (Analitis et al 2008,% rating ++/++)
and worldwide (Barnett et al 2005, +/+).%

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

“ showed that the excess

the explanations for those differences. A 1996 study by Laaki and Sverre,’
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,**® 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,"®” 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 Hea/y.lw

Country Seasonal variation in mortality (95% Cl)

Austria 0.14 (0.12t0 0.16)
Belgium 0.13(0.09t0 0.17)
Denmark 0.12 (0.10to 0.14)
Finland 0.10 (0.07 to 0.13)
France 0.13(0.11to0 0.15)
Germany 0.11 (0.09t0 0.13)
Greece 0.18 (0.15t0 0.21)
Ireland 0.21 (0.18 t0 0.24)
Italy 0.16 (0.14 t0 0.18)
Luxembourg 0.12 (0.08 t0 0.16)
Netherlands 0.11 (0.09t0 0.13)
Portugal 0.28 (0.25t0 0.31)
Spain 0.21 (0.19 t0 0.23)
UK 0.18 (0.16 to 0.20)
Mean 0.16 (0.14t0 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.'”’

)'*? (rating +/+) assessed the question of the degree to

Earlier work by the Eurowinter Group (1997
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
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

further developed in Keatinge et al 2000,

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.”**
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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, 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)% 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)>* 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)'** 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-Ramén and Schwartz” 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,
showeed that greater variance of winter temperature was associated with larger effects for cold
days on respiratory deaths. Another US study (Anderson and Bell 2009°°) 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.

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

Analysis of data by region of England for the 2013 Evaluation of England’s

functions for different regions.®

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

Region: Threshold % change in deaths (95% Cl)
(°C)
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 (-/+
(125) +/+ (107144 88 142) gne +4/+4+ %) showing a relatively higher rate of EWD in countries with milder
winters than in those with colder winters. The role of housing standards (**’) and appropriate
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%) is hypothesized as being important by some. This is supported by moderate evidence

114 75

clothing (

). Two (from Spain,>* and
52 114

from three studies looking at variations within countries (+/+ bt ++
the US™) found that effects of cold were greater in cities with warmer climates ( ) but lesser in
cities with higher temperature variability (**). Medina-Ramon (’°) 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 (+/+ *°, * and ++/++ %) looked at differences between regions within
England and Wales. Two *, *" found no clear patterns of geographical trends and one”* 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 +/+).>° 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.%° The data suggest some degree of
levelling off in the decline over the last decade or so.

192 who analysed the

A decline over time was also reported by Maheswaran et al (2004, rating +/+)
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.'® In Scotland, Gemmell
and colleagues (2000,"’ 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.’”

A study by Carson and colleagues (2006,”® rating +/+) suggests that the decline in excess winter
deaths in London, and specifically of cold-related deaths, has occurred across the 20" 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,% 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.”
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A 150 year study of temperature-related excess mortality in the Dutch population by Ekamper et al
2009, (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.”

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 UK*® *® 7 78 and 3 (all +)
internationally.”’ *° 3
the countries of the UK when looked at: across England and Wales,* within the South Yorkshire

These studies provide strong evidence of a reduction in excess winter deaths in

Coalfields HAZ,'% in Scotland™® and in London.”® International evidence is more mixed, with 1 +
study from Spain”’ showing a reduction in the lagged effects of cold on mortality, 1 + from the
Netherlands® showing a decline in cold effects in infants but an increase in effects on 75+ age
groups and 1 + from New Zealand” 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 77102 122 124 England and Wales,** # %816 5cotland,™ Y the UK
(Britain),104 118 d,® the Czech Republic,61 Denmark,** France,* Greece,® 1% 1328 36 375 the
Netherlands,” **® Norway,™** Spain,” *° ** *®* sweden,”* **” and Europe,” as well as studies from

Japan,11 South Korea,'® Taiwan,” ** and New Zealand,” and from Canada®* *** and the USA.”% 82 %8
131 143

Irelan Italy,

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 *!) 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. ™
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Another exception is a Danish case-crossover study of Wichmann et al (2012, * ++/++) 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, 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).”*

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,
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,

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

rating ++/++) of hip fracture incidence among

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 report® 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,"* 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, 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.™
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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 +41618 4 4 77102 122120 "4 from England and Wales (1++ 24130 1 4t 48)
2 from Scotland (1++ **, 1+) and 2 from Britain (1 ++ '®, 1+ '®)), 6 from Italy (3 + > 2*’, 1 each - *°
-/+3%) 5 from the USA (4++ 28 % and 1 + ), 4 from Spain (1++ =, 3+ *°213%) 1 from France
(+31), Greece (1 + ® + '), the Netherlands (1 + *°, 1 ++ %), Japan (1 ++ '), Taiwan (both +* %),

Sweden (1 ++11 +137), Canada (1 + 1341 ++ 135), 1 ++ each from Ireland'®, Denmark®* and Europe,6
144

5

1 + each from the Czech Republic,®* Norway,™** South Korea,'* New Zealand.”

All apart from 5 ® 3* 1 3> 1% £f5und 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

135*) or no strong relationship with age (*****). A

higher risk among younger men and women (
Danish case-crossover study (>***) found greater susceptibility to myocardial infarction among 19-65
year olds and a study in the Czech Republic (***) 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 (*°,
*). 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 (****). Analysis of the Cold Winter Plan
evaluation®® confirms a rise across age groups in the relative risk associated with a 1°C drop in
temperature below the cold threshold. This threshold varies by region but is around 6°C.

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,'®> *** England & Wales,*® ** %
the UK, Scotland,™’ Czech Republic,®’ Denmark,** Greece,® ' Italy,* ** Spain,” ”° Sweden,”’ S
Korea,'® New Zealand,” ”* Canada,™ USA,? % 131 % and internationally.®®

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,%° and ONS 2012,* 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)."**

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.* Time-series analyses by Hajat et al 2007,”* 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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19 (rating

Donaldson and Keatinge’s (2003) analysis of cold-related mortality in England and Wales
+/+) 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

102 rating +/+) found that the winter excess ratios

Action Zone by Maheswaran and colleagues (2004,
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,''” 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,"* 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,%® 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.®

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, rating -/- ; a New Zealand study by Davie et al 2007,” rating +/+; a Spanish study by Diaz et
al 2006,” rating ++/+; a US study by Schwartz 2005, rating ++/++; a study by Panagiotakos 2004,'*
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,
rating +/+, of ischemic stroke onset and decrease in temperature over a 3-year period in Incheon,

37 rating +/+, of slipping on snow and ice. Several

Korea; a Swedish study by Bjornstig et al 1997,
other studies have reported no clear difference: a study by Gomez-Acebo et al 2013," 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, 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,% 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,% 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,**® rating ++/+, and a study by Macey and Schneider 1993,
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
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mortality effects were most pronounced and most direct in middle-aged men (25-59 years).*". 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.**

ES1.4 Summary evidence statement — gender

Twenty five included studies consider the role of gender: 7 are from the UK (2 + from England*® ***

three + from England & Wales® ¥ one + from Scotland'*” and 1 ++ from the UK'®) 4 from the
USA (2 ++¥ % and 2 + ' %), 2 each from New Zealand (1 + * 7°), Greece (1 +/-%, one +'®), Italy (1

+/-* 1 -55), Spain (both ++ 13 79), 1 + each from Czech Republic,61 Sweden,™’ 108
135

7’

South Korea,
internationally®and 1 ++ each from Denmark®* and Canada.

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

male bias for deaths from cold in those aged 60+ (****), while two others reported greater relative
risks in men compared to women: one of cardiovascular mortality in the Czech Rebublic (+)** and
one of acute myocardial infarction in Denmark (++)**. The other studies found small excess risks for
30 102 73 124 13 55 137 108 98 79 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
104+ and 1.07 (1.03, 1.11) in an international study of

women ( ) or no clear difference (

1.23 in a study from UK general practice

coronary events %",

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 (+),”* and by
Hales et al 2012 (+),% 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-Ramon et al 2006, (++/+), reported evidence that the black population
was more at risk of heat-related risk but not of cold,®* 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.”® Schwartz 2005,%, 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,"*° 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 + "> ?* ) and 4 from the US (3 ++ *° #
% and 1+ ). 2 studies from New Zealand (+),”® % 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-Ramon® reported evidence that the black population was more at risk
of heat-related risk but not of cold while Anderson and Bell,*®
reported higher susceptibility to cold for communities with a higher percentage of African

in an analysis of data from 107 cities,

Americans. Schwartz,” 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'* 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,* showed no clear evidence for association with
respiratory mortality, and the study by Medina-Ramon et al 2006% 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 causes***".

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,'® ’® England and Wales,*® Scotland,’” Ireland,** *®
Finland,” The Netherlands,*® Spain,”® ”° '** Japan (hyperglycaemia as effect modifier for
cardiovascular outcome),'! and The United States™ fall in this category among reviewed studies.
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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 2013 Mortality and hospital admissions | Time series ++ | ++
(epidemiological analyses for the 2013
CWP evaluation)
McGuinn et al 2013 Activation of implanatable cardiac | Time series ++ |+
defibrillators (a marker of severe or
life-threatening cardiac arrhythmia),
SE England
Carson et al 2006 Changing patterns of weather- | Time series + ++
sensitive disease over the 20"
century, London
Maheswaran et al 2004 | Excess ~ winter ~ mortality  and Excess + +
emergency hospital admissions in the winter
South Yorkshire Coalfields Health | mortality/ad
Action Zone for cardiovascular (as well mission
as respiratory and other causes)
Wilkinson et al 2001"** Excess winter death for cardiovascular EWDI + +
(as well as respiratory and other)
causes
Donaldson and Keatinge | Mortality from ischaemic heart and Poisson + +
1997 cerebrovascular disease (as well as analysis of
respiratory disease) low
temperature
days
England Office for National | Analyses of  routine  mortality Seasonal + +
and Statistics 2012*° registration data by region (EWDI
Wales Office for National | Analyses of routine  mortality Seasonal + +
Statistics 2011* registration data by region (EWDI
Bhaskaran et al 2010% Myocardial infarction in England and Time series ++ | ++
Wales
Temperature-relatd mortality from Time series ++ | ++
Hajat et al 2007"* cardiovascular (as well as from
respiratory and external causes)
Death rates from all causes and Time series + +
Langford and Bentham | ischaemic heart disease and
1995 cerebrovascular disease (as well as
from chronic bronchitis, pneumonia).
Northern Morris et al 20077 Circulatory (and respiratory) death Monthly + ++
Ireland analyses
Ireland Callaly et al 2013" + +
Czech . Kysely et a20091°" Cardiovascular mortality Analysis of + +
Republic cold spells
Denmark Wichmann et al 2012 Acute myocardial infarction admission Case cross ++ | ++
over
Italy de Donato et al 2013" 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 2011°° Heart failure Seasonal + -
Abrignani et al 2009°° Acutg myocardial infarction Daily‘ - -
admissions correlation
Spain Mortality from cardiovascular disease Case ++ +
Gomez-Acebo et al 2013" | (as well as respiratory diseases and crossover
cancer)
Iniguez et al 2010 cardio-respiratory mortality Time series + +
Sweden Cardiovascular (and respiratory and Time series ++ +
Rocklov et al 2011 noncardio-respiratory) mortality, (by season)
Stockholm
Rocklov and Forsberg | Cardiovascular and respiratory Time series ++ | ++
2008"* mortality, Stockholm
Europe Analitis et al 20085 Card‘iovascular, cerebrovascular (and Time series ++ | ++
respiratory) deaths
Japan Cardiovascular mortality Case cross- ++ +
Atsumi et al 2013" over of
cohort
Taiwan Wu et al 2011% Cardiovascular mortality Spatia.ll + +
regression
Chen et al 2010% Cardiovascular mortality Spatia.\I + -
regression
Yang et al 2009% Cardiovascular mortality Spatial - -
New Mortality by cause (diseases of the Seasonal + +
Zealand circulatory system accounted for 47% (monthly)
of all analysis
Davie et al 2007” excess winter deaths from 1996-2000
with mortality from diseases of the
respiratory system
accounting for 31%)
Australia Ambulance attendance for Time series ++ | ++
Turner et al 2012** cardiovascular (and respiratory)
conditions
Canada Bayentin et al 2010"” H.ospital admission for ischaemic heart | Time se.ries 