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In 2012 while the world was 
watching the London Olympic 
and Paralympic Games, 41% of 
those living in the tower blocks 
of Newham, a stone’s throw 
from the stadium, are classified 
inactive. The recent Lancet 
editorial on physical activity says 
that inactivity contributes to 9%  
of premature deaths worldwide 
which is an equivalent burden 
to health as smoking1.

The evidence over the past 10 years 
has now made inactivity perhaps the 
greatest threat to physical and mental 
health and a key contributing factor 
to the rise in diabetes and many 
other long term conditions. Increasing 
evidence is showing that inactivity is 
as an important risk factor for many 
chronic health conditions as smoking, 
hypertension and an even greater risk 
factor than obesity. 

The King’s Fund said “Caring for 
people with long-term conditions –  
for example, heart disease, asthma 
and diabetes – is a major element of 
the NHS’s work. There are 15.4 million 
people in England with at least one 
long-term condition, and it is thought 
many more are not yet diagnosed. 
Three out of every five people aged 
over 60 in England suffer from a 
long-term condition. The UK economy 
stands to lose £16 billion over the  
next 10 years through premature 
deaths due to heart disease, stroke 
and diabetes.”

contents

As a legacy of the London 2012 
Games, NHS London has initiated 
a programme called My Best Move 
to get those people with Long Term 
Conditions more active. The first stage 
of My Best Move delivered training 
to over 60 practices covering almost 
every London borough. The second 
stage will be to distribute this leaflet 
and have trained GPs delivering 
training to their neighbouring 
practices with the aim that all practices 
in London will eventually have a basic 
understanding of how and when to 
promote physical activity.

This booklet is to help primary care 
staff to use physical activity in the  
care of their patients. But it is a 
start and should be seen as work in 
progress. We have only tackled eight 
long term conditions and we want 
to know which further ones to add. 
We want this book to be used in the 
consultation to help GPs feel confident 
in recommending physical activity.  

Please do not hesitate to contact 
us and tell us what is good and 
what is bad about this booklet and 
accompanying training and how  
we might change things in the  
next version.
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•	More premature deaths will be 
prevented by addressing very low 
levels of cardiorespiratory fitness in  
a local population than for any  
other risk factor.

•	Physical activity is as effective as 
many other therapies in treating  
long term conditions. 

Physical activity is a lifestyle factor 
in disease and premature mortality, 
along with diet, smoking and alcohol. 
Lifestyle factors account for 80% of 
long term conditions in the UK. 

The importance of each lifestyle 
factor can be calculated in terms of 
the magnitude of its effect on an 
individual or the effect it has on a 
population if everyone with that 
unhealthy lifestyle changed to a  
healthy lifestyle. 

A UK study following up 4886 adults 
for 20 years looked at the individual 
risk of each of four main lifestyle 
factors2. The researchers calculated 
how much the risk factors contributed 
to all-cause mortality, CVD and cancer 
mortality based on each health 
behaviour. For physical activity the 
population was divided into those 
completing >2 hours and <2 hours of 
leisure time activity per week. In Figure 
1 the results show that smoking and 
inactivity have equal all-cause mortality 
hazard ratios but that for cardiovascular 
disease physical inactivity is the most 
important risk factor.

To estimate population risk, we 
need to know the effect it has on 
each individual but also how many 
people are affected. This allows 
the calculation of the attributable 
fraction. In Figure 2 the attributable 
fraction is an estimate of the number 
of deaths in a population that would 
have been avoided if a specific risk 

How important is Physical activity?

A

factor had been absent. That is, if 
all smokers were non-smokers or all 
those with low Cardio Respiratory 
Fitness (CRF) improved their fitnessS. 
The data is based on follow-up of a 
large population of women and men 
in the Aerobics Centre Longitudinal 
Study (ACLS)3. This study reported, 
as shown graphically below, that low 
cardiorespiratory fitness (CRF) accounts 
for about 16% of all deaths in both 
women and men in this population, 
and this is significantly more, with  
the exception of hypertension in men, 
than the other risk factors.

S CRF = Cardiorespiratory Fitness. 
This is an objective measurement  
involving performing a maximal aerobic  
test on a treadmill

Figure 1: Individual health behaviours in relation to mortality risk in  
4,886 men and women 18 yrs or older at baseline in 1984-1985 (Kvaavik, 2010)
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Increasing levels of physical activity  
and in particular cardio-respiratory 
fitness should be a priority for primary 
care and public health to both 
prevent and treat the main long term 
conditions affecting the UK. 

In the recent Lancet series on physical 
activity the population attributable 
fraction of mortality due to inactivity 
was calculated for every country for 
four diseases and all-cause mortality. 
The data shows that physical inactivity 
contributes more to mortality than 
almost every other large country in the 
world even when compared to the US 
which is generally considered to have 
worse obesity problems than the UK 
(see figure 3). 

Cost of physical activity

The Cabinet Office calculated that 
physical inactivity costs England over 
£8.2 billion4. This includes direct 
health costs and indirect costs such  
as absenteeism, premature death  
and social care. 

How important is Physical activity?

Figure 2: Attributable fractions (%) for all-cause deaths in 40,842 (3,333 deaths) men  
and 12,943 (491 deaths) women in the Aerobics Centre Longitudinal Study (Blair, 2009) 
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Direct cost savings to the NHS in 
London through physical activity

There are 4,134 FTE GPs in London. 
If each GP managed to convert two 
inactive patients per month to become 
active, then over one year a total of 
about 10,000 patients will have been 
lifted out of inactivity. This is just over 
5% from the current total of 1.8 
million inactive patients doing less than 
30 minutes a week.  

Allender et al5 calculated that the direct 
cost to the NHS of physical inactivity 
in England was £1.06 billion per year. 
This is acknowledged by the authors 
as being an underestimate since 
arthritis, prevention of falls and the 
social care required to look after the 
elderly who have become dependent 
due to inactivity are not included. It 
also does not include the large burden 
on mental health. Table 1 shows the 
costs of inactivity for each disease area. 
This is further adapted for London 
which has 6.1 million adults or 14.7% 
of England’s adult population of 41.4 
million adults.

Getting more patients active is  
based on sound economics6 for GPs. 
Patients who are inactive have:

•	38% more days in hospital

•	5.5% more family physician visits

•	13% more specialist services

•	12% more nurse visits

Table 1: Using data from the Allender et al study to calculate the approximate NHS savings from just five disease areas by lifting 5%  
of the inactive population into activity. The savings of £7.8 million exclude potential savings from musculoskeletal, respiratory disease, 
mental health and general NHS care of the frail elderly

Disease % of total  
NHS costs

Direct costs  
2002 (£ million)

Cost due to 
physical inactivity 

Cost due to 
physical inactivityF

(£m London)

Potential saving 
through My Best 

MoveS  
(£m London)

Ischaemic  
Heart Disease

3.3 2287 526 77 3.8

Cerebrovascular 
Disease

4.1 2892 347 51 2.5

Breast  
Cancer

0.3 240 26 4 0.3

Colorectal  
Cancer

0.5 383 61 9 0.45

Diabetes 1 675 101 15 0.75

Total 9.2 6477 1061 156 7.8

F 7% of all adults living in England 
(41.4 million) are in London (6.1 million)

S 1.83 million London adults (30%) are 
inactive (< 30mins activity per week). 
An assumption is made lifting 100,000 
people out of inactivity will reduce the 
burden of direct NHS costs by about 5%. 
(100,000/1830000=0.055)

Figure 3: Population Attributable Fraction of mortality due to Inactivity (%). Lee I-M et al. 
Effects of physical inactivity on major non-communicable diseases worldwide: an analysis of burden  
of disease and life expectancy. The Lancet 2012 Published online July 18.
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How do you measure intensity  
of activity?

There are two ways in which the 
intensity of activity can be defined:  
the MET and Kcal/min.

The MET is short for Metabolic 
Equivalent. One MET is the energy 
you use when you are dozing on the 
couch. It is the energy required to 
keep your heart, liver, brain, muscles 
functioning and is equivalent to your 
basal metabolic rate (BMR). Two METS 
therefore uses up twice that amount 
of energy. The average person walking 
will be using 3-4 METS and running 
uses between 5-12 METS. See the table 
below for some examples of activities 
and their metabolic equivalent.

The kCal/min is the number of calories 
you burn up for each activity. However 
unlike the MET which is a ratio, kCal/
min depends on the person’s weight as 
a heavy person requires more energy 
to move. A 60kg person walking at 4 
mph uses up 5.4kCal/min but a 75kg 
person uses up 6.5kCal/min.

What is Cardiorespiratory  
Fitness (CRF)?

Everyone is capable of an individual 
maximum amount of aerobic physical 
activity. This is defined as cardio-
respiratory fitness and is strongly 
related to the risk of all-cause mortality. 
It can be measured in METS or in terms 
of oxygen consumption as VO

2maX.
 

Cardio-respiratory fitness declines  
with age by about 10% per decade. 
Most people reach their cardio-
respiratory fitness peak in their 

A few basics about physical activity

mid-twenties. The rate of decline is 
influenced by genetics, illness and the 
amount of physical activity that people 
do. Someone with a cardio respiratory 
fitness of 10 METS would only be able 
to carry out an activity of 10 METS for 
a few minutes or so before becoming 
exhausted. However an activity of 5 
METS would account for 50% of  
their oxygen uptake so they would 
feel very comfortable in the ‘moderate 
activity’ range. 

How do you measure 
cardiorespiratory fitness? 

The gold standard method to assess 
cardiorespiratory fitness is to measure 
oxygen uptake while performing 
exercise. This is usually done using 
a treadmill or cycle ergometer. The 
person is asked to exercise to their 
maximal output. This is not only 
uncomfortable but also limited to those 
who have been screened and deemed 
not at risk and the test needs to be 
carried out in a controlled environment. 
There are many sub-maximal measures 
which will give a reasonably accurate 
indication of CRF. A ready calculation  
of CRF can be made using an algorithm 
derived from measurements of CRF in 
large populations7 under laboratory 
conditions. 

02
Table 2: Minimum cardiorespiratory fitness by age and gender (METS), below which  
there is a significant increase in cardiovascular risk8. 8 METs is approximately equivalent 
to walking continuously at 4mph for 1 mile. 6 METS is equivalent to walking at 3mph

Age (years) 40 50 60

Men 9 8 7

Women 7 6 6

Maximum Fitness Comment

<3 METS
Severely limited functional capacity.  
Candidate for a heart transplant.

3-5 METS
Poor prognosis in cardiac patients.  
Highly deconditioned individual.

8 METS
This is the minimum for good health in middle aged 
population and younger

10 METS
Good prognosis for cardiac patients on medical therapy. 
Approximate value for regularly active middle aged 
patients.

13 METS Excellent prognosis regardless of disease status

18 METS Athletes

20 METS World class athletes

Table 3: a comparison of different MET values and how they relate to stages of health

A 1 MET increase in CRF reduces 
all-cause and CHD/CVD mortality by 
13% and 15% respectively. This is 
comparable to a:

•	7 cm reduction in waist 
circumference9

•	5 mmHg fall in systolic blood 
pressure10 

•	1-mmol/L fall in triglyceride level11 

•	1-mmol/L fall in fasting plasma 
glucose12

•	0.2 mmol/L increase in HDL13. 

To demonstrate 
minimal fitness for 

their health a middle 
aged person should 

be able to walk at 
3mph for 1 mile 

comfortably.  
For those over 70yrs 

this walking speed 
will outpace the 

walking speed of the 
Grim ReaperF.How are activities categorised  

into moderate or vigorous?

Activities are graded according to the 
amount of energy you expend doing 
them. Activities that expend 3-6 METS 
are classed as moderate activity. Above 
6 METS they are classed as vigorous 
activity. 

However this is not accurate for 
everyone. For example if an activity 
like walking at 4mph has an intensity 
of 4.5 METS then someone who has a 
fitness level of 9 METS will be working 
at 50% of their maximum capacity 
which is defined as “moderate”. 
However someone much older or less 
fit with a fitness level of 6 METS will be 
working at 75% of their capacity which 
is defined for them as “vigorous”. 
The same activity will therefore feel 
“moderate” for the fit person but 
“vigorous” for the unfit person. 

So it is more accurate to define an 
activity according to the patient’s 
experience when doing it. Box 1 shows 
the definitions that are used by the 
Department of Health.

Patients can use their heart rate to 
determine the intensity of the activity. 
Moderate and vigorous activity is 
64-76% and 77-93% of the maximal 
heart rate respectively. The maximum 
heart rate is calculated at 220 minus 
age although there is a large standard 
error14. Patients on beta-blockers or 
with arrhythmias cannot calculate their 
percentage heart rate.

Box 1: Definition of Moderate and 
Vigorous Activity (Department of  
Health 2011)

Physical activity needs to be of at 
least moderate intensity to benefit 
health. A person who is doing 
moderate intensity activity will 
usually experience an increase in 
breathing rate and an increase in 
heart rate, will feel warmer and may 
sweat on hot or humid days. 

Someone undertaking vigorous 
intensity physical activity will usually 
be breathing very hard, be short of 
breath, have a rapid heartbeat and 
be unable to carry on a conversation.

 

 

In the UK 5.3 million 
people aged between 

25 and 64yrs have 
such low fitness 

that they would find 
walking at 3mph a 
vigorous activityS.

F Stanaway FF et al How fast does the 
Grim Reaper walk? Receiver operating 
characteristics curve analysis in healthy 
men aged 70 and over: BMJ. 2011; 
343: d7679

	Paul Kelly, Marie Murphy, Pekka Oja, 
Elaine M. Murtagh, Charlie Foster. 
Estimates of the number of people  
in England who attain or exceed  
vigorous intensity exercise by walking  
at 3 mph. Journal of Sports Sciences 
Vol. 29,Iss. 15 2011

S
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Key terms15

Physical activity is defined as any 
movement (or force) exerted by skeletal 
muscle that leads to an increase in 
energy expenditure above rest.

Exercise is usually described as a 
subcomponent of physical activity  
that is planned and/or structured.

Training involves a clear goal of 
increasing performance capacity in 
various types of physical activity,  
such as in athletics.

Types of physical activity include:

•	Aerobic

•	Strength (resistance)

•	Flexibility, core stability, balance and 
proprioception

Aerobic exercise is any activity that 
raises your heart rate and makes you 
slightly breathless. Walking is the 
most frequently undertaken aerobic 
activity and can be varied by intensity, 
duration and frequency at no cost. 
Other forms of aerobic exercise include 
swimming, aqua-aerobics, cycling and 
cross-training which are low weight 
bearing and may be more suitable 
for those who are unable to tolerate 
weight bearing exercises. Other than 
that, jogging and playing sport are 
other forms of physical activity which 
are usually at a moderate to vigorous 
intensity.

Types of Physical Activity

Strength (resistance) exercises 
are activities that improve muscle 
tone and strength. This can help 
support joints, improve posture and 
movement. Resistance training involves 
moving muscles against some form 
of resistance. This can be achieved by 
working against one’s body weight 
or lifting everyday objects or using 
dumb-bells or weight-lifting machines. 
This may need some initial guidance 
through a physiotherapist or a gym 
instructor. The aim is to do this twice  
a week. 

Flexibility, core stability, balance 
and proprioception exercise improve 
balance, general well-being and helps 
to prevent falls and injuries. These 
types of exercises can initially be 
recommended to patients under the 
guidance of a physiotherapist or fitness 
instructor. Certain exercises such as 
yoga, Pilates and Tai Chi can also help 
to improve these aspects of physical 
conditioning.

Physical activity does not need to be 
done in a gym. Daily activities such as 
hoovering and DIY are also considered 
as physical activity.

03

The term exercise is 
best avoided when 

talking to an inactive 
patient. Exercise is 

often associated 
with discomfort and 

sweating that requires 
a change of clothing 

and a shower!  
The aim is to increase 
ordinary daily physical 

activity such as 
walking and cycling.

Physical Activity Guidelines

04
What are the current UK  
physical activity guidelines? 

In July 2011 all four Chief Medical 
Officers within the United Kingdom 
issued consensus guidelines16. These 
guidelines are in broad agreement with 
WHO, US and Canadian guidelines. 
The previous recommendation was 
5 x 30mins of moderate activity a 
week. What is new since the 5x30 
recommendation is:

•	A stronger recognition of the role of 
vigorous intensity activity

•	The flexibility to combine moderate 
and vigorous intensity activity

•	An emphasis upon daily activity

•	New guidelines on sedentary 
behaviour.

Sedentary behaviour

Many adults spend in excess 
of seven hours per day being 
sedentary and this increases with 
age. New evidence suggests that 
sedentary behaviour is adversely 
and independently associated 
with obesity, insulin resistance, 
Type2 diabetes, some cancers, 
cardiovascular disease and all-cause 
mortality. In other words prolonged 
sedentary behaviour cannot be 
compensated for by undertaking  
the 150 minutes of moderate 
physical activity17,18.  

Physical activity guidelines  
for adults

•	Adults should aim to be active daily. 

•	Over a week, activity should add up 
to at least 150 minutes (2½ hours) of 
moderate intensity activity in bouts 
of 10 minutes or more – one way to 
approach this is to do 30 minutes on 
at least 5 days a week. 

•	Alternatively, comparable benefits 
can be achieved through 75 minutes 
of vigorous intensity activity spread 
across the week or a combination 
of moderate and vigorous intensity 
activity.

•	Adults should also undertake physical 
activity to improve muscle strength 
on at least two days a week.

•	All adults should minimise the 
amount of time spent being 
sedentary (sitting) for extended 
periods.

Muscle strengthening activities

Muscle strengthening activities 
have unique health benefits 
particularly in older adults. These 
include the benefits of enhancing 
muscle strength and the resulting 
improvements in functional ability 
and stimulation of bone formation. 
There are also additional benefits 
of resistance training on glucose 
metabolism and blood pressure. 
Ideally 8-12 repetitions of muscle 
strengthening activities involving 
all major muscle groups should be 
carried out two or more days  
a week19. 

Physical activity guidelines  
for elderly

•	Older adults who participate in any 
amount of physical activity gain 
some health benefits, including 
maintenance of good physical and 
cognitive function. Some physical 
activity is better than none, and more 
physical activity provides greater 
health benefits.

•	Older adults should aim to be active 
daily. Over a week, activity should 
add up to at least 150 minutes (2½ 
hours) of moderate intensity activity 
in bouts of 10 minutes or more – one 
way to approach this is to do 30 
minutes on at least 5 days a week.

•	For those who are already regularly 
active at moderate intensity, 
comparable benefits can be achieved 
through 75 minutes of vigorous 
intensity activity spread across the 
week or a combination of moderate 
and vigorous activity.

•	Older adults should also undertake 
physical activity to improve muscle 
strength on at least two days a week.

•	Older adults at risk of falls should 
incorporate physical activity to 
improve balance and co-ordination 
on at least two days a week.

•	All older adults should minimise 
the amount of time spent being 
sedentary (sitting) for extended 
periods.

Volume of activity

Higher volumes of activity (greater 
than 150 minutes per week) are 
associated with additional health 
benefits. There is insufficient 
evidence to determine whether 
there are health benefits (other than 
greater weight loss) beyond 300 
minutes per week. 
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•	I nactive and overweight children 
are at higher risk of becoming 
obese adults20,21, with multiple 
comorbidities and rising health costs. 
Physical activity is beneficial at all 
stages during formative years and 
active play is important in physical, 
mental and social aspects of growth 
and development22. 

•	Modern day leisure activities and 
widespread use of technology have 
reduced children’s daily energy 
expenditure compared to their 
grandparent’s generation. High 
glycaemic index and high calorie  
fast foods are also much more  
readily available. The result of this 
equation is obvious – rising levels  
of childhood obesity.

•	Physical inactivity is also associated 
with hypertension23, metabolic risk24, 
mental health25 and reduced bone 
density26 in children as young as eight 
years old. Hence, the message that 
physical activity needs to start early  
in childhood.

Physical Activity and Children

Physical activity guidelines  
for children27

Under fives

Physical activity should be encouraged 
from birth, particularly through floor-
based play and water-based activities  
in safe environments.

All under 5s should minimise the 
amount of time spent being sedentary 
(being restrained or sitting) for 
extended periods (except time spent 
sleeping).

Children of pre-school age who are 
capable of walking unaided should be 
physically active daily for at least 180 
minutes (3 hours), spread throughout 
the day.

5-18 years old

All children and young people should 
engage in moderate to vigorous 
intensity physical activity for at least  
60 minutes and up to several hours 
every day.

Vigorous intensity activities, including 
those that strengthen muscle and 
bone, should be incorporated at least 
three days a week.

All children and young people should 
minimise the amount of time spent 
being sedentary (sitting) for extended 
periods.

05
The prevalence of inactivity

06
How many people are inactive?

•	About 66% of adults do less than 
150 minutes of activity a week. 
However, 75% of men and 67% 
of women believe that they are 
sufficiently active28. 

•	Self-reported measures of physical 
activity show that only 39% of 
men and 29% of women aged 16 
and over meet the Government’s 
recommendation for physical activity. 
However when an objective measure 
(using accelerometry) was used,  
the figures dropped to only 6% of 
men and 4% of women. The group 
with the highest levels of activity 
were those aged 16-34 showing 
levels of 11% and 8% respectively. 
Health Survey of England 2008.  
NHS Information centre

•	All ages benefit from being active 
but the benefits are greatest in the 
elderly. However there is a sharp 
decline in activity levels after the age 
of 5029 where physical activity has 
the greatest benefit for those who 
want to maintain their health and 
independence (Figure 4). 

All children and 
young people should 
minimise the amount 

of time spent being 
sedentary (sitting) for 

extended periods.

Figure 4: Prevalence of inactivity among adults showing a sharp decline in physical  
activity in the elderly (by age and sex)
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•	I nsufficient physical activity is 
the fourth leading risk factor for 
mortality accounting for 6% of 
deaths globally. This is approximately 
3.2 million deaths and 32.1 million 
DALYs (representing about 2.1% 
of global DALYs) each year which 
are attributable to insufficient 
physical activity30. This follows high 
blood pressure (13%) tobacco 
use (9%) and high blood glucose 
(6%). Overweight and obesity 
are responsible for 5% of global 
mortality.

Physical activity and primary prevention

07

Disease Risk reduction Strength of evidence

Death 20-35% Strong

CHD and Stroke 20-35% Strong

Type2 Diabetes 35-40% Strong

Colon Cancer 30-50% Strong

Breast Cancer 20% Strong

Hip Fracture 36-68% Moderate

Depression 20-30% Strong

Hypertension 33% Strong

Alzheimer’s Disease 20-30% Moderate

Functional limitation, elderly 30% Strong

Prevention of falls 30% Strong

Osteoarthritis disability 22-80% Moderate

Table 4: Physical activity contribution to reduction in risk of mortality and long term conditions31

A review of 70 papers32 showed a 
reduction of mortality of 30% for the 
most active compared to the least 
active. Those with the highest fitness 
level had a 45% reduction in overall 
mortality. In one major study33, men 
that became active after the age of  
50 years had a 50% reduction in 
overall mortality. The authors note  
that this is greater than the risk 
reduction due to smoking cessation  
at a similar age (34%). 

If physical activity 
was a drug it would 
have wider benefits 
than any medication 
known to science 
and probably be 
recommended for 
every child and adult. 
There of course is  
no such drug, but 
physical activity does 
exist but is not yet 
available in a bottle.

Which is the most important?

Most patients will be exercising to lose 
weight. This is encouraged by health 
professionals. However weight loss 
is often used as the sole marker of 
success of their exercise schedule.  
This chapter explains why this is not  
a good indicator.

To lose any weight 250 minutes of 
moderate intensity activity is required 
per week. This is nearly double 
the amount recommended in the 
guidelines and that is about 60 minutes 
of walking 5 days a week. Losing 
weight through physical activity alone is 
hard. However to maintain weight loss 
physical activity is essential and maybe 
the single most important factor to 
maintaining weight loss34. The ‘Finnish 
twins study’35 showed that those who 
lost weight from dieting had a higher 
risk of mortality compared to those 
who lost weight through increased 
physical activity who observed no 
excess mortality risk. There are three 
ways in which physical activity can  
help weight loss.

Physical Activity, Obesity and Weight Loss
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1	I t directly burns off calories. 
An individual weighing 120kg 
walking for 250 minutes a week  
will burn off 2000 calories a week. 
There are 7500 kCal in one Kg of  
fat so it will take about a month to 
lose 1 Kg, assuming calorie intake 
remains constant.

2	I t is possible to burn off more 
calories by increasing muscle bulk. 
Increasing physical activity converts 
fat to muscle which is more active. 
Muscles use up about 18% of our 
basal metabolic rate (BMR). The  
more muscle the higher the BMR  
and more calories expended.

3	I t can help change behaviour. 
Being physically active may reduce 
the amount of calories consumed. 
Physical activity increases self-esteem 
and confidence and reduces stress 
so could possibly lead to less comfort 
eating. Physical activity is termed a 
‘gateway behaviour’ as it leads to 
other behaviour changes. However 
the research in this area is still in its 
early stages and inconclusive.

How are all the other calories  
burnt off?

Physical activity only uses up 20-30% 
of our total daily energy expenditure 
(although athletes could burn off 
up to 50% of their total calories). 
The remaining 70-80% of calories 
are required to maintain the body’s 
metabolism. This is called the basal 
metabolic rate or BMR which uses 
energy to maintain the organs 
including the liver (27%) brain (19%), 
kidneys (10%) and heart (7%). The 
muscles use up 18% of the total 
energy expenditure when resting.  
The BMR in kCal/ day can be calculated 
by the equation below36. For a 50 year 
old man weighing 80kg this equals 
1555kCal.

BMR (kcal/day) = [10 x Weight (kg) 
+6.25 x Height (Cm) -5 x Age(years) ] 
+5 (for males) or -161 for females
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Is physical activity only  
beneficial because it helps  
patients lose weight? 

The key point to tell patients is that 
maintaining physical activity is as 
important to their health than losing 
weight. Physical activity benefits 
health independently to obesity. 
A study involving 2,316 men37 with 
Type2 Diabetes were divided into three 
groups according to their weight. 
Each weight group was then divided 
into three groups according to their 
fitness. Those who were obese but 
with moderate to high fitness had half 
the risk of CVD mortality compared to 
those who were normal weight but 
unfit. Figure 5.

The results of this study show that 
the benefits of cardiorespiratory 
fitness are not only independent 
of obesity but also appear to be 
significantly more important. 
In England 32% of men and 19%  
of women who are obese meet  
the physical activity recommendations 
compared to 46% of men and 36% 
of women who are neither overweight 
nor obese38.

The ‘longitudinal aerobics study’ 
following up 14,350 men over an 
average of 7 years showed that 
those who lost weight initially 
showed a significant improvement in 
mortality39. However when adjusted for 
cardiorespiratory fitness this became 
non-significant. Those that increased 
their fitness showed a significant 
reduction in mortality even after 
adjustment. Figure 5 shows that any 
fall in BMI and % fat had a non-
significant effect on cardiovascular and 
all-cause mortality. However there was 
a very significant trend in mortality 
reduction for those patients who 
increased their fitness. 

Physical Activity, Obesity and Weight Loss

A further study40 3,148 healthy adults 
who received at least 3 medical 
examinations were followed up for 6 
years. Fitness was determined by using 
a maximal treadmill test. Fatness was 
expressed by percent body fat and 
body mass index. Changes in fitness 
and fatness between the first and 
second examinations were categorized 
into loss, stable, or gain groups. 426 
adults developed metabolic syndrome. 
The results show that although both 
increasing fatness and decreasing 
fitness were beneficial the loss of 
fitness was the more important factor 
and the authors found that increased 
fitness almost eliminated the poor 
health effects of increasing weight 
(Figure 7). 

Figure 6: Effect of increased fitness on all-cause mortality
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Figure 5: Risk of cardiovascular disease mortality by cardiorespiratory fitness and  
body mass index categories. 2,316 men with Type2 diabetes at baseline, 179 deaths
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The health problems 
of increasing weight 
and obesity appear 
to be significantly 
attenuated by 
increasing fitness. 
Increasing fitness 
should be promoted 
without using weight 
loss as the surrogate 
marker of success. 
The evidence suggests 
that promoting activity 
(and hence increasing 
fitness) is now a 
priority over weight 
loss. This should now 
be seriously considered  
in all clinical guidance.
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The risks of Physical Activity

09

“Is it possible that there may 
be a time when a lawyer 
cross examines a doctor in 
the witness stand, asking why 
they did not address their 
sick or dead patient’s physical 
inactivity... because it is known 
to be one of the highest 
modifiable risk factors for 
morbidity and mortality?”41

•	An inactive patient increases the risk 
of developing many chronic diseases. 
The active person’s risk of death is 
reduced by a third compared to the 
person who remains inactive. 

•	The risk of a sudden cardiac death 
associated with moderate intensity 
exercise is one in 36.5 million hours 
of exertion42. Putting it another way, 
among people undertaking vigorous 
activity there is one death per year 
per 18,000 individuals43. 

Risk of harm when starting activity 
can be reduced through the following 
actions:

•	Build up intensity slowly

•	Avoid vigorous activity until fully 
confident

•	Ensure patients understand the 
significance of worrying symptoms 
such as feeling faint or developing 
chest pain.

It is important to discuss risk so that  
the patient can make an informed 
decision. In all cases, starting activity 
slowly and building up gradually 
significantly reduces the risk of harm.  
If there is doubt then supervised 
exercise may be the most appropriate 
option to start with, and Exercise 
Referral may be the best option.

The BHF National Centre for Physical 
Activity and Health at Loughborough 
University is creating some key 
guidance for GPs to minimise the risk 
of advising patients to become more 
physically active www.bhfactive.org.uk

The Brief Intervention –  
Motivating patients to become more active

10

A brief intervention consists of  
five parts:

1	I dentifying the inactive patient

2	S creening for suitability

3	E xploring how they might change 
their behaviour using motivational 
interviewing techniques

4	 Helping to find suitable activities 
locally

5	G oal setting, feedback and 
reinforcement

Depending on the resources available, 
all or some of these tasks can be 
carried out by different members of the 
primary care team but are particularly 
effective when the GP is involved in at 
least part of the process.

1	I dentify the inactive patient

This can be done in two ways and 
may be done while the patient is 
waiting for their appointment.

A	GPPAQ. This is the official 
questionnaire from the Department 
of Health that is currently being used 
in Health Checks and may possibly be 
used to calculate QOF points in the 
future for hypertension interventions. 
But be aware that although patients 
are asked about walking, gardening 
and housework, none of these 
activities are actually used in the 
algorithm to calculate the level of 
physical activity met. So the patient 
walking an hour a day is said to be 
inactive when in fact they have easily 
met the guidelines. This is a problem 
that has yet to be resolved. GPPAQ 
has four possible outcomes that each 
has a READ CODE. 

Outcome of GPPAQ Read Code

Inactive 138X

Moderately Inactive 138Y 

Moderately Active 138a

Active 138b

B	 The ‘Single Item’ question was 
developed by the BHF National 
Centre and involves a single question 
that has been validated to be 
as accurate as every other more 
complex questionnaire44. 
The question is:

“In the past week how 
many days have you done 
a total of 30 minutes or 
more of physical activity, 
which was enough to raise 
your breathing rate? This 
may include sport, exercise, 
brisk walking or cycling for 
recreation or to get to and 
from places, but should not 
include housework or physical 
activity that may be part of 
your job.”

Active = 5-7

Moderately Active = 3-4

Moderately Inactive = 1-2

Inactive = 0

2	S creen for suitability

This is best completed by the GP, 
who with a full understanding of the 
patient’s medical history, will be able 
to provide the necessary reassurance 
and encouragement to the patient.

There are a few cautions and 
even fewer contraindications 
to becoming more active 
particularly when the first line 
of treatment is to just walk 
more. This reduces the risk and 
allows the patient to remain 
active before embarking on 
more advanced or structured 
activity. We have listed the 
cautions and contraindications 
in the chapters specific to each 
condition. The advice is always 
to start gently and build up 
slowly. 

3	G ive a brief intervention or refer 
to motivational interviewing

Behaviour change is difficult. First  
you have to establish whether 
the patient is ready to change 
their behaviour. Do they show 
ambivalence? Typically, a patient  
who is showing ambivalence might 
say “I would like to be become more 
active but...” You then have a choice.

A	Refer them to someone who has 
motivational interview training and 
is used to encouraging someone 
to become more active. This could 
be a clinic in the practice or a nurse 
specifically trained in Motivational 
Interviewing. 
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B	Provide a brief intervention yourself. 
You may only have 2 minutes but this 
will be better than nothing. 

If they do not show ambivalence 
and unequivocally do not express 
any interest in being more active or 
desire to be more active, you are 
unlikely to be able to progress the 
discussion without first creating that 
ambivalence by exploring their beliefs 
and values around physical activity.

Giving a brief intervention without 
any motivational interview training

In the absence of a qualified 
Motivational Interviewing trainer, 
the GP or health professional can 
still help to change behaviour, or at 
least ensure that a patient’s readiness 
to change is not compromised by 
saying the wrong thing at the wrong 
time.  We give below an extract from 
a summary explaining Motivational 
Interviewing45. Although we have listed 
some techniques used in Motivational 
Interviewing it is important that 
the spirit of MI is understood and 
implemented. 

The Brief Intervention – Motivating patients to become more 

The Spirit of Motivational 
Interviewing

MI is a collaborative, person-
centred form of guiding to elicit 
and strengthen motivation for 
change.

Collaboration (vs. 
Confrontation)

Collaboration is a partnership 
between the therapist and the 
patient, grounded in the point 
of view and experiences of the 
patient. This does not mean that 
the patient is always right rather 
that there is a mutual respect and 
understanding in the discussion 
that follows.

Evocation (Drawing Out  
Vs. Imposing ideas)

The approach is to draw out 
their ideas and thoughts rather 
than imposing your opinions. 
This is because motivation and 
commitment to change is most 
powerful and durable when it 
comes from the patient. The 
therapists job is to “draw out” the 
patient’s own motivations and skills 
for change not to tell them what 
to do or why they should do it.

Autonomy (Vs. Authority)

MI recognises that the true 
power for change rests with the 
patient and so it is up to the 
individual to follow through with 
making changes happen. This is 
empowering to the individual, 
but also gives them responsibility 
for their actions. The patient is 
encouraged to create a menu of 
options as to how to achieve the 
desired change. 

•	Motivation to change cannot 
be imposed.

•	It is the patient’s task, not the 
health professional’s, to sort 
out this ambivalence. 

•	Direct persuasion is not an 
effective method for resolving 
ambivalence.

A quick guide to some basic 
techniques used in MI:

OARS

The acronym OARS can be used as a 
prompt to guide the MI consultation.

•	Open Ended Questions invite 
elaboration and thinking more deeply 
about an issue. Closed questions 
are still important but open ended 
questions are more likely to lead to 
behaviour change.

•	Affirmations are statements that 
recognise patient strengths. They 
help to build a rapport and therefore 
see themselves in a positive light. 
Look out for comments such as  
‘I know I can do this because...’

•	Reflection is the most crucial skill 
in motivational interviewing. First it 
allows the patient to feel that they 
are being understood by the clinician. 
Second it allows the clinician to 
focus on the negative aspects of the 
status quo and the positive aspects of 
change.  Reflect back to the patient 
what they have said and expressed. 

•	Summarising helps to communicate 
interest, understanding and call 
attention to important elements of 
the discussion.

Change Talk

Different types of change talk can  
be described using the mnemonic 
DARN CAT.

Preparatory Change Talk

Desire (I want to change)

Ability (I can change)

Reason (It’s important to change)

Need (I should change)

Implementing Change Talk

Commitment (I will make changes)

Activation (I am ready, prepared, 
willing to change)

Taking steps (I am taking specific 
actions to change)

There are some therapeutic strategies that are likely to elicit and support change 
talk in motivational interviewing.  One such technique utilises the table below to 
explore a patient’s decision-making process.

Explore Decisional Balance

Principles of Motivational 
Interviewing

Express Empathy

This means seeing the world 
through the patient’s eyes, 
feeling what they are feeling. 
This provides the basis for the 
patient to be understood and 
encourages a more honest 
conversation.

Support Self-Efficacy

The patient has to believe that 
they have the strength to make a 
difficult change. They may have 
tried and failed in the past so 
have doubts about their ability to 
succeed, the clinician highlights 
the skills and strengths that the 
client already has. 

Roll with Resistance

Resistance occurs when there 
is a conflict between their own 
view of the problem/solution and 
that of the clinician or when the 
patient feels that their freedom 
or autonomy is being impinged 
upon. When resistance is met 
then in MI the clinician works to 
de-escalate and avoid a negative 
interaction, instead rolling 
with it. This avoids the “Yes, 
but” response to the clinician 
suggestions. The term often used 
is to’ dance’ rather than ‘wrestle’ 
with the patient. Another 
important but hard habit for a 
clinician to break is the “Righting 
Reflex”, a tendency that is born 
from concern and a wanting to 
do the right thing for the patient 
i.e. solve the problem for them.

Developing Discrepancy

Motivation for change occurs 
when people perceive a 
mismatch between “where 
they are and where they want 
to be”, and a clinician helps the 
patient examine this discrepancy 
between their current 
circumstances and their values 
and future goals. 

Use change Ruler

Ask on a scale of 1 to 10 how 
important is it to you to change  
where one is not important and 10  
is extremely important? Then say  
“and why are you here [number 
chosen] and not here [lower number. 
“What might happen that could move 
you from XX to a higher number”.

Explore goals and values

Ask what the person’s guiding values 
are. What do they want from life?  
Ask how not changing fits in with their 
goals or values.

4	 Identify suitable activities locally

Chapter 11 explores some of the 
options for finding suitable local 
activities. The key point is that the 
patient is involved in identifying 
activities that they will enjoy and which 
they feel they will be able to sustain 
over a prolonged period of time.

Outcome of GPPAQ Good Not so good

Not Changing
1. Advantages of  
Status Quo

2. Downside of  
Status Quo

Changing
4. Advantages of 
changing

3. Downside of  
changing

5	 Goal setting, feedback and 
reinforcement

It is useful to agree with the patient a 
goal for becoming more active.  This 
may be as simple as ‘I will go for a 20 
minute walk three times next week’ 
to a more complex goal based around 
a diverse training schedule. Goal 
setting is more effective if goals are 
written down and records are kept of 
goals having been achieved.  Positive 
reinforcement of behaviours through 
praise and encouragement plays a 
crucial role in keeping the patient 
engaged. Objective measurements 
of change, e.g. reductions in lipid 
profiles or blood pressure readings can 
also provide positive and meaningful 
reinforcement.

This is a very brief review of 
Motivational Interviewing 
and certainly doesn’t replace 
full training. Clinical Staff 
in the GP practice would 
benefit from understanding 
MI training. It is one approach 
that underpins all behaviour 
change including weight 
loss, smoking cessation and 
treatment compliance.
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What activities are available locally?

11
Exercise Classes

These can be organised by the local 
authority at the local leisure centre or 
by fitness instructors in school halls and 
local parks. Dance, Zumba, aerobics 
and spinning are all popular, fun and 
provide a great social interaction.

The aim is to give the patient a new 
lease of life where they meet people 
and just enjoy themselves. (Physical 
activity is just a useful by-product).

Exercise Referral 

Most Boroughs have an exercise referral 
scheme that is usually gym-based and 
accessed by GPs using a referral form. 
The criteria for referral usually include 
patients with clinical conditions such 
as obesity, depression, hypertension 
and post cardiac rehabilitation. These 
patients are offered an eight week 
programme in the gym for free. After 
the programme has finished the patient 
is encouraged to continue although the 
sessions are no longer free.

A recent major Systematic Review 
funded by the NHS had the following 
conclusion concerning Exercise Referral 
Scheme (ERS)47: 

Each patient when motivated to 
become more active will usually need 
some help in choosing the most 
appropriate activity. In order to be 
sustainable the activity has to be:

•	Local

•	Enjoyable 

•	Practical 

Whether this means walking to the 
end of the road each day, joining a 
health walk, taking up badminton 
or dance, will be entirely up to the 
individual. However asking a patient 
to do exercises they find boring or 
attend a venue where they do not 
feel comfortable is likely to lead to 
failure. The key drivers to maintain 
sustainability are social support, 
purpose and a supportive environment.

The first line treatment 
should include more walking. 
This is not only free but is 
practical and requires no skill 
or equipment and delivers all 
benefits of aerobic activity.

Walking for health 

Health Walks (www.walkingforhealth.org.uk) 

Most Boroughs organise a series of health walks which involves a volunteer 
leader taking a group on a short brisk walk. 

NICE has stated that Health Walks provide considerable mental benefits to 
those taking part. Their review46 provides the following advice:

•	I n collaboration with older people and their carers, offer a range of 
walking schemes of low to moderate intensity with a choice of local routes 
to suit different abilities. 

•	Promote regular participation in local walking schemes as a way to 
improve mental wellbeing for older people and provide health advice and 
information on the benefits of walking. 

•	Encourage and support older people to participate fully according to 
health and mobility needs, and personal preference. 

•	Ensure that walking schemes: 

–	are organised and led by trained workers or ‘Walking the way to 
health initiative’ volunteer walk leaders from the local community who 
have been trained in first aid and in creating suitable walking routes 

–	 incorporate a group meeting at the outset of a walking scheme  
that introduces the walk leader and participants 

–	offer opportunities for local walks at least three times a week,  
with timing and location to be agreed with participants 

–	 last about 1 hour and include at least 30–40 minutes of walking  
plus stretching and warm-up/cool-down exercises (depending on older 
people’s mobility and capacity) 

–	 invite regular feedback from participants and use it to inform the 
content of the service and to gauge levels of motivation. 

Walking for Health is suitable for those who are on their own and lack the 
confidence or local knowledge to go for a walk on their own. Every GP 
practice should have a Health Walk nearby. If not available locally, the surgery 
should contact the local physical activity co-ordinator based within public 
health at the local authority who may be able to help set one up from the 
surgery each week.

“In 2006, NICE commented that there 
was insufficient evidence for ERS and 
recommended that the NHS should 
only make ERS available as part of a 
controlled trial. Although we have 
identified four additional trials since 
the NICE review, there remains very 
limited support for the potential role 
of ERS for impacting on physical 
activity and, consequently, public 
health... little evidence was found of 
how the ERS intervention sought to 
develop a sustainable active lifestyle 
in participants, as recommended in 
the NHS National Quality Assurance 
Framework.” 

“Although ERS programmes in our 
review aimed to increase medium- 
to long-term physical activity, they 
were typically based on only a 10- to 
12-week leisure centre-based period 
intervention. With the exception of 
one trial (Jolly K, Duda JL, Daley A, 
Ntoumanis N, Eves F, Rouse P, et al. An 
evaluation of the Birmingham exercise 
on prescription service: standard 
provision and a self-determination 
focused arm. Final Report; 2009), 
there was minimal reference to 
health behaviour change techniques 
and theories that typically underpin 
interventions to promote an increase in 
daily physical activity.” 

This calls into question the widespread 
use of exercise referral schemes. 
Maintaining physical activity involves 
activity as part of a normal routine 
or activities that are rewarding and 
provide a very positive experience.
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Summary

•	Physical activity has a strong 
protective effect against colon, 
breast, and endometrial cancers and 
a moderate effect against prostate 
lung and ovarian cancer. 

•	More recent research has shown 
that regular physical activity before 
and after cancer diagnosis not only 
improves function and wellbeing but 
significantly improves survival.

•	90 minutes of brisk walking a week 
appears to be the minimal activity to 
create most of these benefits.

•	Physical activity does not cause 
excessive tiredness in those patients 
undergoing treatment.

Minimal work-up before 
recommending physical activity

History and examination to 
determine:

1	 What stage of cancer. Where is / 
are the tumours spread? (risk of 
pathological fracture)

2	 Any radiotherapy treatment, 
chemotherapeutic or other drugs 
being used?

3	A ny concomitant diseases? 
E.g. anaemia, osteoporosis 

4 	Concomitant heart or lung disease, 
either through disease, treatment or 
as a separate co-existant disease

5	 If shortness of breath is present, 
determine the cause, precipitating 
activity and tolerance

Investigation:

Guided by history and examination,  
full blood count.

Cancer and physical activity

12

Physical activity during treatment 
(chemotherapy, radiotherapy  
and hormone therapy)

Most patients are told to rest during 
chemotherapy to avoid fatigue51. This 
is usually a compassionate response to 
the patient’s condition. However there 
is no evidence to support this advice 
and it may exacerbate the treatment-
related losses of physical conditioning 
and muscle strength leading to a 
perpetual cycle of deteriorating 
function and accumulating fatigue that 
is very hard to escape52. 

A systematic review and meta-analysis 
showed that patients who are more 
physically active during chemotherapy, 
radiotherapy and hormone therapy are 
no more tired than those that rest53. 
In fact the same review shows that 
being more active increases physical 
fitness and strength, muscle bulk and 
wellbeing. 

Recommendations for physical activity (see also Chapter 4 – UK Guidelines)

Frequency Daily

Intensity Moderate

Type Aerobic – walking, cycling, swimming, resistance – body 
weight, proprioception and balance,  e.g. Tai Chi

Time Minimum of 10 minutes gradually increasing to 30 minutes  
a day but adapted to individual’s age and fitness level

Cautions and contraindications

29 out of 36 studies found no adverse effects caused by physical activity during cancer 
treatment. Of the 201 adverse events reported only 5 were attributable to physical 
activity and these were minor self-limiting musculoskeletal problems and an increased 
blood pressure.  

Immunosuppression 
Patients with a white cell count below 0.5 x109/l are advised to refrain from high 
intensity or endurance activities. 

Anaemia 
Patients with an Hb < 8.0 g/dl should refrain from high intensity activities

Thrombocytopaenia 
Patients with platelets <50 x 109 should refrain from contact sports.

Bone metastases 
These patients should avoid high impact and contact activities. However light to 
moderate activity in these patients appears to be safe48.

Patients with breast cancer are worried about the exacerbation of lymphedema with 
upper body exercise. However upper body resistance exercise was tolerated in breast 
cancer survivors with no adverse effect on lymphedema49,50. 

B
Physical Activity and Specific  
Long Term Conditions –  
Recommendations, Cautions  
and Contraindications

my best move24
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Cancer type % reduction Strength of  
evidence

Notes

Breast54,55,56 20-50 Strong Particularly for post-menopausal 
women

Colon57,58,59,60 30-50 Strong Physical activity reduces time 
carcinogen in contact with bowel 
wall

Endometrial61 20-30 Strong

Prostate62,63 10-20 Moderate Reduces effect of testosterone

Lung 20-40 Moderate

Ovarian 20 Moderate

Others Weak evidence

Table 5: The percentage risk reduction and strength of the evidence of physical activity’s 
role in helping prevent certain cancers

How can physical activity treat 
cancer survivors? 

Cancer survivors often improve their 
diet and stop smoking after diagnosis 
but physical activity levels are reduced 
significantly64,65.

Breast Cancer

 “Evidence supporting the benefits 
of exercise following the diagnosis of 
breast cancer is overwhelming and 
compelling”. A systematic review in 
patients with the diagnosis of breast 
cancer showed that physical activity 
may be associated with 41% reduced 
all-cause mortality, 34% fewer breast 
cancer deaths and 24% reduced risk  
of disease recurrence66. A further 
review supported these findings67.
It also reduces hospitalisation, anxiety 
and side effects such as nausea, 
lymphedema, fatigue and pain68.

Results of the two largest studies 
suggested that women reaching 
the equivalent of the recommended 
minimum levels of physical activity (i.e. 
150 minutes of moderate-intensity 
activity per week) had over 40% lower 
risk breast cancer-specific mortality, and 
breast cancer recurrence, compared 
with women active for less than one 
hour a week69,70.

cancer and physical activity

How can physical activity help prevent cancer?

All women diagnosed with breast 
cancer can benefit from physical activity 
and risk of adverse events and poorer 
quality of life are higher in those who 
do not exercise. Those that decrease 
their levels of activity after diagnosis 
have a fourfold greater risk  
of mortality71.

Colorectal cancer

Results of two studies suggested that 
risk of disease recurrence, cancer 
mortality was reduced by about 50%, 
by performing the equivalent of six 
hours of moderate intensity physical 
activity per week72,73. If patients 
are already doing just one session  
of activity a week at diagnosis it 
improves cancer specific 5-year survival 
to 73% compared to 61% for those 
less active74.

Prostate Cancer

Findings from two studies indicated  
a lower risk of prostate-specific 
mortality of approximately 30%75 
and a lower rate of disease progression 
of 57%76 with three hours per week 
of moderate intensity physical activity  
(e.g. brisk walking). Some vigorous 
activity appeared to add further 
benefits to reduce death specifically 
from prostate cancer.

For possible mechanisms for how 
physical activity can help treat and 
prevent cancer, see Chapter 20.

Summary

•	Regular moderate physical activity 
not only helps to prevent the 
development of osteoarthritis (OA) 
but also reduces pain and increases 
function in patients with existing hip 
or knee osteoarthritis.

•	150 minutes a week of low 
impact activity such as walking is 
recommended. Patients with OA 
tend to be very inactive. In some 
studies only 8% achieve these 
guidelines and over 57% of women 
with OA do not even complete  
10 minutes of activity a week.

•	Many patients think that rest is 
better for their joints because of 
the association of joint pain with 
increased activity. This belief may be 
reinforced by the widespread term  
of ‘wear and tear’. It is better to use 
the term ‘wear and repair’. 

•	Moderate activity increases 
the quality of cartilage and 
muscle strength. There are no 
contraindications to moderate 
strengthening or aerobic exercise. 

•	Frequent participation in high 
impact sports can increase the  
risk of developing OA.

Minimal work-up before 
recommending physical activity

History and examination77:

•	Determine the stage and severity of 
arthritis. Elicit and understand how 
OA affects the patient’s life and how 
they are currently self-managing.

•	Agree with patient’s goals they would 
like to set and how they are going to 
achieve them.

•	Those individuals with recently 
diagnosed arthritis disease or those 
experiencing significant pain should 
be prescribed gentle physical activity 
or pool-based exercise.

Osteoarthritis and physical activity

13

Investigation:

•	Only X-Ray a hip or knee if there is 
uncertainty about the diagnosis or 
the patient has been referred for 
arthroplasty.

Type of activity
Pooled effect size

Aerobic Walking Quadriceps 
Strengthening

Pain 0.52 0.39

Disability 0.46 0.32

Table 6

Recommendations for physical activity

Frequency Daily

Intensity Mild to moderate e.g. walking (see chapter 4) 

Type Aerobic – large muscle group activities e.g. walking, cycling, 
swimming

Resistance, balance, proprioception and flexibility – e.g. yoga, 
Tai chi, referral to physiotherapy and through the gym

Both resistance and aerobic activity can benefit osteoarthritis. 
In one systematic review walking was more effective than 
quadriceps strengthening exercises in reducing pain and 
disability78. (See Table 6 and note that an effect size of 0.2 
is small, 0.5 is moderate and 0.8 is large.) 

Water based exercise has been shown to be less efficient in 
reducing pain and improving muscle function than land-
based exercise although it may be more suitable79 for obese 
patients80 or those limited by pain or function.

Time 150 minutes a week, starting with 10 minutes a day and 
building up slowly

Cautions and contraindications

There are no contraindications.

Cautions include patients who are at risk of falling particularly those starting to be active 
after a long period of inactivity and hence with weak muscles and poor proprioception.
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How can physical activity  
prevent or initiate osteoarthritis? 

•	There is good evidence that people 
who undertake moderate PA 
have a lower risk of developing 
osteoarthritis81. 

•	Excessive vigorous activities such 
as rowing, skiing or long distance 
running can increase the risk of 
osteoarthritis due to micro-trauma  
to the cartilage82. Likewise any 
injuries to either knee or hip can 
induce osteoarthritis.

How can physical activity treat 
osteoarthritis?

•	Several systematic reviews have 
demonstrated that physical 
activity reduces pain and increases 
function in both hip and knee 
osteoarthritis83,84,85,86.

•	I n one study of 1000 patients only 
13% of men and 8% of women 
with knee OA were undertaking 
enough physical activity to meet the 
guidelines. 40% of men and 57%  
of women were totally inactive. (i.e 
had undertaken no moderate activity 
of 10 minutes or more during the 
past 7 days87.)

osteoarthritis and physical activity

•	The effect of physical activity on pain 
is similar to the treatment of NSAID88.  
When asked, most patients would 
prefer to treat their osteoarthritis 
with exercise compared to being 
treated with an NSAID89,90.

•	Patients need to be told that starting 
physical activity may initially cause 
pain but that this does not equate to 
damage. The pain may improve over 
time as the muscles strengthen and 
the joint stabilises. 

•	The Arthritis Research leaflet91 helps 
GPs interpret the data for patients 
‘If we take 100 people like you with 
knee OA, then without treatment 33 
people are going to have less pain 
after 2 years but 67 won’t. However, 
with exercise an extra 12 people will 
have less pain after 2 years but 55 
still won’t’. Unfortunately we don’t 
know which 12 will benefit!

Low Back Pain and physical activity
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Summary

•	40% of the population have reported 
a back pain complaint lasting more 
than one day in the previous 12 
months of whom 40% consult their 
GP and 5% take time off work in the 
previous month92. The total cost of 
primary care related to back pain in 
1998 was £140.6 million93.

•	Stage of lower back pain can be 
classified into:  Acute ( < 4 weeks), 
sub-acute ( 4-12 weeks)  or chronic 
(>12 weeks).

•	General aerobic physical activity can 
both prevent and treat acute, sub-
acute and chronic low back pain.

•	The goal when treating low back 
pain is to help the patient become 
fully active, pain free and return to 
normal (work) as soon as possible.

Complete bed rest should be 
avoided in all cases of low 
back pain as it delays recovery 
and causes muscle atrophy.

Minimal work-up before 
recommending physical activity

1	 Identify where possible the cause of 
back pain. 90-95% of patients have 
‘nonspecific’ low back pain with or 
without associated muscle spasm. 
The specific causes are:

A	D isc hernia 
B	S pinal stenosis
C	S pondylolisthesis 
D	I nflammatory back disorder
E	D isc degeneration and 

osteoarthritis 
F	O steoporotic fracture
G	M alignancy
H	I nfection

2	D etermine stage of lower back pain 
(acute, sub-acute or chronic) as this 
can help recommend type of activity 
prescribed.

Recommendations for physical activity

Frequency Daily

Intensity Mild to moderate (see Appendix II)

Type Aerobic – large muscle group activities e.g. walking, cycling, 
swimming is the mainstay of activity.

Muscle strengthening, balance, proprioception and flexibility 
– e.g. yoga, Tai chi, referral to physiotherapy and through the 
gym.

Extensor exercise of the trunk, where musculature on one 
side of the spine is activated at a time (i.e. such as when 
kneeling on all fours and extending one leg at a time) is  
preferred over regular trunk extension exercise as it reduces 
lumbar spine loading94.

For patients with acute low back pain, flexion and/or 
extension that does not cause pain, combined with heat wrap  
may be beneficial95.

Time To start with, 10 minutes a day and build up slowly to the 
recommendations of 150 minutes of moderate activity.

Cautions and contraindications

Cautions

•	 The following patient group may require specialist input (physiotherapist, 
Sport and Exercise Medicine Specialists) and medical treatment as exercise  
may be contraindicated:

–	 Recent back surgery
–	 Nerve root compression
–	 Fracture 
–	 Neurological symptoms
–	 Spondylolisthesis
–	 Inflammatory and infectious conditions

•	 Full sit-ups should be avoided as this places too much loading on the 
lumbar spine96.  

•	 Lumbar flexion exercises just after rising from bed should be avoided, 
as intervertebral discs imbide fluid overnight, leaving them susceptible to 
higher stresses when loaded97.  

•	 Loading the lumbar spine after prolonged sitting should be avoided, as 
ligament laxity increases with long periods of sitting98. 

Contraindication

•	 Absolute contraindication to physical activity is when the stability of 
the spine is endangered by a normal load caused by spondylolisthesis,  
a malignancy, metastasis or fracture.



my best move30 a guide for gps 31

How can physical activity  
prevent low back pain?

Primary prevention

•	There is good evidence that physical 
activity can prevent low back pain in 
asymptomatic individuals99,100.

	 Low physical activity is one of the risk 
factors for accelerated development 
of disc degeneration101. 

Secondary prevention

•	There is moderate evidence that 
physical activity can prevent further 
recurrence of low back pain.

How can physical activity treat  
low back pain?

Acute low back pain

•	There is no evidence that specific 
exercise therapy reduces pain or 
disability in acute back pain more 
than placebo or other conservative 
treatment102,103,104,105,106,107,108,109

•	However several major reviews 
confirm that the patient should be 
advised to start low impact aerobic 
activities (walking, swimming or 
cycling) within the first two weeks110.   

•	Bed rest and inactivity should be 
avoided as this causes significant 
muscle atrophy around the spine that 
can eventually lead to increased pain 
and instability111.  

Subacute back pain

•	There is limited evidence that exercise 
therapy is effective in improving pain 
and functional status in patients 
with non-specific sub-acute low 
back pain compared to no exercise 
comparisons112,11,12.

•	 In a one high quality RCT in an 
occupational setting graded exercise 
appeared to be the most effective 
with reducing time off work although 
pain and functional status were not 
improved statistically113.

low back pain

Chronic back pain

•	There is strong evidence that 
exercise therapy has a small effect in 
improving pain and functional status 
in patients with non-specific chronic 
low back pain114,115.

•	A Cochrane review of 43 trials 
showed that exercise therapy  
was at least as effective in improving 
pain and functionality as other 
conservative measures. Successful 
interventions tended to be 
individually designed and delivered116.  
However in some studies general 
physical activity is superior to back 
exercises117.    

•	There appears to be no difference 
as to whether the exercise is 
delivered in groups compared to 
individuals118.119,120 although personal 
supervision improves the outcome of 
the exercise programme121,122,123. 

Notes on treating some specific 
back pain

Spondylolisthesis

•	Cycling may be preferable for 
patients with spondylolisthesis 
because flexion of the spine opens 
up the spinal cord124. 

•	Core stability exercises are 
recommended for patients with 
spondylolisthesis125.  

Sciatica

•	Being physically active offers no 
advantage in pain and function 
during the acute phase of sciatica 
compared to rest126. However 
starting physical activity within the 
first two weeks can help improve 
recovery and lessen disability.

Low back pain in pregnancy

•	NICE guidelines suggest women 
should be informed that exercising in 
water, massage therapy and group or 
individual back care classes might help 
to ease backache during pregnancy127. 
Aquatic exercise, low impact aerobics, 
acupuncture and pelvic muscle 

exercises are reported to be  
effective in reducing pain, disability 
and the number of sick days.

Post lumbar disc surgery

•	Exercise programmes starting four 
to six weeks post-surgery lead to a 
faster decrease in pain and disability 
than no treatment. High intensity 
exercise leads to faster decrease in 
pain than low intensity. There is no 
difference between supervised and 
home exercises for short term pain 
relief. Activity does not lead to an 
increase in re-operation rate128.  

NICE Guidelines for physical 
activity and chronic low  
back pain

What type of general physical 
activity is recommended?

NICE Guidelines129 on Chronic Low 
Back Pain recommend the following:

Advise people with low back pain 
that staying physically active is likely 
to be beneficial.

Consider offering a structured 
exercise programme tailored to the 
person:

•	This should comprise up to a 
maximum of eight sessions over  
a period of up to 12 weeks.

•	Offer a group supervised exercise 
programme, in a group of up to 
10 people.

•	A one-to-one supervised exercise 
programme may be offered if a 
group programme is not suitable 
for a particular person.

Exercise programmes may include 
the following elements:

•	aerobic activity
•	movement instruction
•	muscle strengthening
•	postural control
•	stretching.

Cardiovascular Disease and physical activity
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Summary

•	Physical inactivity carries a similar 
risk of cardiovascular disease as 
smoking and hypertension. 

•	150 minutes of moderate activity 
a week with or without vigorous 
activity can reduce the risk of CAD 
by 22% in men and up to 33% in 
women.

•	Following a cardiac event all should 
be invited to participate in Cardiac 
Rehabilitation, however currently only 
38% of eligible patients participate. 

•	Almost all inactive patients with 
CVD should be able to participate 
in some activity by starting at 10 
minutes walking a day and then 
slowly introducing other activity, 
resistance training and potentially 
vigorous activity. It is important 
to educate the patient about the 
warning signs of faintness, chest pain 
etc. which need immediate follow up.

Minimal work-up in patients with 
existing CVD before recommending 
physical activity

History and examination:

For those who have existing CVD  
then a careful history should identify:

•	Existing symptoms of angina, 
claudication and shortness of breath, 
particularly when experienced at rest. 

•	How much activity the patient is 
already undertaking and whether 
this brings on chest pain, faintness, 
shortness of breath palpitations or 
other symptoms. 

•	I dentify previous cardiac events 
and ask whether this was followed 
up with an uneventful cardiac 
rehabilitation. 

•	Ask about other co-morbidities such 
as diabetes, COPD and arthritis and 
whether these conditions are stable.

Recommendations for physical activity130

Frequency Daily

Intensity Exercise should be performed to at least moderate intensity 
and vigorous intensity activity should be added if possible 
and when required.

Type Aerobic activity such as walking, jogging, cycling, swimming, 
rowing, stair climbing, elliptical trainers, aerobic dancing etc. 
In addition the ACSM advises strength training two days a 
week with a weight that allows for 8-12 repetitions per major 
muscle set131.

Time To start with, 10 minutes a day and build up slowly to the 
recommendations of 150 minutes of moderate activity132.

Patients who have made an uncomplicated recovery after their MI can resume 
sexual activity (2-4 METS133) when they feel comfortable to do so usually about 
4 weeks134.

Cautions and contraindications

Contraindications to promoting an increase in physical activity, taken from the 
ACSM guidelines for exercise testing135.

•	 Unstable angina 

•	 Severe valvular stenosis or regurgitation 

•	 Active myocarditis or pericarditis

•	 Ventricular tachycardia (uncontrolled)

•	 Decompensated heart failure

•	 BP >200/115

•	 Other clinical entities known to worsen during exercise.

Examination should seek to identify 

•	severe hypertension
•	heart failure
•	valvular disease (stenosis or 

regurgitation)  
•	arrhythmias. 

With low risk patients clinicians 
should use their clinical judgment as 
to whether patients require further 
investigation particularly if the patient is 
keen to re-start vigorous activity. 

Intermediate risk patients require a 
resting ECG and may require referral for 
further investigations before increasing 
their activity particularly if this includes 
vigorous activity. Promoting walking is 
likely to be safe.

High risk patients require referral to 
the cardiology department or a sports 
and exercise clinician before starting an 
exercise regime.
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How can physical activity  
prevent cardiovascular disease?

Physical activity reduces the risk 
of cardiovascular disease with 
a magnitude of risk reduction 
comparable to that of reducing 
hypertension and quitting 
smoking136,137,138. More than 25% 
of the population-attributable risk 
for MI is due to physical inactivity 
compared to 13% due to diet139. 

If the total amount of physical activity 
exceeds 1000kCal per week (brisk 
walking for 180 minutes a week)  
then the risk of developing CAD is 
reduced by 22% for men140,141, and 
up to 33% for women142. 

There is a dose response for CVD 
mortality reduction so that even a 
small amount of activity makes a 
considerable difference in mortality143. 
The greatest benefits are moving from 
inactive to undertaking 60 minutes 
moderate activity a week. Above 300 
minutes a week, aerobic fitness is 
a better predictor of cardiovascular 
mortality than self-report of physical 
activity144 with a 19% fall in CVD 
mortality for every 1 MET increase  
in cardiorespiratory fitness145. 

Men who become active (from being 
inactive) at 50 years old have a 49% 
reduction in mortality at the age of  
60 years compared to those who 
remained inactive146. This is actually 
a greater benefit than for those who 
stopped smoking at the same time 
(36% reduction). Similar results are 
found in women who become active 
later in life147.  

Physical activity is known to have a 
modest effect on individual risk factors 
such as blood glucose (mean reduction 
of HbA1c of 0.8%148),  lipids (HDL 
raised by 2.5mg/dl149), blood pressure 
(reduction of 3.4/2.4 mmHg150) and 
obesity (6.7kg weight loss/year151). 

cardiovascular disease

In addition physical activity reduces 
the pulse rate through increased vagal 
tone. This increases the amount of time 
it takes to fill the ventricle so increasing 
stroke volume which when combined 
with a reduction in blood pressure 
reduces the amount of oxygen required 
by the heart152.

However newer mechanisms 
explained in chapter 20 such as anti-
inflammatory, endothelial dysfunction 
and reduced reactive oxidative species 
(free radicals) appear to be more 
important and explain the large 
benefits of regular physical activity on 
cardiovascular disease. 

How can physical activity treat 
cardiovascular disease? 

Secondary prevention

Secondary prevention includes treating 
patients following a myocardial infarct, 
coronary intervention, heart failure or 
persistent angina. Most patients will be 
referred to cardiac rehabilitation initially 

and then discharged with the advice  
to continue physical activity.

Cardiac rehabilitation

The WHO definition of cardiac 
rehabilitation is ‘the sum of activity 
and interventions required to ensure 
the best physical, mental and social 
conditions so that patients with chronic 
or post-acute cardiovascular disease 
may, by their own efforts, preserve or 
resume their proper place in society 
and lead an active life.’153

Cardiac rehabilitation in patients after 
MI reduces all-cause and cardiovascular 
mortality by 20-30% provided it 
includes an exercise component. 
Cardiac rehabilitation is both safe and 
cost effective. 

Cardiac rehabilitation (CR) should not 
be regarded as an isolated form or 
stage of therapy, but be integrated 
within secondary prevention services. 
Evidence suggests that home- and 
centre-based cardiac rehabilitation 
appear to be equally effective154. 

NICE Guidelines on implementing cardiac rehabilitation

(NICE post MI guidance 2007)

•	The National Audit of Cardiac Rehabilitation (published in 2009) reveals 
that of those eligible, only 38% (51,232) participated in a cardiac 
rehabilitation programme. 

•	Those more likely to be under-represented in CR include women, 
elderly, those from black and minority ethnic groups, from lower 
socioeconomic groups, from rural communities and those with mental  
and physical health comorbidities155. 

•	Uptake of cardiac rehabilitation programmes can be improved by 
motivational communication such as written letters or conversation with  
a healthcare professional or help from lay volunteers.

•	Co-ordination between primary and secondary care to encourage patients 
to see the practice nurse improves uptake.

•	A home based programme for patients such as the validated Edinburgh 
Heart Manual is recommended for those who wish to remain at home.

•	I n the past CR was divided into phase 1-4. It is now divided into 6 sections 
of a best practice care pathway developed by Department of Health156. 

0 Identify and 
refer patient

1 Manage referral 
and recruit patient

2 Assess patient

3 Develop patient 
care plan 

4 Deliver 
comprehensive  
CR programme 

5 Conduct final 
CR assessment

6 Discharge 
and transition 
to long term 
management

In the UK cardiorespiratory fitness (CRF) is rarely measured. However a patient 
who has a CRF of at least 5 METS would be able to walk a mile in 25 minutes 
comfortably. Patients with CVD can therefore be divided into low, intermediate 
and high risk. High risk patients are those who are either medically unstable or 
totally inactive irrespective of other factors.

Cautions 

The Canadian systematic review157 suggests that three factors consistently affect 
the risk of acute exercise precipitating a CV event: 

1	M edical stability
2	 Current physical activity participation
3	A erobic fitness. 

The literature on exercise testing has documented a low event rate for patients 
who are currently active and for patients with an aerobic power greater than  
5 METs158,159. 

Low Risk Intermediate Risk High Risk

1 Medically stable Yes Yes No

2 Number of times 
a week that the 
patient can walk for 
20 minutes without 
eliciting symptoms

3 or more 1-2 Inactive

3 CRF >5 METS (can 
walk a mile in 25 
minutes)

Yes No

4 Age <75yrs >75yrs 

Table 7: Calculating the risk of a cardiac patient in primary care either post cardiac rehabilitation or whose cardiac 
condition does not warrant cardiac rehabilitation199

•	Low risk patients can safely undergo moderate physical activity without 
further investigations based on clinical judgement. 

•	All high risk patients need to be referred for further assessment before the 
patient can undergo any further exercise. 

•	The clinician should use his or her judgement to decide whether intermediate 
risk patients need any further investigation. This will depend on other  
co-morbidities and the type of activity.

The incidence of cardiovascular non-fatal and fatal events is very low, being 
1/50,000 and 1/750,000 person hours of supervised exercise or 1 sudden death 
per 15 000 to 18 000 participants160. The risk can be decreased by paying attention 
to new symptoms and gradually increasing the intensity of the physical activity.  
The risks of exercise are considerably outweighed by the potential benefits.



my best move34 a guide for gps 35

Chronic obstructive pulmonary disease (COPD) 
and physical activity

16

Summary

•	Physical activity is the strongest 
predictor of mortality in patients 
with COPD and exercise training 
(pulmonary rehabilitation) can help 
improve functional capacity and 
quality of life.

•	When exercise training is provided 
as part of a pulmonary rehabilitation 
programme after a COPD 
exacerbation, only four patients 
need treatment to avoid a further 
admission and only six to prevent a 
death161. 

•	Encouraging even the smallest 
increase in daily levels of physical 
activity can incur significant benefits 
for patients with COPD. 

•	There is still debate as to whether 
MRC breathlessness scale is the best 
way to identify which patients to 
refer to PR. The current BTS guidance 
is to offer patients with MRC 3, 4, 5 
to PR and those with MRC 1 and 2 
for general exercise programmes.

•	However national guidelines (BTS 
and ATS/ERS) are likely to move 
away from MRC scale and instead 
recommend PR to patients who 
consider themselves to have 
functional impairment and who wish 
to undergo supervised pulmonary 
rehabilitation.

•	‘Post PR’: Once a patient has 
completed a course of PR, they 
should be encouraged to maintain 
their exercise regime as well 
increased physical activity and will 
usually be directed by their therapists 
towards a the most suitable activities 
available locally. Encouraging patients 
to join a British Lung Foundation 
(BLF) ‘breathe easy’ group can help 
people gain the peer support that is 
often necessary to maintain physical 
activity.  

•	Where there is no formal exercise 
programme the physician can use 
clinical judgement to recommend 
moderate intensity exercise (e.g. light 
walking) for a total of at least 20-30 
minutes a day broken down into 
bouts of 10 minutes.

Minimal work-up before 
recommending physical activity

History and examination:

For those who have existing CVD  
then a careful history should identify:

•	Determine current symptoms and 
functional impairment.

•	Determine smoking status.

•	Look for comorbidities e.g. 
cardiovascular disease, peripheral 
vascular disease, lung cancer, 
diabetes mellitus, hypertension, 
osteoporosis, which may affect the 
recommendation of activity levels.

•	Determine contraindications to 
exercise.  Please see below under 
cautions and contraindications. 

•	Examination should be undertaken 
to determine the presence of signs 
of pulmonary hypertension, right 
ventricular hypertrophy or cardiac 
failure.

Investigation:

•	Supervised exercise capacity testing 
is available through most pulmonary 
rehabilitation services.   

•	Patients with significant hypoxaemia 
(SpO2<90%) at rest and desaturation 
on exertion or pulmonary 
hypertension should be optimally 
medically managed before starting 
exercise

. 

Recommendations for physical activity in patients with COPD

Frequency Daily

Intensity Moderate (see page 9)

Type Aerobic: walking, cycling or swimming

Resistance, balance, proprioception and flexibility.  
(see page 10)

Time 15 minutes a day if starting and build up slowly to between 
20 and 30 mins a day. See DH Guidelines in Chapter 4.

MRC Scale 1-5

1	Not troubled by breathlessness except on strenuous exercise 

2	 Short of breath when hurrying or walking up a slight hill 

3	Walks slower than contemporaries on the level because of breathlessness,  
or has to stop for breath when walking at own pace 

4	Stops for breath after about 100 m or after a few minutes on the level 

5	Too breathless to leave the house, or breathless when dressing or undressing 

If the recommended levels of physical activity cannot be achieved for various 
medical and personal reasons, doing some physical activity, even if it is less than 
the recommended guidelines, may provide some health benefits29.

Cautions and contraindications

Cautions 

Patients with MRC scores of 4 or 5 benefit from PR despite their disabling 
breathlessness. In order to optimise a patient prior to PR and to ensure a safe 
programme, people with these MRC scores should have an assessment by a 
COPD specialist. 

In patients with an MRC score of 3 it is important to consider co-morbidities and 
cardiac stability before recommending exercise or PR but they do not routinely 
need referral to see a specialist.  A Canadian systematic review indicated caution 
due to the high risk of cardiac co-morbidity. In particular the following patients 
are seen as high risk and should also be considered for referral for assessment 
before becoming increasingly physically active162.

•	 Those with a resting O2 Saturation of 90% (or desaturation when exercising 
<88%)

All patients with an MRC score 3 or more should have an annual assessment of 
oxygen saturation in primary care. Those with values <92 % at rest may benefit 
from long term oxygen therapy or ambulatory therapy to help them exercise 
and should be referred 

•	 Diagnosis of  Pulmonary Hypertension

•	 Cardiovascular contraindications 

•	 Current Smoker: Support to stop smoking is THE treatment for COPD and 
is both clinically and cost effective when provided in the right way. Provide 
COPD patients with at least 90 minutes of stop smoking support each year and 
suitable medicines to help reduce cravings.

Contraindications 

There is no direct evidence of contraindications of activity in patients with 
COPD except when acutely unwell. However the clinician should be aware of 
possible contraindications related to the common co-morbidities particularly 
cardiovascular disease. 
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copd

How physical activity can treat COPD

Functional Capacity Low levels of physical activity are associated with a low FEV1 
163,164,165,166,167,168,169,170,171 

Physical activity reduces FEV1 decline and therefore slow disease progression172

Higher FEV1 values are associated with 30 min of walking every day173

Reduced physical activity can occur in COPD patients with minimal abnormality  
in FEV 1174

Exacerbations and Hospital 
Admission

Patients who are more active are less likely to be admitted to hospital175,176,177

Less than 2 hours of physical activity per week is a significant predictor (OR: 0.60)  
of hospitalizations in patients with severe COPD178

Dyspnoea Increased physical activity is associated with reduced symptoms of dyspnoea179,180

Co-morbidities Only 6% of COPD patients do not have co-morbidity with the average patient 
having 3.7 conditions including COPD181

COPD patients who report lower levels of physical activity have more comorbidities 
(cardiac dysfunction, diabetes, joint problems, osteoporosis, CHD, cataracts and 
glaucoma) than those with moderate or high levels of physical activity182,183,184

Mortality Physical activity is the strongest predictor of all-cause mortality in patients with 
COPD. (inactive Vs active; Hazard Ratio=0.46 [CI 0.33-0.64])185

Quality of Life There is a strong association between levels of physical activity and quality of life186,187

Mechanisms

Aerobic training is beneficial for 
patients with COPD through the 
following mechanisms188:

•	I ncreased oxygen uptake and 
endurance capacity

•	Decreased minute ventilation (VE), 
heart rate, dyspnoea, blood lactate 
and hyperinflation

•	I mprovement of oxygen extraction 
from skeletal muscle

Strength training is beneficial for 
patient with COPD through improved 
muscle strength and endurance.

Pulmonary Rehabilitation (PR):  

It is estimated that about 40% of a GP COPD register would be suitable for 
PR.  It is best to avoid over-emphasis on the word “exercise”. Expert patients 
can also help (for example www.myhealth.london.nhs.uk breathe easy pages). 
Let them know it will make them “Breathe better, feel good, do more”.

Referral to, and timely availability of pulmonary rehabilitation in the 
post hospitalisation setting has been shown to reduce the three month 
readmission rate in COPD from 33% to 7% and a cost per QALY of £13,000. 
To date this is the only intervention that has been shown to alter the very 
high 3 month readmission rate seen in COPD. The proportion of patients 
re-admitted to hospital with an exacerbation was 33% in the usual care (UC) 
group compared with 7% in those receiving post-exacerbation PR (PEPR). 
(OR 0.15, 95% CI 0.03 to 0.72, p=0.02). The proportion of patients that 
experienced an exacerbation resulting in an unplanned hospital attendance 
(either admission or review and discharge from the emergency department) 
was 57% in the UC group and 27% in those receiving PEPR (OR 0.28, 95% 
CI 0.10 to 0.82, p=0.02) 

Positive outcomes of Pulmonary Rehabilitation 

•	Decreased exertional dyspnoea and dyspnoea associated with daily activities 

•	I ncreased exercise performance 

•	I mproved health-related quality of life

•	Enhanced functional status 

•	Reduced health care use 

•	Patients often consider it changes their life – it encourages them 
to confront fears and to make changes in their behaviour.

Diabetes Mellitus and Physical Activity

17
Summary

•	Physical activity benefits patients 
with pre-diabetes (impaired glucose 
tolerance and impaired fasting 
glucose), type I and type II diabetes.   

•	I n those patients with pre-diabetes, 
increased physical activity and a good 
diet can reduce the incidence of 
type II diabetes by 58% compared 
to 31% for those individuals taking 
metformin189.  

•	There is clear evidence from type ii 
diabetes prevention clinical trials that 
healthy lifestyle change can prevent 
the development of type II diabetes 
in a cost effective manner in high risk 
individuals190. 

•	For individuals with type II diabetes, 
there is strong evidence that physical 
activity can reduce HbA1c by 
approximately 0.6% even without 
associated weight loss191 and can lead 
to reduced medication.

Minimal work-up before 
recommending physical activity

History and examination:

Up to 20% of those with newly 
diagnosed subjects with Type2 Diabetes 
have Coronary Heart Disease (CHD). 
Therefore it is advised to:

1	I dentify asymptomatic cardiovascular 
disease signs and symptoms e.g. 
chest pain, dizziness, palpitations, 
dyspnoea, peripheral vascular disease 
(Doppler pressures measured) and 
microvascular complications. 

2	I dentify poorly controlled glycaemia 
(episodes of hypoglycemia and 
hyperglycemia.

Recommendations for physical activity

Frequency Daily

Intensity Exercise should be performed to at least moderate intensity 
and should be gradually progressed to vigorous intensity as 
able where it is safe to maximize health benefits, particularly 
changes to HbA1c and aerobic capacity.

A short period of warm up and cool down should be 
incorporated before and after the exercise sessions.

Type Aerobic: – large muscle group activities e.g. walking, cycling, 
swimming

Resistance: balance, proprioception and flexibility – e.g. yoga, 
Tai chi, referral to physiotherapy and through the gym.

Time For those unaccustomed to exercise, starting at 15 
minutes a day and building to 150 minutes a week is a 
recommendation.

If the recommended levels of physical activity cannot be achieved for various 
medical and personal reasons, doing some physical activity, even if it is less than 
the recommended guidelines, may provide some health benefits193.

Cautions

•	 Special considerations – all patients

–	 If blood sugar is ≤ 3.9 mmol/l, exercise should be postponed until 
carbohydrate has been taken and blood sugar ≥ 4 mmol/l.  Exercise can be 
recommenced on the same day when blood sugar  ≥ 4 mmol/l; however, care 
should be taken as risk of further hypoglycemia is increased. In the event of 
severe hypoglycaemia, exercise should be postponed.

–	 Avoidance of hypoglycemia during exercise should not be achieved by 
significantly increasing pre-exercise blood glucose.  Instead, treatment doses 
should be adjusted or extra carbohydrate should be taken at the start of 
exercise and during exercise if required.

–	 Ensure adequate hydration: adequate fluids should be consumed before, 
during and after exercise.

–	 Good foot care should be practiced by wearing proper shoes and cotton 
socks, and inspecting feet every time after exercise. Keep feet dry. Walking  
is safe in patients with uncomplicated peripheral neuropathy194. 

–	 Medical identification should always be carried

–	 During exercise, a source of rapid-acting carbohydrate (that ideally does 
not also contain fat) should be readily available. In general one hour of 
moderate exercise requires 15g of carbohydrate (vigorous activity may 
require 30g)195. Requirements may be higher in T1DM.
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Recommendations for physical activity (continued)

Cautions

•	 Special considerations – Type I DM

–	 Check blood sugar before and after exercise (and every 60 minutes during 
if exercising for extended periods).

–	 When starting exercise, aim for  blood sugar between 7 – 10mmol/l.

–	 Additional carbohydrate should be taken if required, especially in prolonged 
exercise, starting after 20 minutes. 

–	 If blood glucose pre-exercise is  <7mmol/l then additional carbohydrate  
should be taken and exercise can start immediately.

–	 If BM ≥ 14 mmol/l,  check for beta-hydroxybutyrate (blood ketones) / urinary 
ketones.  Exercise should be postponed if ketones are present and high 
blood sugar level should be treated.

–	 If BM ≥ 14 mmol/l, AND beta-hydroxybutyrate < 0.6mmol/l * or urinary 
ketones absent, exercise can be undertaken provided adequate hydration  
and meticulous check of blood sugar levels as aerobic exercise is likely to 
cause blood sugar to decrease. If any doubt, postpone exercise.

–	 Patients without methods to test blood / urinary ketones should discuss with 
their GPs on methods available for home testing to monitor for and prevent 
diabetic ketoacidosis. One should err in the side of caution and postpone 
exercise if any doubt arises.

•	 Special considerations – Type II DM

–	 In the event of a hypoglycaemic event in individuals on insulin and oral 
hypoglycaemics, exercise should be delayed for 24 hours as the risk for 
hypoglycaemia is increased.

–	 If blood glucose pre-exercise is <5.6mmol/l, extra carbohydrate should be 
taken and exercise can start immediately196.  

–	 It may be helpful to check blood sugar before and after exercise (and every 
60 minutes during if exercising for an extended period.

•	 Careful blood glucose monitoring, possible adjustments to treatment 
dosage and attention to diet around the time of exercise may be required to 
prevent hypoglycaemia during aerobic exercise (in those on insulin, or oral 
hypoglycaemic agents which affect insulin secretion). 

•	 Exercise can enhance the absorption of insulin if injected into an exercising 
limb. This should therefore be avoided, with the abdomen or other alternative 
injection sites used.

•	 During prolonged exercise (>60 minutes), blood glucose should be checked 
every hour.

•	 There are no exercise restrictions for patients with nephropathy and 
albuminuria198. 

•	 In the presence of autonomic neuropathy, caution should be taken for 
hypotension or silent myocardial infarction

•	 In the presence of nephropathy, blood pressure should be monitored as high 
systolic BP (180-200mmHg) can aggravate development of kidney disease199. 
Only light to moderate exercise is advised in these patients. 

•	 Patients with non-proliferative retinopathy can safely undertake light to 
moderate exercise. The risk in proliferative retinopathy is still low however 
vigorous activity involving impact and jarring is best avoided200. 

Diabetes Mellitus and Physical Activity

Criteria for referral:

1	 For the majority of patients with 
diabetes, including those at high 
risk of CAD192, recommending light 
to moderate activity such as brisk 
walking is safe and it is left to clinical 
judgment as to whether any clinical 
complications identified require 
further referral. 

2	 For those patients wanting to 
undertake vigorous activity, clinicians 
should use their clinical judgement 
to exclude any contraindications to 
exercise, in particular pertaining to 
cardiovascular disease.

3	 All patients with no previous exercise 
stress test and with pre-existing CAD 
should be referred for exercise testing 
for a formal assessment of their 
response to exercise

Recommendations for physical activity (continued)

Contraindications201

•	 The presence of active retinal hemorrhage. 

•	 Treatment for retinopathy within 3 months e.g. laser treatment.

•	 Current illness or infection. 

•	 Blood glucose > 14mmol/l and ketones are present (blood glucose should 
be lowered before initiation of exercise).

•	 Blood glucose < 3.9mmol/l (see above).

•	 Patients with peripheral neuropathy and a foot ulcer should not undergo 
weight bearing activity but can participate in non-weight bearing activity  
such as cycling or swimming. 

Patients with autonomic neuropathy are not recommended to undertake 
vigorous activity and light to moderate activity should only be limited to  
sessions of shorter duration202.

How does physical activity  
prevent diabetes?

•	There is strong and consistent 
evidence that type II diabetes 
incidence and progression can be 
reduced with physical activity in those 
with impaired glucose tolerance (IGT) 
and that the effects are independent 
of weight loss203. 

•	I n a meta-analysis204 regular physical 
activity halves the risk of developing 
diabetes (HR = 0.49). This compares 
favourably to diet only (HR = 0.67), 
but identical to combined diet and 
exercise (HR 0.49).

•	I n the same study numbers needed 
to treat (NNT) to prevent a case of 
diabetes in patients with are 6.4 for 
diet and exercise, 10.8 for anti-
diabetic medication (e.g. Metformin) 
and 5.4 for Orlistat. 

•	150 minutes a week of physical 
activity and diet induced weight 
loss of 5-7% reduces the risk of 
progression from Impaired glucose 
tolerance to type II DM by 58%205,206. 

•	I n one major study lifestyle 
intervention groups had a 43% 
lower diabetes incidence (age and 
clinic adjusted) for up to 14 years 
after the active intervention ceased, 
and diabetes onset was delayed an 
average of 3∙6 years207.  

How can physical activity  
treat ciabetes?

•	Physical activity improves blood 
glucose control in type II DM due 
to improved insulin sensitivity and 
this may enable reduction and 
even discontinuation of medication 
in a substantial proportion of 
patients208,209,210,211.       

•	Either aerobic or resistance training 
improves glycemic control (measured 
with HbA1c) in type II DM, but the 
improvements are greatest with 
combined aerobic and resistance 
training212. 

•	Exercise programmes can reduce 
glycated haemoglobin levels 
by approximately 0.6% as well 
as reducing adipose tissue and 
triglyceride levels213. 

•	Cohort studies show that among 
patients with diabetes the least 
active and least fit have the highest 
mortality214. Church et al215 found that 
men in the lowest, second, and third 
quartiles of cardiorespiratory fitness 
had 4.5, 2.8 and 1.6-fold greater risk 
for overall mortality than men in the 
highest quartile of cardiorespiratory 
fitness. “Essentially all of the association 
between higher BMI and higher 
mortality was explained by confounding 
with cardiorespiratory fitness; there 
was no difference in mortality among 
normal-weight, overweight, and 
obese men after adjustment for 
cardiorespiratory fitness”.

Mechanisms – see Chapter 20
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Depression and physical activity

18
Summary

•	NICE recommends physical activity as 
an effective treatment for depression. 

•	There is strong evidence that regular 
physical activity reduces the risk of 
depression possibly by as much as a 
third. 

•	150 minutes of moderate activity 
and/or 75 minutes of vigorous activity 
is recommended with possible 
greater benefit from being outdoors 
in green space

.

Recommendations for physical activity

Frequency Daily

Intensity As per DH guidelines of 150 minutes of moderate activity 
and/or 75 minutes of vigorous activity.

Type The addition of walking with other people and in green 
space has been shown to have a positive effect on mental 
health. NICE Recommends Health Walks specifically as an 
effective way to improve wellbeing in the elderly. For active 
people, sport activities may provide distraction through their 
sociable nature.

Time For those unaccustomed to exercise, starting at 15 minutes a 
day and building to 150 minutes a week is a recommendation.

Cautions and contraindications

Underweight patients with diagnosed eating disorders should not be prescribed 
exercise for depression216

Can physical activity prevent 
depression?

Physical activity is inversely related  
to depression217,218,219,220. In a German 
population group, Weyerer found that 
those who reported no physical activity 
ran three times the risk of developing 
moderate to severe depression as 
those who reported being physically 
active221. A well-known study is that 
of Paffenbarger222 and colleagues 
from 1994 in which they followed 
Harvard students of physical activity 
and exercise to depressive illness. 
The conclusion was that those who 
engaged in regular physical exercise 
had a lower risk of developing 
depression. The effect was clearly 
dose-dependent. However there is one 
study published by Cooper-Patrick and 
colleagues223 with a 15-year follow-up 
that showed no relationship between 
inactivity and depression. 

In a 2007 report from the Caerphilly 
Study in Wales that there is a relation 
between a high level of physical 
activity in leisure time and at work, and 
reduced incidence of mental disorders 
(mainly depression and anxiety), at 
a 5-year follow-up but not after 10 
years224. A more objective study from 
Japan measured the physical activity 
of 184 individuals, aged 65–85 years, 
with an accelerometer and pedometer, 
for one year. They found a significant 
negative relationship between physical 
activity and depressive symptoms225. 

However although there is strong 
evidence that inactivity is related to 
depression it is not so clear whether 
it is physical inactivity that leads to 
depressive symptoms or whether it is 
depression that leads to inactivity.

Can physical activity treat 
depression?

NICE Guidelines226 recommend 
the following:

For people with persistent 
subthreshold depressive symptoms 
or mild to moderate depression and 
a chronic physical health problem, 
and for people with subthreshold 
depressive symptoms that 
complicate the care of the chronic 
physical health problem, consider 
offering structured group physical 
activity programme (along with CBT 
and group based peer support) , 
guided by the person’s preference. 
The activity programme should:

•	be modified for different abilities 
according to the physical 
programme health problem, in 
liaison with the team treating the 
physical health problem

•	be delivered in groups supported 
by a competent practitioner

•	typically consist of 2–3 sessions 
per week (lasting 45 minutes to  
1 hour) over 10–14 weeks

•	be coordinated with any 
rehabilitation programme for the 
physical health problem.

A meta-analysis227, and a Cochrane 
collaboration228 showed that regular 
physical activity has similar efficacy 
to cognitive behavioural therapy in 
treating depression. The Cochrane 
review for the 23 trials (907 
participants) comparing exercise with 
no treatment or a control intervention, 
the pooled SMD was -0.82 (95% CI 
-1.12, -0.51), indicating a large clinical 
effect. However, when they included 
only the three trials with adequate 
allocation concealment and intention 
to treat analysis and blinded outcome 
assessment, the pooled SMD was  
-0.42 (95% CI -0.88, 0.03).

A study in which 156 patients aged 
50–77 years were randomly divided 
into three treatment groups. The trial 
lasted for four months. Group 1 was 
treated with sertraline 50–200 mg per 
day. The second group received exercise 
training in the form of 30 minutes of 
walking and jogging, 3 times a week. 
The third group received both sertraline 
and exercise training. They found no 
significant difference in treatment 
effect between the three groups, 
and all showed a good effect from 
the treatment229. The recent TREAD 
study230 confirmed these findings 
by demonstrating that the addition 
of physical activity to usual care of 
depression in primary care showed no 
significant benefit. It appears that there 
is benefit to using physical activity as 
a sole treatment for mild to moderate 
depression but no evidence to show 
benefit when it is added to usual care.

Possible mechanisms: see Chapter 
20.
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Osteoporosis and physical activity

19
Summary

•	Physical activity improves muscle 
strength, mobility and balance,  
all of which help reduce the risk  
of falls and thereby reduced the  
risk of fractures231,232, and improves 
quality of life. 

•	Lack of physical exercise is associated 
with low BMD and increased risk of 
osteoporosis in later life233. 

•	Complete bed rest results in calcium 
loss of 200-300mg per week. BMD 
in trabecular bone is lost at the rate 
of 1-2 % per week, while BMD in 
cortical bone is lost at the rate of 1% 
per month.

•	Women can lose up to 20% of their 
bone mass in the five to seven years 
after menopause. Together with 
lower peak bone mass in young 
adulthood, this can result in higher 
incidence of osteoporotic fractures in 
women as compared to men234.

Minimal work-up before 
recommending physical activity

History and examination:

Presence of tendency of falls, 
pain assessment, lumbar mobility, 
assessment of kyphosis as this may limit 
the type of activity performed. 	
Investigation: Dexa Scan to understand 
degree of osteopaenia or osteoporosis 
before recommending physical 
activity, (serum calcium, phosphate, 
Alkaline phosphatase, vitamin D and 
parathyroid hormone) to investigate 
secondary hyperparathyroidism or 
osteomalacia.

Recommendations for physical activity

Frequency Daily

Intensity Mild to moderate intensity activities.

Type Walking and other mild to moderate activities. Tai Chi and 
Pilates should be incorporated to improve balance and 
coordination. Lumbar extension exercises appear to be safe235.

Time For inactive starting with 15 minutes daily and building up  
to 150 minutes/week – see Chapter 4 UK Guidelines.

Cautions and contraindications

Ensure that the exercise environment is free of hazards that would increase risk 
of falling e.g. loose floor tile, mats or exercise equipment. Wall or side-railing 
may help.

Trunk flexion exercises should not be prescribed to patients with osteoporosis 
who are at high risk of fracture236. This includes those taking systemic 
corticosteroids for a cumulative period of 3 months or greater during the 
preceding year at a prednisolone-equivalent dose ≥ 7.5mg daily. 

Patients recovering from hip fracture should not perform physical activity for 
more than 15-30 minutes per session, early in the rehabilitation process as it 
can increase orthopaedic complications. Weight bearing exercise can be started 
after 18 days, and resistance exercise can be progressively incorporated 1 month 
following in-patient rehabilitation (Level 2, Grade A)237. Powerful twisting 
movement of the trunk should be avoided (Level 3, Grade C).

How does physical activity  
prevent osteoporosis?

A gradual loss of bone density takes 
place from around the age of 20,  
when the maximum bone mass is  
fully developed until menopause238. 
Studies have shown that weight 
bearing activities maintain existing 
bone mass239,240. 

How does physical activity  
benefit osteoporosis?

Regular aerobic, weight-bearing and 
resistance exercise training has been 
shown to have a positive effect on the 
bone mineral density (BMD) of the 
spine in post-menopausal women. 
Walking is effective for hip BMD. 

Balance, strength training and 
lumbar241 stabilization exercises lead 
to an improved daily functional capacity 
and quality of life with better balance 
and less pain. 
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The mechanisms of physical activity: 
How does it work?

20

Anti-inflammatory

This is perhaps the most important 
benefit of physical activity.

Chronic low-grade inflammation is 
a key player in the pathogenesis of 
most long term conditions. TNF alpha 
is released during the inflammatory 
response and is a key component to 
chronic inflammation. It is an important 
cytokine and this has a direct effect 
on insulin resistance and detrimental 
effects on the endothelium

In many ways a bout of muscle 
contraction in exercise is similar to a 
stimulus such as an infection except 
that is not TNF alpha that is released 
but, instead large amounts of a 
cytokine called Inter-Leukin 6 (IL6) from 
the contracting muscle. IL6 has both an 
anti-inflammatory and an inflammatory 
role yet when released by muscle 
improves insulin sensitivity, oxidises fat 
and acts as an anti-inflammatory. Levels 
can increase 200-fold during exercise 
and it continues to be produced from 
muscle for at least 24 hours after a 
bout of exercise so that levels remain 
high in those that take regular activity.

The muscle is now 
thought to be an 
important endocrine 
organ releasing IL6 
when it contracts 
leading to a powerful 
anti-inflammatory 
response, insulin 
sensitivity and fat 
oxidation.

Cardiovascular effects

A large study242 of 27,000 women demonstrated that the most active women 
(>1500kcal/wk compared to <200kcal/wk) had a 41% reduction in CVD events 
after 10 years. The risk factors that are modified by physical activity account 
for 59% of this reduction (see Table 8), with inflammation and reduced blood 
pressure making the largest contribution.  

Inflammatory hemostatic (hCRP Fibrinogen etc) 33%

Blood pressure 27%

Traditional Lipids (total Cholesterol, LDL, HDL,) 19%

Novel Lipids (Lipoprotein, Apolipoprotein) 15%

BMI 10%

HbA1c and Diabetes 9%

Homocysteine 1%

All risk factors above 59%

Table 8: Risk factors modified by physical activity and the percentage contribution  
they each make to reducing CVD events: i.e. the mechanisms behind how physical  
activity benefits CVD mortality

Endothelial function

The endothelium, the cell layer lining 
the blood vessels, plays a key role 
in a number of vascular functions. 
Impairment of arterial endothelial 
function is an important early step 
in the atherosclerotic process and a 
predictor of cardiovascular disease243.  
Brachial artery flow-mediated dilation 
(FMD) is widely used as a marker of 
systemic arterial endothelial function. 
FMD is associated with coronary 
atherosclerosis244 and predicts the 
likelihood of cardiovascular events245.  

In men and women with metabolic 
syndrome, 12 weeks of aerobic interval 
training, resistance exercise training  
or combined training, increased 
brachial artery FMD by 28% to 38%  
in all groups, despite no change in 
body weight246. 

In one study, a one year period 
of resistance exercise training in 
overweight women was reported  
to increase brachial artery FMD by 
41%, without a reduction in total  
body fat mass247. 

Hypertension

Both aerobic and resistance exercise 
training reduce blood pressure through 
reducing pulse rate and improving 
endothelial function. These benefits  
are independent of weight loss 
although weight loss in obese patients 
is still an important part of blood 
pressure control248. 

 In a 6-week program in which 168 
overweight men and women with 
stage I hypertension participated in 
brisk walking, 24-hour ambulatory 
systolic and diastolic blood pressures 
were reduced (systolic, from 143.1  
to 135.5 mm Hg; diastolic, from 91.1 
to 84.8 mm Hg) without reducing 
body weight249. A meta-analysis 
of 72 exercise intervention trials 
found that training reduced resting 
and ambulatory blood pressure in 
in individuals with hypertension by 
approximately 7/5 mm Hg250. In a 
meta-analysis251 it was demonstrated 
that resistance training in both 
normotensive and hypertensive 
individuals resulted in a 3% to 4% 
reduction in blood pressure with no 
significant changes in body weight.

Figure 6: A comparison of different anti-hypertensive treatments comparing  
medication with physical activity and weight loss in reducing blood pressure in 
hypertension252,12,253,254 (mmHg reduction)
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Haemostasis

Physical activity improves the 
coagulability by decreasing levels 
of fibrinogen and other clotting 
factors255. In a large study of 4000 
elderly men, physical activity showed a 
significant and inverse dose-response 
relationship with fibrinogen, plasma 
and blood viscosity, platelet count, 
coagulation factors VIII and IX, von 
Willebrand factor, fibrin D-dimer, 
tissue plasminogen activator antigen, 
C-reactive protein and white cell count, 
even after adjustment for possible 
confounders256. 

In a 16-week, home-based aerobic 
exercise intervention257 of ≥ 150 minutes 
per week in 25 sedentary, overweight 
subjects with Type2 diabetes, the MMP-
9/TIMP-1 ratio (which is an independent 
predictor of CHD) was improved by 
33%. There was also a 17% decrease 
in fibrinogen and a 30% decrease in 
C-reactive protein (CRP), despite no 
change in BMI. 

Lipids

Physical activity has favorable effects 
on lipids and lipoproteins, even with 
unchanged body weight258. A meta-
analysis of 27 studies concluded that 
aerobic exercise was associated with a 
small but statistically significant effect 
on increasing high-density lipoprotein 
cholesterol (HDL-C) levels and exhibited 
a trend toward decreasing serum 
triglyceride levels259. 

Aerobic exercise may be of particular 
value in treating individuals with 
the most atherogenic lipid profiles. 
In one study, 20 weeks of aerobic 
exercise training was more effective at 
improving lipid and lipoprotein profiles 
in overweight men with a combination 
of low HDL-C and elevated triglycerides 
than in men with either isolated low 
HDL-C or elevated triglycerides260. 
High-density lipoprotein cholesterol  
was increased by 4.9% and 
triglycerides were reduced by 15%, 
despite small changes in weight (−0.7 
kg) and fat mass (−1.1 kg). 

Insulin resistance

Insulin resistance increases the risk 
of both diabetes and cancer of 
the breast, colon, pancreas and 
endometrium. Insulin can enhance 
tumour development by stimulating cell 
proliferation or inhibiting apoptosis261.

Both physical activity and obesity 
independently cause insulin resistance. 
There is little evidence that the 
aging process alone increases insulin 
resistance262. Instead it is more likely 
that older age is related to increasing 
inactivity and weight gain. Physical 
activity on its own can significantly:

•	I ncrease glucose tolerance
•	Reduce fasting glucose
•	Enhance insulin sensitivity
•	Reduce HbA

1C

Acute bouts of physical activity improve 
insulin sensitivity and increase glucose 
uptake by skeletal muscle, even in 
those with Type2 diabetes mellitus,  
for up to 12 hours263.

Chronic exercise training results 
in prolonged improvements in 
insulin sensitivity264,265,266. Resistance 
exercise may be more effective as the 
mechanism of insulin sensitivity is  
based in the muscles. 
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Musculoskeletal

Muscle

Aerobic exercise training results in an 
increase in mitochondrial function and 
an increase in capillarization both of 
which are highly related to improving 
insulin sensitivity and fat disposal.  
It may only take 12 weeks of  
combined resistance and aerobic 
exercise in obese patients to restore 
mitochondrial function to the level of 
a healthy control subject despite no 
change in weight. 

Physical activity releases free radicals 
(Reactive Oxidative Species, ROS) 
and so one would expect more DNA 
damage within the cell. However a 
constant production of ROS helps to 
stimulate the manufacture of an ample 
supply of anti-oxidants that not only 
helps to mop up the ROS but also helps 
to maintain the health of the cell. This 
may be a critical way in which physical 
activity improves health. 

Osteoarthritis

Contrary to the popular myth that 
exercise causes more ‘wear and tear’  
of joints in fact regular moderate 
physical activity protects and 
strengthens joints and as a result 
reduces pain and increases function. 

There appear to be three mechanisms 
by which physical activity helps to 
prevent osteoarthritis. 

•	I ncreased muscle strength and 
proprioception

•	I mproved quality of cartilage
•	Weight loss

Muscle strength

•	Muscles are important in 
maintaining a healthy joint. They 
produce movement, absorb 
loading, and provide dynamic joint 
stability268,269,270. 

•	Muscle weakness is thought to 
be one of the main risk factors of 
osteoarthritis along with poor limb 
alignment and obesity272,272,273,274.

•	Weaker muscles occur as a result of 
inactivity, aging, after injury or with 
joint pain such as OA. Weak muscles 
not only tire more rapidly, but they 
also display a slower voluntary and 
reflex motor control. 

•	Once the protective muscular control 
is lost, excessive joint movement and 
instability with pathological shear and 
peak joint forces occur. This leads to:

1	S tress-induced micro-trauma to the 
articular cartilage.

2	 Consequent cartilage degeneration.

3	P athological sub-chondral pressure 
increase.

4	 Consequent sub-chondral bone 
sclerosis. 

5	 Joint collapse with axis deviation.

Quality of cartilage

•	Studies using MRI scans have 
shown that after just 10 weeks 
of moderate physical activity the 
glycosaminoglycan levels are 
increased in knee cartilage275,276. 
This suggests chondro-protective 
effects which will be valuable in  
OA prevention. 

•	I n a systematic review277 of the knee, 
physical activity was associated with 
reduced cartilage defects, greater 
cartilage volume but increased 
osteophytes. However it was 
discussed that osteophytes increase 
stability and distribute the load and 
so when associated with healthier 
cartilage may actually create a 
healthier joint.

Weight loss

There is strong evidence that obesity is 
related to osteoarthritis of the knee and 
hand and moderate evidence linking it 
to OA of the hipF.

Back pain

Despite considerable academic 
attention low back pain remains 
difficult to fully explain particularly as 
emotional and psychosocial factors 
play a major role. This creates large 
differences both within and between 
individuals. 

Peripheral nerve endings (nociceptors) 
are in each part of the spine except the 
central disc278. However recent research 
has found that these nociceptors 
migrate into the centre of degenerative 
discs through scar tissue279,280. When 
stimulated they cause pain that may 
directly contract back muscles281,282. 
These muscles may then continue to 
contract long after the initial stimulus 
has healed (usually 2-3 days)283. All 
tissue around the spine has nociceptors 
that may contribute to this pain. 

Even after a few days of pain and rest, 
muscles around the lumbar spine start 
to atrophy. This may be exacerbated 
by negative reflexes from nociceptors 
that inhibit movement in some 
muscles284,285,286.

There is associated lower bone mineral 
content in patients with chronic low 
back pain resulting in not only weaker 
vertebrae but also weaker tendons, 
ligaments and other soft tissue287. 

The mechanisms of physical activity: How does it work?

The direct effects of aerobic training on 
back pain have not been completely 
established but the following are 
current theories. General physical 
activity:

•	I ncreases endorphin production.

•	Generates movement of the spine 
when walking or jogging which 
transports pain inducing metabolites 
in and out of the relatively avascular 
disc288. 

•	Has an ‘activating’ effect on painful 
and contracted back muscles.

•	Breaks down the fear of movement, 
increases self-confidence and reduces 
social isolation and exclusion that 
can all contribute to better pain 
control289,290. 

Immune system

Physical activity can improve the 
number or function of natural killer 
cells, which have a role in tumour 
suppression and reduction of 
infections291. Bouts of exercise have 
been shown to result in acute increases 
in of components of immune function 
(for example, neutrophils, monocytes, 
eosinophils and lymphocytes), followed 
by a dip below pre-exercise levels 
lasting up to 1–3 hours 292. There is 
an inverted J-shaped dose-response 
relationship between chronic physical 
activity and enhanced immune 
function whereas exhaustive exercise, 
overtraining or high-intensity exercise 
may lead to immunosuppression, 
which can give rise to e.g. increased 
susceptibility to upper respiratory tract 
infections.

Physical activity and cancer: 
Mechanisms

Physical activity can prevent cancer  
in several ways:

Hormonal 

Physical activity reduces both circulating 
oestrogen and progesterone levels 
affecting endometrial, ovarian, prostate 
and breast cancer.

Physical activity increases insulin 
sensitivity that is linked to many 
cancers. Insulin stimulates cell 
proliferation. Diabetes mellitus is 
associated with a significant (16%) 
increase in postmenopausal breast 
cancer risk 

Reducing inflammation 

Physical activity reduces chronic 
inflammation which is associated 
with a higher risk of cancer. Inactivity 
is associated with less intracellular 
antioxidant production leading to 
increased vulnerability of cells to 
reactive oxidants. 

Immunity

Physical activity stimulates the 
production of Natural Killer Cells that 
scavenge for cancer cells.

Physical activity and diabetes: 
Mechanisms

Type II diabetics have 3-4 times higher 
risk of developing myocardial infarction 
and stroke, physical activity lowers risk 
factors for CHD293,294,iii. These include 
decreased systemic inflammation, 
improved early diastolic filling (reduced 
diastolic dysfunction), improved 
endothelial vasodilator function, and 
decreased abdominal visceral fat 
accumulation. There is a modest effect 
on lipid profile295 and blood pressure296.

Physical activity increases insulin 
sensitivity through several mechanisms 
increase. These include increasing 
aspects of insulin signaling cascade 
which up-regulates insulin-stimulated 
glucose uptake and transport 
and increase in GLUT 4 protein 
concentration297,298.

Physical activity increases numbers 
and size of mitochondria and switches 
on enzymes that manufacture anti-
oxidants. Paradoxically inactivity and 
obesity create more reactive oxidative 
species (ROS or free radicals) due to 
unused spare electrons reacting with 
oxygen and damaging mitochondria. 
Insulin resistance is strongly linked to 
ROS and damaged mitochondria299. 

Physical activity and depression: 
Mechanisms

There is still no clear understanding 
as to how physical activity benefits 
patients with depression however 
Kjellman et al in the ‘Swedish Manual 
of Physical Activity’300 goes through 
the current thinking.

Behaviour change

Physical activity involves a change in 
behaviour, a behaviour modification. 
In depression, a person’s behaviour 
is often characterised by passiveness, 
withdrawal and isolation. Changing 
behaviour can affect thoughts and 
emotions, and in doing so contribute 
to reversing depression301. Physical 
exercise has been shown to encourage 
positive thoughts and emotions, 
increased confidence in coping, and 
increased self-confidence and capacity 
for self-control.

Resilience

Another possible psychological 
mechanism is that one becomes more 
resistant to stress through physical 
exercise. This could be linked to 
reduced activity in the hypothalamus-
pituitary-adrenocortical axis, whose 
function is often pathologically 
increased in depression302. Increasingly 
important research shows that 
psychological distress is significantly 
improved through just 20 minutes of 
physical activity a week303.

F Grotle M, Hagen KB, Natvig B A 
Dahl FA and Kvien TK. Obesity and 
osteoarthritis in knee, hip and/or hand: 
An epidemiological study in the general 
population with 10 years follow-up. BMC 
Musculoskeletal Disorders 2008, 9:132 
doi:10.1186/1471-2474-9-132
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Neurotransmitters

Physical activity improves synthesis and 
metabolism of the neurotransmitters 
noradrenaline, serotonin and dopamine 
in test animals304. Definite proof 
that this is the case in humans is not 
available yet, however, though it is a 
plausible hypothesis of an important 
underlying mechanism.

Endorphins

A popular hypothesis is that the effect 
of exercise is due to an increased 
concentration of endorphins, that 
is, the body’s own morphine. Both 
rat and human trials support this 
hypothesis305,306, but more research is 
needed on the effect of endorphins in 
the brain of patients being treated  
with physical exercise.

Cell regeneration

Exercise may help in cell regeneration 
in some parts of the brain, especially 
the hippocampus, which is used for 
learning and memory. Researchers have 
found a lower hippocampal volume 
in depressed individuals307 and that 
treatment with antidepressant drugs 
yields regeneration of cells there308. 
A research group at Karolinska Institute 
in Sweden have recently found in 
animal studies that physical activity 
regenerates parts of the brain that are 
depleted in depression.

Physical activity and osteoporosis: 
Mechanisms

Bone tissue that is subject to dynamic 
load responds with a cellular reaction 
characterized by an acute release 
of prostaglandins which leads to 
production of growth factors and 
subsequent bone renewal in response 
to the original load309.

Rapid bone resorption takes place in 
the absence of weight-bearing load 
as seen during space missions and 
immobilizations310,311.

Reduced muscle strength, balance and 
coordination are risk factors for falls. 
Physical activity can help reduce these 
risk factors and consequently, reduce 
and prevent the risk of fracture. 

can increase 200-fold during exercise 
and it continues to be produced from 
muscle for at least 24 hours after a 
bout of exercise so that levels remain 
high in those that take regular activity.

The mechanisms of physical activity: How does it work? A1
Selected activities and their MET value and Energy Expenditure

Activity Intensity for an average  
50 year old male

Intensity (METS) Energy expenditure (Kcal 
equivalent, for a person  

of 60kg doing the activity 
for 30 minutes)

Painting/decorating Moderate 3.0 90

Hoovering Moderate 3.5 105

Food shopping Light 2.3 69

Gardening Moderate 4.0 100

Mowing lawn – power mower Vigorous 5.5 165

Ballroom dancing (fast) Moderate 4.5 135

Aerobic dancing Vigorous 6.5 195

Golf – Walking, Pulling Clubs Moderate 4.3 129

Badminton – social Moderate 4.5 135

Tennis – doubles Moderate 5.0 150

Tennis – singles Vigorous 8.0 240

Walking

2.0 mph Light 2.5 75

3.0 mph Moderate 3.3 100

4.0 mph Moderate 5.0 150

4.5 mph Vigorous 6.3 189

Running

6.0 mph Vigorous 10.0 250

7.0 mph Vigorous 11.5 345

8.0 mph Vigorous 13.5 405

Cycling

10-12 mph Moderate 6.0 180

12-14 mph Vigorous 8.0 240

14-16 mph Vigorous 10.0 250

The most energetic sports

Running (5.5 mins / mile) Vigorous 18 540

Cross Country Skiing Vigorous 16.5 495

Speed Skating Vigorous 15 450

Boxing Vigorous 12 360

Rowing Vigorous 12 360

Butterfly Swimming Vigorous 11.0 330

Football Vigorous 10 250
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A2
Active People Survey (2011) showing the percentage of the adult population in each borough who achieve less than 30 minutes of  
activity a week, 1x30 minute sessions and 5x30 minute sessions a week.

% of adults 
doing less than 

30mins of PA  
a week

Difference from 
the national 

average of 
29.5%

% of adults 
doing at least  
30 min of PA 
once a week

Difference from 
the national 

average of 
58.9%

% of adults 
doing at least 
30 mins of PA 

five  times a 
week

Difference from 
the national 

average of 
21.5%

Camden 25.0% -4.5% 62.4% 3.5% 24.8% 3.4%

Islington 28.2% -1.3% 60.9% 2.0% 23.7% 2.3%

Kensington 
and Chelsea

27.5% -2.0% 65.3% 6.4% 25.1% 3.6%

Lambeth 29.1% -0.4% 56.4% -2.5% 25.1% 3.6%

Southwark 31.5% 2.0% 55.7% -3.2% 22.1% 0.7%

Wandsworth 23.3% -6.2% 66.7% 7.8% 27.1% 5.7%

Westminster 28.9% -0.6% 61.3% 2.3% 26.7% 5.2%

Barking and 
Dagenham

40.2% 10.7% 46.7% -12.2% 18.8%  -0.2%

Bexley 30.1% 0.6% 57.8% -1.1% 18.9%  -0.3%

City of London 35.5% 6.0% 62.2% 3.3% 19.9% -1.5%

Greenwich 32.4% 2.9% 51.2% -7.7% 17.9% -3.5%

Hackney 27.4% -2.1% 62.6% 3.7% 25.3% 3.8%

Havering 36.9% 7.4% 46.4% -12.5% 15.2% -6.2%

Lewisham 28.8% -0.7% 59.9% 1.0% 20.6% -0.9%

Newham 41.0% 11.5% 47.9% -11.0% 16.2% -5.3%

Redbridge 38.5% 9.0% 51.5% -7.4% 18.0% -3.5%

Tower Hamlets 35.3% 5.8% 54.2% -4.7% 16.9% -4.5%

Barnet 32.4% 2.9% 57.1% -1.8% 18.9% -2.5%

Enfield 34.5% 5.0% 52.8% -6.1% 19.2% -2.3%

Haringey 28.2% -0.7% 57.1% -1.8% 19.0% -2.4%

Waltham Forest 31.8% 5.0% 56.2% -2.7% 20.4% 1.1%

Bromley 23.8% -0.7% 66.3% 7.4% 20.5% -1.0%

Croydon 27.0% -0.7% 59.8% 0.9% 20.1% -1.4%

Kingston upon 
Thames

21.8% -0.7% 64.2% 5.3% 22.2% 0.7%

Merton 29.1% -0.7% 58.8% -0.1% 22.6% 1.2%

Richmond 
upon Thames

22.8% -0.7% 68.4% 9.4% 27.1% 5.7%

Sutton 20.6% -0.7% 65.2% 6.3% 18.2% -3.2%

Brent 36.5% 5.0% 53.1% -5.8% 19.7% -1.8%

Ealing 34.3% 5.0% 50.9% -8.0% 16.8% -4.6%

Hammersmith 
and Fulham

25.6% -0.7% 65.0% 6.1% 28.6% 7.2%

Harrow 35.8% 5.0% 50.6% -8.3% 16.1% -5.4%

Hillingdon 35.4% 5.0% 52.0% -6.9% 18.5% -2.9%

Hounslow 38.2% 5.0% 50.7% -8.3% 16.8% -4.7%

references

1	 WHO: Global Health Observatory 
Data Repository. 2011.http://apps.
who.int/ghodata.

2	 Kvaavik E, Batty DG, Ursin G, MD, 
Huxley R, Gale CR, Influence of 
Individual and Combined Health 
Behaviours on Total and Cause-
Specific Mortality in Men and 
Women The United Kingdom 
Health and Lifestyle Survey ARCH 
INTERN MED/VOL 170 (NO. 8), APR 
26, 2010

3	B lair SN,: Br Journal Sports Med 
2009;43:1-2

4	D epartment of Culture Media and 
Sports Strategy Unit. Game Plan: a 
strategy for delivering Government’s 
sport and physical activity 
objectives. London: Cabinet Office, 
2002.

5	A llenda S, Foster C, Scarborough P, 
Raynor M, The Burden of Physical 
activity-related ill health in the UK. 
J.Epidemiol, Community Health 
2007; 61;344-348.

6	 Nazmi S, (2008) Physical inactivity 
and its impact on healthcare 
utilization, Wiley Interscience, 18 
(8): 885-901)

7	 Jurca R, Jackson AS, LaMonte MJ, 
Morrow JM, Blair SN, Wareham 
NJ, Haskell WL, van Mechelen W, 
Church TS, Jakicic JM, Laukkanen 
R, : Assessing Cardiorespiratory 
Fitness Without Performing 
Exercise Testing. Am J Prev Med 
2005;29(3):185–193).

8	 Kodama S, Saito K, Tanaka S, 
Maki M, Yachi Y, Asumi M, 
Sugawara A, Totsuka K, Shimano 
H, Ohashi Y, Yamada N, Sone 
H; Cardiorespiratory Fitness as a 
Quantitative Predictor of All-Cause 
Mortality and Cardiovascular 
Events in Healthy Men and 
WomenA Meta-analysis. JAMA. 
2009;301(19):2024-2035

9	 de Koning L, Merchant AT, Pogue 
J, Anand SS. Waist circumference 
and waist-to-hip ratio as predictors 
of cardiovascular events: meta-
regression analysis of prospective 
studies. Eur Heart J. 2007;28 
(7):850-856.

10	 Lewington S, Clarke R, Qizilbash 
N, Peto R, Collins R; Prospective 
Studies Collaboration. Age-specific 
relevance of usual blood pressure to 
vascular mortality: a meta-analysis 
of individual data for one million 
adults in 61 prospective studies. 
Lancet. 2002;360(9349):1903-
1913.

11	 Hokanson JE, Austin MA. Plasma 
triglyceride level is a risk factor for 
cardiovascular disease independent 
of high-density lipoprotein 
cholesterol level: a meta analysis 
of population-based prospective 
studies. J Cardiovasc. Risk. 
1996;3(2):213-219.

12	 Coutinho M, Gerstein HC, Wang Y, 
Yusuf S. The relationship between 
glucose and incident cardiovascular 
events: a metaregression analysis of 
published data from 20 studies of 
95 783 individuals followed for 12.4 
years. Diabetes Care. 1999;22(2): 
233-240.

13	G ordon DJ, Probstfield JL, Garrison 
RJ, et al. Highdensity lipoprotein 
cholesterol and cardiovascular 
disease: four prospective American 
studies. Circulation.1989;79(1):8-15

14	A merican College of Sports 
Medicine. Guidelines for Exercise 
Testing and Prescription. 7th Edition 
2006

15	 Caspersen CJ, Powell KE, 
Christenson GM. Physical-activity, 
exercise and physical fitness: 
Definitions and distinctions for 
health related research. Public 
Health Rep 100: 126-131.

16	D epartment of Health: Start Active, 
Stay Active: a report on physical 
activity for health from the four 
home countries’ Chief Medical 
Officers. HMSO July 2011.

17	S edentary Behaviour and Obesity 
Expert Working Group (2010) 
Sedentary Behaviour and Obesity: 
Review of the current Scientific 
Evidence. London. Department of 
Health.

18	M atthews CE, Chen KY, Freedson 
PS et al (2008) Amount of time 
spent in sedentary behaviours in the 
US, 2003-2004. American Journal 
of Epidemiology 167(7):875-881.

19	 Warburton DE, Charlesworth S, 
Ivey A et al (2010) A Systematic 
review of the evidence for Canada’s 
Physical Activity Guidelines for 
Adults. International Journal of 
Behavioural Nutrition and Physical 
Activity 7:39.

20	S ingh AS, Mulder C, Twisk JW et al. 
Tracking of childhood overweight 
into adulthood: a systematic 
review of the literature. Obes Rev 
2008,9:474-88

21	M amun AA, Hayatbakhsh 
MR, O’Callaghan M, et al, 
Early overweight and pubertal 
maturation – pathways of 
association with young adults’ 
overweight: a longitudinal study. Int 
Journal Obesity (London) 2009,33: 
14-20

22	 Hills AP, Anderson LB, Bryne NM. 
Physical activity and obesity in 
Children. British J Sports Med 2011, 
45:866-870

23	P ardee PE, Norman GJ, Lustig 
RH et al. Televsion viewing and 
hypertension in obese children. Am 
J Prev Med. 2007, 33: 439-443



my best move52 a guide for gps 53

24	E kulund U, Brage S, Froberd K et 
al. TV viewing and physical activity 
are independently associated with 
metabolic risk in children: the 
European Youth Heart Study. PLoS 
Medicine 2006, 2: 2449-2456

25	P rimack BA, Swanier B, 
Georgiopoulos AM et al. 
Association between media use 
in adolescence and depression in 
young adulthood: a longitudinal 
study. Arch Gen Psychiatry 2009, 
66:181-8

26	M acKelvie KJ, Khan KM, McKay HA. 
Is there a critical period for bone 
response to weight-bearing exercise 
in children and adolescents? A 
systematic review. Br J Sports Med 
2002, 36:250-257

27	S tart Active Stay Active. A report on 
physical activity for health from the 
four home countries’ chief Medical 
Officers. HMSO 2011

28	B e Active Be Healthy. Department 
of Health 2006

29	 HSE 2008: VOL1 | PHYSICAL 
ACTIVITY & FITNESS | CHAPTER 
2: SELF-REPORTED PHYSICAL 
ACTIVITY IN ADULTS

30	 WHO Global Health Observatory. 
Prevalence of insufficient physical 
activity. 2012. http://www.who.
int/gho/ncd/risk_factors/physical_
activity_text/en/index.html

31	U sed in Start Active, Stay Active and 
adapted fromUS Department of 
Health and Human Services (2008) 
Physical activity Guidelines Advisory 
Committee Report Washington 
DC. US Department of Health and 
Human Services

32	 Warburton D, Charlesworth S, 
Ivey A, Nettlefold L, Bredin S. A 
systematic review of the evidence 
for Canada’s Physical Activity 
Guidelines for Adults. International-
Journal-of-Behavioral-Nutrition-and-
Physical-Activity 2010; 7(39).

33	B yberg L; Melhus H; Gedeborg 
R; Sundström J, Ahlbom A, 
Zethelius B, Berglund LG, Wolk A, 
Michaëlsson K. Total Mortality After 
Changes in Leisure Time Physical 
Activity in 50 Year Old Men: 35 
Year Follow-up of Population 
Based Cohort: Br J Sports Med 
2009;43:482

34	 Hankinson AL, Daviglus ML, 
Bouchard C, Carnethon M, Lewis 
CE, Schreiner PJ et al. Maintaining 
a high physical activity level over 20 
years and weight gain. JAMA 2010; 
304: 3603–3610.

35	S orensen TI, Rissanen A, Korkeila 
M, Kaprio J. Intention to lose 
weight, weight changes, and 18-y 
mortality in overweight individuals 
without co-morbidities. PLoS Med. 
2005;2:e171.

36	M ifflin et al. A new predictive 
equation for resting energy 
expenditure in healthy individuals: 
AmJClin Nutr 1990;5 1:24 1-7.

37	 Church TS, La Monte MJ, Barlow 
CE, Blair SN. Cardiorespiratory 
Fitness and Body Mass Index as 
Predictors of Cardiovascular Disease 
Mortality Among Men With 
Diabetes. Arch Intern Med 2005; 
165:2114-2120.

38	S tatistics on Obesity, Physical 
Activity and Diet: England, 2011: 
NHS Information centre for health 
and social care.

39	D uck-chul Lee, Xuemei Sui, 
Enrique G. Artero, PhD; I-Min 
Lee, Timothy S. Church, Paul 
A. McAuley, PhD; Fatima C. 
Stanford, MD, MPH; Harold W. 
Kohl III, PhD, MSPH; Steven N. 
Blair, PEDLong-Term Effects of 
Changes in Cardiorespiratory 
Fitness and Body Mass Index on 
All-Cause and Cardiovascular 
Disease Mortality in Men The 
Aerobics Center Longitudinal Study. 
Circulation.2011; 124: 2483-2490.

40	D uck-chul Lee, Xuemei Sui, Timothy 
S. Church, Carl J. Lavie, Andrew S. 
Jackson, Steven N. Blair: Changes 
in Fitness and Fatness on the 
Development of Cardiovascular 
Disease Risk Factors: Hypertension, 
Metabolic Syndrome, and 
Hypercholesterolemia Journal of 
the American College of Cardiology 
- 14 February 2012 (Vol. 59, Issue 
7, Pages 665-672, DOI: 10.1016/j.
jacc.2011.11.013)

41	 Weiler R, Feldschreiber P, Stamatakis 
E. Medico legal neglect? The case 
for physical activity promotion and 
Exercise Medicine Br J Sports Med 
online June 2011

42	 Whang W et al. (2006) Physical 
Exertion, exercise and sudden 
cardiac death in women. JAMA 
295: 1399-1403

43	S iscovick DS et al. The incidence 
of death during jogging in Rhode 
island from 1975-1980. JAMA 
1982;;247;2535-2538.

44	M ilton K, Clemes S, Bull F, Can a 
single question provide an accurate 
measure of physical activity? Br J 
Sports Med online 20 April 2012.

45	A  brief summary of Motivational 
Interviewing. www.
motivationalinterview.org/
Documents/1%20A%20MI%20
Definition%20Principles%20&%20
Approach%20V4%20012911.pdf

46	 NICE public health guidance 16 
Occupational therapy interventions 
and physical activity interventions 
to promote the mental wellbeing 
of older people in primary care and 
residential care. October 2008.

47	P avey TG, N Anokye, AH Taylor, P 
Trueman, T Moxham, KR Fox, M 
Hillsdon, C Green,JL Campbell, C 
Foster, N Mutrie, J Searle and RS 
Taylor The clinical effectiveness and 
cost effectiveness of exercise referral 
schemes: a systematic review 
andeconomic evaluation.

references

48	D imeo FC, Tilmann MH, Bertz H, 
Kanz L, Mertelsmann R, Keul J. 
Aerobic exercise in the rehabilitation 
of cancer patients after high dose 
chemotherapy and autologous 
peripheral stem cell transplantation. 
Cancer. 1997;79:1717–22.

49	S chmitz KH, Ahmed RL, Hannan 
PJ, Yee D. Safety and efficacy of 
weight training in recent breast 
cancer survivors to alter body 
composition, insulin, and insulin-
like growth factor axis proteins. 
Cancer Epidemiol Biomarkers 
Prev. 2005;14:1672–80.of 
weight training in recent breast 
cancer survivors to alter body 
composition, insulin, and insulin-
like growth factor axis proteins. 
Cancer Epidemiol Biomarkers Prev. 
2005;14:1672–80.

50	A hmed RL, Thomas W, Yee 
D, Schmitz KH. Randomized 
controlled trial of weight training 
and lymphedema in breast 
cancer survivors. J Clin Oncol. 
2006;24:2765–72.

51	S tone P, Richardson A, Ream E, 
Smith AG, Kerr DJ, Kearney N. 
Cancer-related fatigue: inevitable, 
unimportant and untreatable? 
Results of a multi-centre patient 
survey. Ann Oncol. 2000. 11:971-
975

52	T he importance of physical activity 
for people living with and beyond 
cancer: A concise evidence review. 
Macmillan Cancer 2011.

53	S peck RM, Courneya KS, Mässe LC, 
Duval S, Schmitz KH. An update of 
controlled physical activity trials in 
cancer survivors: a systematic review 
and meta-analysis. J Cancer Surviv. 
2010. 4:87-100.

54	T hune I, Brenn T, Lund E, Gaard 
M. Physical activity and risk of 
breast cancer. N Engl J Med 
1997;336:1269-75.19. cancer 269.

55	M oradi T, Nyrén O, Zack M, 
Magnusson C, Persson I, Adami 
HO. Breast cancer risk and lifetime 
leisure-time and occupational 
physical activity (Sweden). Cancer 
Causes Control 2000;11:523-31.

56	B ernstein L, Patel AV, Ursin G, 
Sullivan-Halley J, Press MF, Deapen 
D, et al. Lifetime recreational 
exercise activity and breast cancer 
risk among black women and 
white women. J Natl Cancer Inst 
2005;97:1671-9.

57	 World Cancer Research Fund, 
American Institute for Cancer 
Research. Food, nutrition, physical 
activity, and the prevention of 
cancer. A global perspective. 
Washington (DC): American 
Institute for Cancer Research (AICR); 
2007.

58	G erhardsson de Verdier M, Steineck 
G, Hagman U, Rieger Å, Norell SE. 
Physical activity and colon cancer. 
A case-referent study in Stockholm. 
Int J Cancer 1990: 46:54;2390-7.

59	S lattery ML, Edwards SL, Ma KN, 
Friedman GD, Potter JD. Physical 
activity and colon cancer. A public 
health perspective. Ann Epidemiol 
1997;7:137-45.

60	 Nilsen TI, Romundstad PR, 
Petersen H, Gunnell D, Vatten LJ. 
Recreational physical activity and 
cancer risk in subsites of the colon. 
Nord-Trøndelag Health Study. 
Cancer Epidemiol Biomarkers Prev 
2008;17:183-8.

61	F urberg AS, Thune I. Metabolic 
abnormalities (hypertension, 
hyperglycemia and overweight), 
lifestyle (high energy intake and 
physical inactivity) and endometrial 
cancer risk in a Norwegian cohort. 
Int J Cancer 2003;104:669-76

62	I nternational Agency Research 
Against Cancer. Weight control, 
physical activity and cancer. 
Chemoprevention. International 
Agency Research Against Cancer 
(IARC), IARC Press; 2002.

63	F riedenreich CM, Thune I. A review 
of physical activity and prostate 
cancer. Cancer Causes Control 
2001;12:461-75

64	I rwin M, Mctiernan A, Bernstein 
L, Gilliland F, Baumgartner R, 
Baumgartner K, Ballard-Barbash R. 
Physical activity levels among

65	B lanchard CM, Denniston MM, 
Baker F, et al. Do adults change 
their lifestyle behaviors after a 
cancer diagnosis? Am J Health 
Behav. 2003. 27(3):246–56.

66	I brahim, E., & Al-Homaidh, A. 
(2010). Physical activity and survival 
after breast cancer diagnosis: 
meta-analysis of published studies. 
Medical Oncology. doi:10.1007/
s12032-010-9536-x.

67	P atterson RE, Cadmus LA, Emond 
JA, Pierce JP. Physical activity, 
diet, adiposity and female breast 
cancer prognosis: a review of the 
epidemiologic literature. Maturitas. 
2010. 66: 5–15.

68	 Hayes, S., Spence, R., Galvao, D., 
& Newton, R. (2009). Australian 
Association for Exercise and Sport 
Science position stand: optimising 
cancer outcomes through exercise. 
Journal of Science and Medicine in 
Sport, 12, 428–434.

69	 Holmes, MD et al. Physical activity 
and survival after breast cancer 
diagnosis. JAMA. 25 May 2005. 
293(20):2479-86.

70	 Holick CN, Newcomb PA, Trentham-
Dietz A et al. Physical activity and 
survival after diagnosis of invasive 
breast cancer. Cancer Epidemiol 
Biomarkers Prev. 2008. 17:379-386.

71	I rwin ML, Smith AW, McTiernan 
A, Ballard-Barbash R, Cronin K, 
Gilliland FD, Baumgartner RN, 
Baumgartner KB, Bernstein L (2008) 
Influence of pre- and postdiagnosis 
physical activity on mortality in 
breast cancer survivors: the health, 
eating, activity, and lifestyle study. J 
Clin Oncol 26:3958– 3964



my best move54 a guide for gps 55

72	M eyerhardt JA, Giovannucci EL, 
Holmes MD, Chan AT, Chan JA, 
Colditz GA, Fuchs CS. Physical 
activity and survival after colorectal 
cancer diagnosis. J Clin Oncol. 
2006. 24: 3527-3534.

73	M eyerhardt, JA, Heseltine D, 
Niedzwiecki D, Hollis D, Saltz LB, 
Mayer RJ, Thomas J, Nelson H, 
Whittom R, Hantel A, Schilsky RL, 
Fuchs CS. Impact of physical activity 
on cancer recurrence and survival in 
patients with stage III colon cancer: 
findings from CALGB 89803. 
Journal of Clinical Oncology 24. 
2006. 3535-3541.

74	 Haydon AM, Macinnis RJ, English 
DR, Giles GG (2006) The effect 
of physical activity and body size 
on survival after diagnosis with 
colorectal cancer. Gut 55: 62– 67

75	 Kenfield SA (2010) Physical activity 
and mortality in prostate cancer (In 
regular vigorous physical activity 
found to have survival benefits for 
prostate cancer patients AACR 
frontier in cancer prevention 
research conference by Tuma R). 
Oncol Times 32: 29–33

76	R ichman EL, Kenfield SA, Stampfer 
MJ et al. Physical Activity after 
Diagnosis and Risk of Prostate 
Cancer Progression: Data from the 
Cancer of the Prostate Strategic 
Urologic Research Endeavour. 
Cancer Res. 24 May 2011.

77	 NICE Guidance CG59 Feb 2008

78	R oddy E, Zhang W, Doherty M. 
Aerobic walking or strengthening 
exercise for osteoarthritis of the 
knee? A systematic review. Ann 
Rheum Dis. 2005;64:544-548.

79	 H. Lund, U. Weile, R. Christensen 
et al., “A randomized controlled 
trial of aquatic and land-based 
exercise in patients with knee 
osteoarthritis,” Journal of 
Rehabilitation Medicine, vol. 40, no. 
2, pp. 137–144, 2008.

80	 L. Cadmus, M. B. Patrick, M. L. 
MacIejewski, T. Topolski, B. Belza, 
and D. L. Patrick, “Community-
based aquatic exercise and 
quality of life in persons with 
osteoarthritis,” Medicine and 
Science in Sports and Exercise, vol. 
42, no. 1, pp. 8–15, 2010.

81	R ogers LQ, Madera CA, Hoot 
man JM, Ainsworth BE, Blair SN. 
The association between joint 
stress from physical activity and 
self-reported osteoarthritis: an 
analysis of the Cooper Clinic data. 
Osteoarthritis and Cartilage 2002; 
10: 617-622

82	S axon, Leanne, Caroline Finch and 
Shona Bass. Sports Injuries and 
Osteoarthritis: Implications for 
Prevention. Sports Med 1999 Aug; 
28 (2): 123-135.

83	 L.Brosseau,L.MacLeay, V. 
Robinson,G.Wells, andP.Tugwell, 
“Intensity of exercise for the 
treatment of osteoarthritis,” 
Cochrane Database of Systematic 
Reviews, no. 2, Article ID 
CD004259, 2003.

84	F ransen M and McConnell S, 
“Exercise for osteoarthritis of the 
knee,” Cochrane Database of 
Systematic Reviews, no. 4, Article ID 
CD004376, 2008.

85	F ransen M, McConnell S, and Bell 
M, “Exercise for osteoarthritis of the 
hip or knee,” Cochrane Database of 
Systematic Reviews, no. 3, Article ID 
CD004286, 2003.

86	F ransen M, McConnell S, and Bell 
M, “Therapeutic exercise for people 
with osteoarthritis of the hip or 
knee. A systematic review,” Journal 
of Rheumatology, vol. 29, no. 8, pp. 
1737–1745, 2002.

87	D unlop DD, Jing Song Pamela A. 
Semanik1, Rowland W. Chang1, 
Leena Sharma1, Joan M. Bathon, 
Charles B. Eaton, Marc C. 
Hochberg, Rebecca D. Jackson, 
C. Kent Kwoh, W. Jerry Mysiw, 
Michael C. Nevitt, Jennifer M. 
Hootman: Arthritis & Rheumatism 
Volume 63, Issue 11, pages 3372–
3382, November 2011

88	P endleton A, Arden N, 
Dougados M, Doherty M, 
Bannwarth B, Bijlsma JW, et 
al. EULAR recommendations 
for the management of knee 
osteoarthritis. Report of a task 
force of the Standing Committee 
for International Clinical Studies 
Including Therapeutic Trials 
(ESCISIT). Ann Rheum Dis 
2000;59:936-44.

89	 Hendry M, Williams NH, Markland 
D, Wilkinson C, Maddison P. Why 
should we exercise when our knees 
hurt? A qualitative study of primary 
care patients with osteoarthritis of 
the knee. Fam Pract 2006;23:558-
67.

90	T horstenson CA, Roos EM, 
Petersson IF, Arvidsson B. How 
do patients conceive exercise as 
treatment of knee osteoarthritis? 
Disabil Rehabil 2006;28:51-9.

91	O steoarthritis: a modern approach 
to diagnosis and management. 
2011 Arthritis Research UK. http://
www.arthritisresearchuk.org/~/
media/Files/Education/Hands-On/
HO10-Autumn-2011-Exercise-sheet.
ashx 

92	D epartment of Health Statistical 
Bulletin: The Prevalence of Back 
pain in Great Britain in 1998. http://
www.dh.gov.uk/prod_consum_dh/
groups/dh_digitalassets/@dh/@
en/documents/digitalasset/
dh_4054015.pdf

93	M aniadakis N & Gray A. The 
economic burden of back pain in 
the UK. Pain 2000;84:95-103

references

94	 Callaghan JP, Patla AE and McGill 
SM. Low back three-dimensional 
joint forces, kinematics, and kinetics 
during walking. Clin Biomech 
(Bristol Avon). 1999; 14(3): 203-216

95	M ayer JM, Ralph L, Look M, Erasala 
GN, Verna JL, Matheson LN and 
Mooney V. Treating acute low back 
pain with continuous low level heat 
wrap therapy and/or exercise: a 
randomized controlled trial. Spine J. 
2005; 5(4): 395-403

96	A xler CT and McGill SM. Low back 
loads over a variety of abdominal 
exercises: searching for the safest 
abdominal challenge. Med Sci 
Sports Exerc. 1997; 29(6): 804-811

97	S nook SH, Webster BS, Mcgorry 
RW, Fogleman MT and Mccann KB. 
The reduction of chronic nonspecific 
low back pain through the control 
of early morning lumbar flexion. A 
randomized controlled trial. Spine. 
1998; 23(23): 2601-2607

98	M cGill S and Brown S. Creep 
response of the lumbar spine 
to prolonged full flexion. Clin 
Biomech. (Bristol, Avon) 1992; 7(1): 
43-46

99	R ainville J, Hartigan C, Martinez 
E, et al. Exercise as a treatment 
for chronic low back pain. Spine J 
2004;4:106e15.

100	 van Poppel MN, Koes BW, Smid 
T, et al. A systematic review 
of controlled clinical trials on 
the prevention of back pain in 
industry. Occup Environ Med 
1997;54:841e7.

101	E lfering A, Semmer N, Birkhofer 
D, Zanetti M, Hodler J, Boos 
N. Risk factors for lumbar disc 
degeneration. A 5-year prospective 
MRI study in asymptomatic 
individuals. Spine 2002;27:125-34.

102	 COSTB13. European guidelines 
for the management of low back 
pain. Eur Spine J 2006;15(Suppl 
2):S125e7

103	V uori IM. Dose-response of 
physical activity and low back pain, 
osteoarthritis, and osteoporosis. 
Med Sci Sports Exerc 2001;33(6 
Suppl): S551e86 [discussion 
609e10].

104	M aher C, Latimer J, Refshauge 
K. Prescription of activity for low 
back pain: What works? Aust J 
Physiother 1999;45:121e32.

105	A benhaim L, Rossignol M, Valat 
JP, et al. The role of activity in the 
therapeutic management of back 
pain. Report of the International 
Paris Task Force on Back Pain. Spine 
2000;25(4 Suppl). 1S-33S.

106	B rox JI, Hagen KB, Juel NG, et al. [Is 
exercise therapy and manipulation 
effective in low back pain?]. Tidsskr 
Nor Laegeforen 1999;119:2042e50.

107	 Koes BW, van Tulder MW, Thomas 
S. Diagnosis and treatment of low 
back pain. BMJ 2006;332:1430e4.

108	 van Tulder MW, Koes BW, Bouter 
LM. Conservative treatment of 
acute and chronic nonspecific low 
back pain. A systematic review of 
randomized controlled trials of the 
most common interventions. Spine 
1997;22:2128e56. 

109	 Hayden J, van 
TulderMW,Malmivaara A, 
Koes BW. Exercise therapy for 
treatment of non-specific low 
back pain. Cochrane Database of 
Systematic Reviews 2005, Issue 
3. Art. No.: CD000335. DOI: 
10.1002/14651858.CD000335.
pub2.

110	D ahm KT, Brurberg KG, Jamtvedt 
G, Hagen KB. Advice to rest in 
bed versus advice to stay active 
for acute low-back pain and 
sciatica. Cochrane Database of 
Systematic Reviews 2010, Issue 
6. Art. No.: CD007612. DOI: 
10.1002/14651858.CD007612.
pub2.

111	B elavy DL, et al Muscle Atrophy and 
Changes in Spinal Morphology: Is 
the Lumbar Spine Vulnerable after 
Prolonged Bed-Rest? Spine 2011; 
36(2): 137-145.

112	 Henchoz Y, Kai-Lik So Exercise 
and nonspecific low back pain: A 
literature Review. Joint Bone Spine 
75 (2008) 533-539. 

113	 J. Bart Staal; Hynek Hlobil; Jos W.R. 
Twisk; Tjabe Smid; Albe` re J.A. 
Ko¨ ke, and Willem van Mechelen, 
Graded Activity for Low Back Pain 
in Occupational Health Care: A 
Randomized, Controlled Trial Ann 
Intern Med. 2004;140:77-8.

114	R ainville J, Hartigan C, Martinez 
E, et al. Exercise as a treatment 
for chronic low back pain. Spine J 
2004;4:106e15.

115	 Liddle SD, Baxter GD, Gracey 
JH. Exercise and chronic low 
back pain: what works? Pain 
2004;107:176e90.

116	 Hayden J, van 
TulderMW,Malmivaara A, 
Koes BW. Exercise therapy for 
treatment of non-specific low 
back pain. Cochrane Database of 
Systematic Reviews 2005, Issue 
3. Art. No.: CD000335. DOI: 
0.1002/14651858.CD000335.
pub2.

117	 Hurwitz EL, Morgenstern H, Chiao 
C. Effects of recreational physical 
activity and back exercises on 
low back pain and psychological 
distress: findings from the UCLA 
Low Back Pain Study. Am J Public 
Health 2005;95:1817e24.

118	R ose MJ, Reilly JP, Pennie B, et al. 
Chronic low back pain rehabilitation 
programs: a study of the optimum 
duration of treatment and a 
comparison of group and individual 
therapy. Spine 1997;22:2246e51 
[discussion2252e3].



my best move56 a guide for gps 57

119	F ranke A, Gebauer S, Franke K, 
et al. [Acupuncture massage vs 
Swedish massage and individual 
exercise vs group exercise in 
low back pain sufferers e a 
randomized controlled clinical 
trial in a 2X2 factorial design]. 
Forsch Komplementarmed Klass 
Naturheilkd 2000;7:286e93.

120	M annion AF, Muntener M, Taimela 
S, et al. Comparison of three 
active therapies for chronic low 
back pain: results of a randomized 
clinical trial with one-year follow-
up. Rheumatology (Oxford) 
2001;40:772e8.

121	M anniche C, Lundberg E, 
Christensen I, et al. Intensive 
dynamic back exercises for chronic 
low back pain: a clinical trial. Pain 
1991;47:53e63.

122	 Ljunggren AE, Weber H, Kogstad 
O, et al. Effect of exercise on sick 
leave due to low back pain. A 
randomized, comparative, long-
term study. Spine 1997;22:1610e6 

123	T orstensen TA, Ljunggren AE, 
Meen HD, et al. Efficiency and 
costs of medical exercise therapy, 
conventional physiotherapy, and 
self-exercise in patients with chronic 
low back pain. A pragmatic, 
randomized, singleblinded, 
controlled trial with 1-year follow-
up. Spine 1998;23:2616e24

124	 Hansson T, Chapter 18, Back 
problems (Chronic) Swedish Manual 
of physical activity. 2011

125	 Chillibeck PD, Vatanparast H, 
Cornish SM, Abeysekara S and 
Charlesworth S. Evidence-based risk 
assessment and recommendations 
for physical activity: arthritis, 
osteoporosis and low back pain. 
Appl Physiol Nutr Metab. 2011; 36: 
S49-S79

126	 Kristin Thuve Dahm1, Kjetil G 
Brurberg1, Gro Jamtvedt, Kåre 
Birger Hagen Editorial Group: 
Cochrane Back Group: Advice to 
rest in bed versus advice to stay 
active for acute low-back pain and 
sciatica. Cochrane Library June 
2010.

127	 NICE guideline CG 62. Antenatal 
care: Routine care for the healthy 
pregnant woman,2008.

128	O stelo RWJG, Costa LOP, Maher 
CG, de Vet HCW, van Tulder MW. 
Rehabilitation after lumbar disc 
surgery. Cochrane Database of 
Systematic Reviews 2008, Issue 
4. Art. No.: CD003007. DOI: 
10.1002/14651858.CD003007.
pub2.

129	 NICE Guidelines CG88 Low 
back pain: Early management of 
persistent non-specific low back 
pain:May 2009. http://publications.
nice.org.uk/low-back-pain-cg88/
guidance#physical-activity-and-
exercise

130	S econdary prevention through 
cardiac rehabilitation: physical 
activity counselling and exercise 
training. Eur Heart J (2010) 31 (16): 
1967-1974

131	R esistance Exercise in Individuals 
with and without CVD: Benefits, 
Rationale, safety and Prescription. 
An advisory from the committee 
on exercise, rehabilitation and 
prevention, council on clinical 
cardiology, American Heart 
Association. Pollock ML, Frankilin 
BA, Balady GJ et al. Ciculation 2000 
101:828-833.

132	M etkus TS, Baughman KL, 
Thompson PD, Exercise Prescription 
and Primary Prevention of 
Cardiovascular Disease. Circulation 
2010, 121:2601-2604.

133	B ohlen JG, Held JP, Sanderson 
MO, Patterson RP. Heart rate, 
rate-pressure product, and 
oxygen uptake during four sexual 
activities. Arch Intern Med 1984; 
144(9):1745-1748.

134	M uller JE, Mittleman A, Maclure 
M, Sherwood JB, Tofler GH. 
Triggering myocardial infarction 
by sexual activity. Low absolute 
risk and prevention by regular 
physical exertion. Determinants 
of Myocardial Infarction Onset 
Study Investigators. JAMA 1996; 
275(18):1405-1409.

135	A CSM Guidelines for Exercise 
Testing and Prescription, 2008 Page 
34.

136	B lair SN, Kampert JB, Kohl HW 
3rd, Barlow CE, Macera CA, 
Paffenbarger RS Jr, Gibbons LW. 
influences of cardiorespiratory 
fitness and other precursors on 
cardiovascular disease and all-cause 
mortality in men and women. 
JAMA. 1996;276:205–210.

137	M anson JE, Greenland P, LaCroix 
AZ, Stefanick ML, Mouton CP, 
Oberman A, Perri MG, Sheps DS, 
Pettinger MB, Siscovick DS. Walking 
compared with vigorous exercise 
for the prevention of cardiovascular 
events in women. N Engl J Med. 
2002;347:716 –725.

138	B erlin JA, Colditz A. A meta-analysis 
of physical activity in the prevention 
of coronary heart disease. American 
Journal of Epidemiology 1990; 132: 
612-627.

139	Y usuf S, Hawken S, Ounpuu S, Dans 
T, Avezum A, Lanas F, McQueen M, 
Budaj A, Pais P, Varigos J, Lisheng 
L; INTERHEART Study Investigators. 
Effect of potentially modifiable risk 
factors associated with myocardial 
infarction in 52 countries (the 
INTERHEART study): case-control 
study. Lancet. 2004;364:937–952.

140	 Lee IM, Sesso HD, Paffenbarger RS 
Jr. Physical activity and coronary 
heart disease risk in men. Does the 
duration of exercise episodes predict 
risk? Circulation 2000102:981-6.

141	S attelmair J, Pertman J, Ding E, 
Kohl H, Haskell W, Lee I-Min, Dose 
response between physical activity 
and risk of Corony Heart Disease: A 
Meta Analysis. Circulatuion 2011, 
124: 789-795.

references

142	M anson JE, Hu FB, Rich-Edwards 
JW, Colditz GA, Stampfer MJ, 
Willett WC, et al. A prospective 
study of walking as compared 
with vigorous exercise in the 
prevention of coronary heart 
disease in women. N Engl J Med 
1999;341:650-8.

143	 Lee IM, Rexrode KM, Cook NR, 
Manson JE, Buring JE. Physical 
activity and coronary heart disease 
in women: is “no pain, no gain” 
passe´? JAMA. 2001;285:1447–
1454.

144	T albot LA, Morrell CA, Metter 
J, and Fleg J; Comparison of 
Cardiorespiratory Fitness Versus 
Leisure Time Physical Activity as 
Predictors of Coronary Events in 
Men Aged <65ys and >65ys. Am J 
Cardiol 2002;89:1187–1192

145	 Lee D-C, Sui X, Artero EG, 
Lee I-M; Church TS, McAuley, 
Stanford FC, Kohl III, HW, Blair 
SN, Long-Term Effects of Changes 
in Cardiorespiratory Fitness and 
Body Mass Index on All-Cause and 
Cardiovascular Disease Mortality in 
Men. Circulation 2011; 124: 2483-
2490. 

146	B yberg L, Melhus H, Gedeborg R 
et al Total Mortality after changes 
in leisure time physical activity in 
50 yr old men: 35yr follow-up of 
population based cohort. Br J Sports 
Med 2009 43:482.

147	G regg EW, Cauley JA, Stone K, 
Thompson TJ, Bauer DC, Cummings 
SR, Ensrud KE. Relationship of 
changes in physical activity and 
mortality among older women. 
JAMA. 2003; 289:2379-2386.

148	S nowling NJ, Hopkins WG. Effects 
of different modes of exercise 
training on glucose control and risk 
factors for complications in Type2 
diabetic patients: a meta-analysis. 
Diabetes Care. 2006;29: 2518 
–2527.

149	 Kodama S, Tanaka S, Saito K, 
Shu M, Sone Y, Onitake F, Suzuki 
E, Shimano H, Yamamoto S, 
Kondo K, Ohashi Y, Yamada N, 
Sone H. Effect of aerobic exercise 
training on serum levels of high-
density lipoprotein cholesterol: a 
meta-analysis. Arch Intern Med. 
2007;167:999 –1008.

150	F agard RH. Exercise characteristics 
and the blood pressure response to 
dynamic physical training. Med Sci 
Sports Exerc. 2001;33: S484–S492

151	 Wadden TA, Berkowitz RI, Womble 
LG, Sarwer DB, Phelan S, Cato 
RK, Hesson LA, Osei SY, Kaplan 
R, Stunkard AJ. Randomized 
trial of lifestyle modification and 
pharmacotherapy for obesity. N 
Engl J Med. 2005;353:2111–2120.

152	D urstine L, Moore G,ACSM’s 
Exercise Management for 
Persons with Chronic Disease and 
disabilitities. Human Kinetics 2003 
(Ch 6)

153	 www.who.int/en/ 

154	T aylor RS, Dalal H, Jolly K et al. 
(2010) Home-based versus centre-
based cardiac rehabilitation. 
Cochrane Database of Systematic 
Reviews Issue 1: CD007130

155	D epartment of Health; Cardiac 
Rehabilitation Commissioning pack 
(intro) May 2010

156	D epartment of Health; Cardiac 
Rehabilitation Commissioning Pack 
(Guidance) May 2010

157	E vidence-based risk assessment 
and recommendations for physical 
activity clearance: established 
cardiovascular disease. S198 Appl. 
Physiol. Nutr. Metab. Vol. 36, 2011

158	 Kavanagh, T., Mertens, D.J., 
Hamm, L.F., Beyene, J., Kennedy, 
J., Corey, P., and Shephard, R.J. 
2003. Peak oxygen intake and 
cardiac mortality in women referred 
for cardiac rehabilitation. J. Am. 
Coll. Cardiol. 42(12): 2139–2143. 
doi:10.1016/j.jacc.2003. 07.028. 
PMID:14680741.

159	 Kavanagh, T., Mertens, D.J., 
Hamm, L.F., Beyene, J., Kennedy, J., 
Corey, P., and Shephard, R.J.2002. 
Prediction of long-term prognosis 
in 12 169 men referred for 
cardiac rehabilitation. Circulation, 
106(6): 666–671.15949.ED. 
PMID:12163425.

160	T hompson PD, Franklin BA, Balady 
GJ, Blair SN, Corrado D, Estes NA 
III, Fulton JE, Gordon NF, Haskell 
WL, Link MS, Maron BJ, Mittleman 
MA, Pelliccia A, Wenger NK, Willich 
SN, Costa F; American Heart 
Association Council on Nutrition, 
Physical Activity, and Metabolism; 
American Heart Association Council 
on Clinical Cardiology; American 
College of Sports Medicine. Exercise 
and acute cardiovascular events: 
placing the risks into perspective: 
a scientific statement from the 
American Heart Association Council 
on Nutrition, Physical Activity, and 
Metabolism and the Council on 
Clinical Cardiology. Circulation. 
2007;115:2358–2368.

161	P uhan MA, Gimeno-Santos 
E, Scharplatz M, Troosters 
T, Walters EH, Steurer 
J.Pulmonary rehabilitation 
following exacerbations of 
chronic obstructive pulmonary 
disease. Cochrane Database of 
Systematic Reviews 2011, Issue 
10. Art. No.: CD005305. DOI: 
10.1002/14651858.CD005305.
pub3].

162	 Neil D. Eves, Warren J. Davidson. 
Evidence-based risk assessment 
and recommendations for physical 
activity clearance: Respiratory 
disease. Apply.Physiol. Nutr Metab. 
36: S80-S100 (2011)

163	M cGlone S, Venn A, Walters EH, 
Wood-Baker R. Physical activity, 
spirometry and quality-of-life in 
chronic obstructive pulmonary 
disease. COPD 3(2), 83–88 (2006).



my best move58 a guide for gps 59

164	S chonhofer B, Ardes P, Geibel M, 
Kohler D, Jones PW. Evaluation of 
a movement detector to measure 
daily activity in patients with chronic 
lung disease. Eur. Respir. J. 10(12), 
2814–2819 (1997).

165	S teele BG, Holt L, Belza B, Ferris 
S, Lakshminaryan S, Buchner DM. 
Quantitating physical activity in 
COPD using a triaxial accelerometer. 
Chest 117(5), 1359–1367 (2000).

166	S ingh S, Morgan MD. Activity 
monitors can detect brisk walking 
in patients with chronic obstructive 
pulmonary disease. J. Cardiopulm. 
Rehabil. 21(3), 143–148 (2001).

167	T roosters T, Sciurba F, Battaglia S et 
al. Physical inactivity in patients with 
COPD, a controlled multi-center 
pilot-study. Respir. Med. 104(7), 
1005–1011 (2010).

168	P itta F, Troosters T, Spruit MA, Probst 
VS, Decramer M, Gosselink R. 
Characteristics of physical activities 
in daily life in chronic obstructive 
pulmonary disease. Am. J. Respir. 
Crit. Care Med. 171(9), 972–977 
(2005).

169	 Walker PP, Burnett A, Flavahan PW, 
Calverley PM. Lower limb activity 
and its determinants in COPD. 
Thorax 63(8), 683–689 (2008).

170	G arcia-Rio F, Lores V, Mediano O et 
al. Daily physical activity in patients 
with chronic obstructive pulmonary 
disease is mainly associated with 
dynamic hyperinflation. Am. J. 
Respir. Crit. Care Med. 180(6), 
506–512 (2009).

171	S erres I, Gautier V, Varray A, 
Prefaut C. Impaired skeletal muscle 
endurance related to physical 
inactivity and altered lung function 
in COPD patients. Chest 113(4), 
900–905 (1998).

172	G arcia-Aymerich J, Lange P, Benet 
M, Schnohr P, Anto JM. Regular 
physical activity modifies smoking-
related lung function decline and 
reduces risk of chronic obstructive 
pulmonary disease: a population-
based cohort study. Am. J. Respir. 
Crit. Care Med. 175(5), 458–463 
(2007).

173	P itta F, Troosters T, Probst VS, 
Lucas S, Decramer M, Gosselink R. 
Potential consequences for stable 
chronic obstructive pulmonary 
disease patients who do not get 
the recommended minimum daily 
amount of physical activity. J. Bras. 
Pneumol. 32(4), 301–308 (2006).

174	 Watz H, Waschki B, Meyer T & 
Magnussen H. Physical activity in 
patients with COPD. Eur Resp J 
2009; 33: 262-272

175	G arcia-Aymerich J, Felez MA, 
Escarrabill J et al. Physical activity 
and its determinants in severe 
chronic obstructive pulmonary 
disease. Med. Sci. Sports Exerc. 
36(10), 1667–1673 (2004).

176	G arcia-Aymerich J, Lange P, Benet 
M, Schnohr P, Anto JM. Regular 
physical activity reduces hospital 
admission and mortality in chronic 
obstructive pulmonary disease: a 
population based cohort study. 
Thorax 61(9), 772–778 (2006).

177	P itta F, Troosters T, Probst VS, Spruit 
MA, Decramer M, Gosselink R. 
Physical activity and hospitalization 
for exacerbation of COPD. Chest 
129(3), 536–544 (2006).

178	B enzo R, Chang CC, Farrell MH et 
al. Physical activity, health status and 
risk of hospitalization in patients 
with severe chronic obstructive 
pulmonary disease. Respiration 
80(1), 10–18 (2010).

179	E steban C, Quintana JM, Aburto M 
et al. Impact of changes in physical 
activity on health-related quality of 
life among patients with chronic 
obstructive pulmonary disease. Eur. 
Respir. J. 36(2), 292–300 (2010).

180	D allas MI, McCusker C, Haggerty 
MC, Rochester CL, Zuwallack R; 
Northeast Pulmonary Rehabilitation 
Consortium. Using pedometers 
to monitor walking activity in 
outcome assessment for pulmonary 
rehabilitation. Chron. Respir. Dis. 
6(4), 217–224 (2009).

181	M apel DW, Hurley JS, Frost FJ, 
Petersen HV, Picchi MA, Coultas DB. 
Health care utilization in chronic 
obstructive pulmonary disease. 
A case–control study in a health 
maintenance organization. Arch. 
Intern. Med. 160(17), 2653–2658 
(2000).

182	E steban C, Quintana JM, Aburto M 
et al. Impact of changes in physical 
activity on health-related quality of 
life among patients with chronic 
obstructive pulmonary disease. Eur. 
Respir. J. 36(2), 292–300 (2010).

183	 Watz H, Waschki B, Boehme C, 
Claussen M, Meyer T, Magnussen 
H. Extrapulmonary effects of chronic 
obstructive pulmonary disease on 
physical activity: a cross-sectional 
study. Am. J. Respir. Crit. Care Med. 
177(7), 743–751 (2008).

184	M oy ML, Matthess K, Stolzmann 
K, Reilly J, Garshick E. Free-
living physical activity in COPD: 
assessment with accelerometer and 
activity checklist. J. Rehabil. Res. 
Dev. 46(2), 277–286 (2009).

185	T horsten Meyer, Henrik Watz 
and Helgo Magnussen, Benjamin 
Waschki, Anne Kirsten, Olaf Holz, 
Kai-Christian Müller; Physical 
Activity Is the Strongest Predictor of 
all cause mortality in patients with 
COPD: A Prospective Cohort Study. 
Chest 2011;140;331-342.

186	M cGlone S, Venn A, Walters EH, 
Wood-Baker R. Physical activity, 
spirometry and quality-of-life in 
chronic obstructive pulmonary 
disease. COPD 3(2), 83–88 (2006).

references

187	D onaldson GC, Wilkinson TM, 
Hurst JR, Perera WR, Wedzicha 
JA. Exacerbations and time spent 
outdoors in chronic obstructive 
pulmonary disease. Am. J. Respir. 
Crit. Care Med. 171(5), 446–452 
(2005).

188	S wedish Professional Associations 
for Physical Activity. Physical activity 
in the prevention and treatment of 
disease. Emptner, M; Chapter 20. 
2011. www.fhi.se/PageFiles/10682/
Physical-Activity-Prevention-
Treatment-Disease-webb.pdf 

189	T he Diabetes Prevention Program 
(DPP): description of lifestyle 
intervention,” Diabetes Care. 2002; 
25(12): 2165–2171

190	 Kuk JL, Davachi S, Kriska AM, 
Riddell M & Gregg EW (2010) Pre-
diabetes detection and intervention 
for high risk communities. Journal 
of Physical activity and Health, 
7(suppl 3): S327-340

191	B oule NG, Haddad E, Kenny GP, et 
al. Effects of exercise on glycemic 
controland body mass in Type2 
diabetesmellitus. A meta-analysis of 
controlledclinical trials. JAMA 2001; 
286:1218–1227.

192	ADA  Standards of Medical Care in 
Diabetes 2012. Diabetes Care, 35 
Suppliment 1

193	M arwick TH, Hordern, M.D., Miller, 
T., Chyun, D.A., Bertoni, A.G. et al. 
Exercise training for Type2 diabetes 
Mellitus: Impact on cardiovascular 
risk. A scientific statement from 
the American Heart Association. 
Circulation 2009: 119:32443262

194	 Lemaster JW, Reiber GE, Smith 
DG, Heagerty PJ, Wallace C. 
Daily weightbearing activity does 
not increase the risk of diabetic 
foot ulcers. Med Sci Sports Exerc 
2003;35:1093–1099

195	D estine, J,L; Moore, G,E: ACSM 
Exercise Management for Persons 
with Chronic Diseases and 
Disabilities Human Kinetics 2003

196	S tandards of Medical Care 
in Diabetes – 2011. Position 
Statement: American Diabetes 
Association. Diabetes Care 2011; 
34: S11-S61

198	M ogensen CE. Nephropathy. In 
Handbook of Exercise in Diabetes. 
2nd ed. Ruderman N, Devlin JT, 
Kriska A, Eds. Alexandria, VA, 
American Diabetes Association, 
2002, p. 433–449

199	O stenson C-G, Birkeland K, 
Henriksson J. Diabetes Mellitus – 
type I diabetes. In Physical Activity 
in the Prevention and Treatment of 
Disease. Swedish National Institute 
of Public Health. 2010: 336-343

200	A iello LP, Wong J, Cavallerano J, 
Bursell SE, Aiello LM: Retinopathy. In 
Handbook of Exercise in Diabetes. 
2nd ed. Ruderman N, Devlin JT, 
Kriska A, Eds. Alexandria, VA, 
American Diabetes Association, 
2002, p. 401–413

201	 Hornsby WG & Albright AL. 
Diabetes. In Durstine LJ, Moore 
GE, Painter PL and Roberts SO. 
ACSM’s Exercise Management for 
Persons with Chronic Diseases and 
Disabilities. United States: Human 
Kinetics 2007: 182-189

202	 Hilsted J et al Impaired 
cardiovascular responses to graded 
exercise in diabetic autonomic 
neuropathy. Diabetes 1979; 28 313-
319.

203	S igal RJ, Kenny GP and Wasserman 
DH. Physical Activity / Exercise 
and Type2 Diabetes. A Consensus 
statement from the American 
Diabetes Association. Diabetes Care 
2006; 29(6): 1433-1438

204	 Clare L Gillies, Keith R Abrams, 
Paul C Lambert, Nicola J Cooper, 
Alex J Sutton, Ron T Hsu, Kamlesh 
Khunti, Pharmacological and 
lifestyle interventions to prevent 
or delay Type2 diabetes in people 
with impaired glucose tolerance: 
systematic review and meta-
analysis. BMJ, doi:10.1136/
bmj.39063.689375.55 (published 
19 January 2007)

205	T uomilehto J, Lindstrom J, Eriksson 
JG, Valle TT, Hamalainen H, Ilanne-
Parikka P, Keinanen-Kiukaanniemi S, 
Laakso M, Louheranta A, Rastas M, 
Salminen V, Uusitupa M: Prevention 
of Type2 diabetes mellitus by 
changes in lifestyle among subjects 
with impaired glucose tolerance. N 
Engl J Med 344:1343–1350, 2001

206	D iabetes Prevention Program 
Research Group: Reduction in the 
incidence of Type2 diabetes with 
lifestyle intervention or metformin. 
N Engl J Med 346:393–403, 2002

207	T he long-term eff ect of lifestyle 
interventions to prevent diabetes 
in the China Da Qing Diabetes 
Prevention Study: a 20-year follow-
up study Guangwei Li, Ping Zhang, 
Jinping Wang, Edward W Gregg, 
Wenying Yang, Qiuhong Gong, Hui 
Li, Hongliang Li, Yayun Jia. Lancet 
2008 371: 1783-89.

208	 Wing RR, Epstein LH, Paternostro-
Bayles M, et al. Exercise in 
a behavioral weight control 
programme for obese patients with 
Type2 diabetes. Diabetologia 1988; 
31: 902.

209	 Heath GW, Leonard BE, Wilson RH, 
et al. Community-based exercise 
intervention: Zuni diabetes project. 
Diabetes Care 1987; 10: 579–583.

210	B oule NG, Haddad E, Kenny GP, 
Wells GA, and Sigal RJ. Effects 
of exercise on glycemic control 
and body mass in Type2 diabetes 
mellitus: a meta-analysis of 
controlled clinical trials. Journal of 
the American Medical Association 
2001; 286 (10): 1218–1227



my best move60 a guide for gps 61

211	D engel DR, Pratley RE, Hagberg 
JM, Rogus EM, and Goldberg AP. 
Distinct effects of aerobic exercise 
training and weight loss on glucose 
homeostasis in obese sedentary 
men. Journal of Applied Physiology 
1996; 81 (1): 318–325

212	S igal RJ, Kenny GP, Boule NG, Well 
GA, Prud’home D, Fortier M, Reid 
RD, Tulloch H, Coyle D, Phillips P, 
Jenning A and Jaffey J. Effects of 
aerobic training, resistance training, 
or both on glycemic control in 
Type2 diabetes: a randomized trial. 
Annals of Internal Medicine 2007; 
147 (6): 357–369

213	T homas, D., Elliot, E.J. & Naughton, 
G.A. Exercise for Type2 diabetes 
mellitus. Cochrane Database of 
Systematic Reviews 2006, Issue 3 
Art. No.: CD002968

214	 Wei M, Gibbons LW, Kampert 
JB, Nichaman MZ, Blair SN. Low 
cardiorespiratory fitness and 
physical inactivity as predictors 
of mortality in men with Type2 
diabetes. Ann Intern Med. 
2000;132:605–611

215	 Church TS, Cheng YJ, Earnest CP, 
Barlow CE, Gibbons LW, Priest 
EL, Blair SN: Exercise capacity and 
body composition as predictors 
of mortality among men with 
diabetes. Diabetes Care 27:83– 88, 
2004

216	 Kjellman et al Chapter 24 
Depression. Physical Activity in 
the Prevention and Treatment of 
Disease professional associations for 
physical activity (Sweden) 2012

217	 Stephens T. Physical activity and 
mental health in the United 
States and Canada Weyerer S. 
Physical inactivity and depression 
in the community. Evidence from 
the Upper Bavarian Field Study. 
International Journal of Sports 
Medicine 1992;13:492-6.

218	 Ruuskanen JM, Ruoppila I. Physical 
activity and psychological well-being 
among people aged 65 to 84 years. 
Age Ageing 1995;24:192-6.

219	 Lampinen P, Heikkinen R-L, Ruoppila 
I. Changes of intensity of physical 
exercise as predictors of depressive 
symptoms among older adults. An 
eight-year follow-up. Preventive 
Medicine 2000;30:371-80.

220	 Hassmén P, Koivula N, Uutela A. 
Physical exercise and psychological 
well-being. A population study 
in Finland. Preventive Medicine 
2000;30:17-25.

221	 Weyerer S. Physical inactivity and 
depression in the community. 
Evidence from the Upper Bavarian 
Field Study. International Journal of 
Sports Medicine 1992;13:492-6.

222	 Paffenbarger RS Jr, Lee I-M, Leung 
R. Physical activity and personal 
characteristics associated with 
depression and suicide in American 
college men. Acta Psychiatrica 
Scand (Suppl) 1994;377:16-22.

223	 Cooper-Patrick L, Ford DE, Mead L. 
Exercise and depression in midlife. A 
prospective study. American Journal 
of Public Health 1997;87:670-3.

224	 Wiles JN, Haase MA, Gallacher J, 
Lawlor DA, Lewis G. Physical activity 
and common mental disorders. 
Results from the Caerphilly Study. 
American Journal of Epidemiology 
2007;165:946-54.

225	 Yoshiuchi K, Nakahara R, Kumano 
H, Kuboki T, Togo F, Watanabe 
E, et al. Yearlong physical activity 
and depressive symptoms in older 
Japanese adults. Cross-sectional 
data from the Nakojana study. 
American Journal of Geriatrics and 
Psychiatry 2006; 14:621-4.

226	 NICE Clinical Guidelines CG90: 
October 2009. Depression in adults: 
The treatment and management of 
depression in adults

227	 Daley, Amanda, Exercise and 
depression: A review of reviews. 
Journal of Clinical Psychology in 
Medical Settings, Vol 15(2), Jun 
2008, 140-147.

228	 Mead GE, Morley W, Campbell P, 
Greig CA, McMurdo M, Lawlor DA. 
Exercise for depression. Cochrane 
Database of Systematic Reviews 
2009, Issue 3. Art. No.: CD004366. 
DOI: 10.1002/14651858.
CD004366.pub4.

229	 Blumenthal JA, Babyak MA, Moore 
KA, Craighead WE, Herman S, 
Khathri P, et al. Effects of exercise 
training on older patients with 
major depression. Archives of 
Internal Medicine 1999;159:2349-
56.

230	 Chalder M, Wiles NJ, Campbell J 
et al. Facilitated physical activity as 
a treatment for depressed adults: 
randomised controlled trial. BMJ 
2012; 344.

231	 Chillibeck PD, Sale DG & Webber 
CE. Exercise and bone mineral 
density. Sports Med. 1995; 19(2): 
103-122

232	 Kohrt WM, Bloomfield SA et 
al. American College of Sports 
Medicine. American college of 
Sports Medicine position stand: 
physical activity and bone health. 
Med Sci Sports Exercise 2004; 
36(11): 1985-1996

233	 O’Brien M. Exercise and 
Osteoporosis. Irish J Medical Science 
2001; 170(1): 58-62

234	 Smith SS, Wang CHE & Bloomfield 
SA. Osteoporosis. In Durstine JL, 
Moore GE, Painter PL and Robers 
SO. ACSM’S Exercise Management 
for Persons with Chronic Disease 
and Disabilities. Human Kinetics, 
3rd ed. 2009: 270-279

235	 Sinaki M, Itoi E et al. Stronger back 
muscles reduce the incidence of 
vertebral fractures: a prospective 10 
years follow-up of post-menopausal 
women. Bone 2002; 30(6):836-
841.

references

236	 Papaioannou A, Adachi JD et al. 
2010 Clinical practice guidelines for 
the diagnosis and management of 
osteoporosis in Canada: summary. 
Can Med Assoc J. 2010; 182(17): 
1864-1873

237	 Chillibeck PD, Vatanparast H, 
Cornish SM, Abeysekara S, 
Charlesworth S. Evidence-based risk 
assessment and recommendations 
for physical activity: arthritis, 
osteoporosis and low back pain. 
Appl Physiol Nutr Metab 2010; 36: 
S49-S79

238	 Ribom EL & Piehl-Aulin K. 
Osteoporosis. In Physical Activity in 
the prevention and treatment of 
disease. Swedish National Institute 
of Public Health. Professional 
Associations for Physical Activity 
2010; 510-522

239	 Vainionpaa A, Korpelainen R, 
Leppaluoto J, Jamsa T. Effects of 
high-impact exercise on bone 
mineral density: A randomized 
controlled trial in premenopausal 
women. Osteoporos Int. 2005; 16: 
191-7.

240	 Heinonen A, Kannus P, Sievänen 
H, Oja P, Pasanen M, Rinne M, 
Uusi-Rasi K, Vuori I. Randomised 
controlled trial of effect of high-
impact exercise on selected risk 
factors for osteoporotic fractures. 
Lancet 1996;348:1343

241	 Malmros B, Mortensen L, Jensen 
MB, Charles P. Positive effects of 
physiotherapy on chronic pain 
and performance in osteoporosis. 
Osteoporosis Int. 1998;8:215-21.

242	 Mora S, Cook N, Buring J, Ridker 
P, Lee I-Min Physical Activity and 
Reduced Risk of Cardiovascular 
Events: Potential Mediating 
Mechanisms. Circulation 2007, 
116:2110-2118.

243	 Widlansky ME, Gokce N, Keaney JF 
Jr, Vita JA. The clinical implications 
of endothelial function. J Am Coll 
Cardiol. 2003;42(7): 1149–1160

244	 Neunteufl T, Katzenschlager R, 
Hassan A, Klaar U, Schwarzacher 
S, Glogar D, Bauer P, Weidinger F. 
Systemic endothelial dysfunction 
is related to the extent and 
severity of coronary artery disease. 
Atherosclerosis. 1997; 129: 111–
118. CrossRefMedline

245	 Yeboah J, Crouse JR, Hsu FC, Burke 
GL, Herrington DM. Brachial flow-
mediated dilation predicts incident 
cardiovascular events in older 
adults: the Cardiovascular Health 
Study. Circulation. 2007; 115: 
2390–2397.

246	 Stensvold D, Tjønna AE, Skaug 
EA, et al. Strength training versus 
aerobic interval training to modify 
risk factors of metabolic syndrome. J 
Appl Physiol. 2010;108(4):804–810.

247	 Olson TP, Dengal DR, Leon AS, 
Schmitz KH. Moderate resistance 
training and vascular health in 
overweight women. Med Sci Sports 
Exerc. 2006;38(9):1558–1564.

248	 Cornelissen VA, Fagard RH. Effects 
of endurance training on blood 
pressure, blood pressure-regulating 
mechanisms, and cardiovascular 
risk factors. Hypertension. 
2005;46(4):667–675.

249	 Pinto A, Di Raimondo D, 
Tuttolomondo A, Fernandez P, 
Arnao V, Licata G. Twenty-four 
hour ambulatory blood pressure 
monitoring to evaluate effects on 
blood pressure of physical activity in 
hypertensive patients. Clin J Sport 
Med. 2006;16(3):238–243.

250	 Fagard RH, Cornelissen VA. Effect 
of exercise on blood pressure 
control in hypertensive patients. 
Eur J Cardiovasc Prev Rehabil 
2007;14:12-7

251	 Kelley G. Dynamic resistance 
exercise and resting blood pressure 
in adults: a meta-analysis. J Appl 
Physiol. 1997;82(5):1559–1565.

252	 Bramlage P, Hasford J, Blood 
pressure reduction, persistence 
and costs in the evaluation of 
antihypertensive drug treatment – a 
review: Cardiovascular Diabetology 
2009, 8:18 doi: 10.1186/1475-
2840-8-18

253	 Blood Pressure Lowering Treatment 
Trialists’ Collaboration: Effects of 
different regimens to lower blood 
pressure on major cardiovascular 
events in older and younger adults: 
meta-analysis of randomised trials. 	
BMJ. 2008 May 17; 336(7653): 
1121–1123

254	 Appel LJ, Moore TJ, Obarzanek E, 
et al. A clinical trial of the effects 
of dietary patterns on blood 
pressure. DASH Collaborative 
Research Group. N Engl J Med. 
1997;336(16):1117–1124.

255	 Gaesser GA, Angad S et al Exercise 
and Diet, Independent of Weight 
Loss, Improve Cardiometabolic 
Risk Profile in Overweight and 
Obese Individuals. Physician and 
Sportsmedicine: Volume: 39 No.2

256	 Wannamethee SG, Gordon D.O. 
Lowe, Peter H. Whincup, Ann 
Rumley, Mary Walker, Lucy Lennon, 
Physical Activity and Hemostatic and 
Inflammatory Variables in Elderly 
Men. Circulation. 2002;105:1785-
1790.

257	 Kadoglou NP, Vrabas IS, Sailer N, et 
al. Exercise ameliorates serum MMP-
9 and TIMP-2 levels in patients with 
Type2 diabetes. Diabetes Metab. 
2010;36(2):144–151

258	 Misra A, Alappan NK, Vikram NK, et 
al. Effect of supervised progressive 
resistance-exercise training protocol 
on insulin sensitivity, glycemia, 
lipids, and body composition in 
Asian Indians with Type2 diabetes. 
Diabetes Care. 2008;31(7):1282–
1287



my best move62 a guide for gps 63

259	 Snowling NJ, Hopkins WG. Effects 
of different modes of exercise 
training on glucose control and risk 
factors for complications in Type2 
diabetic patients: a meta-analysis. 
Diabetes Care. 2006;29(11):2518–
2527

260	 Couillard C, Després JP, Lamarche 
B, et al. Effects of endurance 
exercise training on plasma HDL 
cholesterol levels depend on levels 
of triglycerides: evidence from men 
of the Health, Risk Factors, Exercise 
Training and Genetics (HERITAGE) 
Family Study. Arterioscler Thromb 
Vasc Biol. 2001;21(7):1226–1232.

261	 Kaaks, R. & Lukanova, A. Energy 
balance and cancer: the role of 
insulin and insulin-like growth 
factor-I. Proc. Nutr. Soc. 60, 91–106 
(2001).

262	 Amati F, Dube JJ, Cohen J et al, 
Physical Inactivity and Obesity 
Underlie the Insulin Resistance of 
Aging: Diabetes Care 32:1547–
1549, 2009

263	 Boule, N. G., Haddad, E., Kenny, 
G. P., Wells, G. A. &Sigal, R. J. 
Effects of exercise on glycemic 
control and body mass in Type2 
diabetes mellitus: a meta-analysis of 
controlled clinical trials. JAMA 286, 
1218–1227 (2001).

264	 Frank, L. L. et al. Effects of exercise 
on metabolic risk variables in 
overweight postmenopausal 
women: a randomized clinical trial. 
Obes. Res. 13, 615–625 (2005).

265	 Ross, R. et al. Exercise-induced 
reduction in obesity and insulin 
resistance in women: a randomized 
controlled trial. Obes Res. 12, 
789–798 (2004).

266	 Ross, R. et al. Reduction in obesity 
and related comorbid conditions 
after diet-induced weight loss or 
exercise-induced weight loss in 
men: a randomized, controlled trial. 
Ann. Intern. Med. 133, 92–103 
(2000).

267	 Boule, N. G., Haddad, E., Kenny, 
G. P., Wells, G. A. & Sigal, R. J. 
Effects of exercise on glycemic 
control and body mass in Type2 
diabetes mellitus: a meta-analysis of 
controlled clinical trials. JAMA 286, 
1218–1227 (2001).

268	 C. Slemenda, K. D. Brandt, D. 
K. Heilman et al., “Quadriceps 
weakness and osteoarthritis of the 
knee,” Annals of Internal Medicine, 
vol. 127, no. 2, pp. 97–104, 1997.

269	 C. Slemenda, D. K. Heilman, K. D. 
Brandt et al., “Reduced quadriceps 
strength relative to body weight: 
a risk factor for knee osteoarthritis 
in women?” Arthritis and 
Rheumatism, vol 41, no. 11, pp. 
1951–1959, 1998.

270	 S. Ikeda, H. Tsumura, and T. Torisu, 
“Age-related quadriceps dominant 
muscle atrophy and incident 
radiographic knee osteoarthritis,” 
Journal of Orthopaedic Science, vol. 
10, no. 2, pp. 121–126, 2005.

271	 A. Amaro, F. Amado, J. A. Duarte, 
and H. J. Appell, “Gluteus medius 
muscle atrophy is related to 
contralateral and ipsilateral hip joint 
osteoarthritis,” International Journal 
of Sports Medicine, vol. 28, no. 12, 
pp. 1035–1039, 2007.

272	 A. Grimaldi, C. Richardson, G. 
Durbridge, W. Donnelly, R. Darnell, 
and J. Hides, “The association 
between degenerative hip joint 
pathology and size of the gluteus 
maximus and tensor fascia lata 
muscles,” Manual Therapy, vol. 14, 
no. 6, pp. 611– 617, 2009.

273	 A. Grimaldi, C. Richardson, W. 
Stanton, G. Durbridge, W.Donnelly, 
and J.Hides, “The association 
between degenerative hip joint 
pathology and size of the gluteus 
medius, gluteus Journal of Aging 
Research 5 minimus and piriformis 
muscles,” Manual Therapy, vol. 14, 
no. 6, pp. 605–610, 2009.

274	 T. Hortob´agyi, J. Garry, D. Holbert, 
and P. Devita, “Aberrations in 
the control of quadriceps muscle 
force in patients with knee 
osteoarthritis,” Arthritis Care 
and Research, vol. 51, no. 4, pp. 
562–569, 2004.

275	 A. Van Ginckel, N. Baelde , K.F. 
Almqvist, P. Roosen, P. McNair, E. 
Witvrouw: Functional adaptation 
of knee cartilage in asymptomatic 
female novice runners compared to 
sedentary controls. A longitudinal 
analysis using delayed Gadolinium 
Enhanced Magnetic Resonance 
Imaging of Cartilage (dGEMRIC) 
Osteoarthritis and Cartilage, Volume 
18, Issue 12 , Pages 1564-1569, 
December 2010

276	 Tiderius CJ, Svensson J, Leander P, 
Thorsson O, Dahlberg L. dGEMRIC 
(delayed gadolinium-enhanced 
MRI of cartilage) indicates adaptive 
capacity of human knee cartilage. 
Magn Reson Med 2004;51:286e90.

277	 Urquarht DM, Tobing JFL, Hanna 
FS, Berry P, Wluka AE, Ding C and 
Cicuttini F, What Is the Effect of 
Physical Activity on the Knee Joint? 
A Systematic Review. Med. Sci. 
Sports Exerc., Vol. 43, No. 3, pp. 
432–442, 2011.

278	 Johnson WE, Evans H, Menage J, 
Eisenstein SM, El Haj A, Roberts S. 
Immunohistochemical detection of 
Schwann cells in innervated and 
vascularized human intervertebral 
discs. Spine 2001;26:2550-7.

279	 Freemont AJ, Peacock TE, Goupille 
P, Hoyland JA, O’Brien J, Jayson 
M. Nerve ingrowth into diseased 
intervertebral disc in chronic back 
pain. Lancet 1997;350:178-81.

280	 Roberts S, Eisenstein SM, 
Menage J, Evans EH, Ashton IK. 
Mechanoreceptors in intervertebral 
discs. Morphology, distribution 
and neuropeptides. Spine 
1995;20:2645-51

references

281	 Indahl A, Kaigle AM, Reikeras O, 
Holm SH. Interaction between the 
porcine lumbar intervertebral disc, 
zygapophysial joints and paraspinal 
muscles. Spine 1997;22:2834-40.

282	 Hodges P, Kaigle Holm A, Hansson 
T, Holm S. Rapid atrophy of 
the lumbar multifidus follows 
experimental disc or nerve root 
injury. Spine 2006;31:2926-33.

283	 Cassidy JD, Cote P, Carrol LJ, 
Kristman V. Incidence and course 
of low back pain episodes in 
the general population. Spine 
2005;30:2817-23.

284	 Moreau CE, Green BN, Johnson 
CD, Moreau SR. Isometric back 
extension endurance tests. A review 
of the literature. J Manipulative 
Physiol Ther 2001;24:110-22.

285	 Reinsel TE, Grobler LJ, Meriam 
C. Progressive paraspinal muscle 
atrophy presenting as low-back 
pain. Case report. J Spinal Disord 
1995;8:249-51.

286	 Jorgensen MJ, Marras WS, Gupta P. 
Cross-sectional area of the lumbar 
back muscles as a function of torso 
flexion. Clin Biomech (Bristol, Avon) 
2003;18:280-6.

287	 Neumann P, Keller T, Ekström L, Hult 
E, Hansson T. Structural properties 
of the anterior longitudinal 
ligament. Correlation with lumbar 
bone mineral content. Spine 
1993;18:637-45.

288	 Holm S, Nachemson A. Variations 
in the nutrition of the canine 
intervertebral disc induced by 
motion. Spine 1983;8:866-74.

289	 Hartvigsen J, Christensen K. 
Active lifestyle protects against 
incident low back pain in seniors. A 
population-based 2-year prospective 
study of 1 387 Danish twins aged 
70–100 years. Spine 2007;32:76-
81.

290	 Hasenbring MI, Plaas H, Fischbein 
B, Willburger R. The relationship 
between activity and pain in 
patients 6 months after lumbar disc 
surgery. Do pain-related coping 
modes act as moderator variables? 
Eur J Pain 2006;10:701-9.

291	 Wetmore, C. M. & Ulrich, C. 
M. in Cancer Prevention and 
Management through Exercise and 
Weight Control (ed. McTiernan, A.) 
157–175 (CRC Taylor Francis, Boca 
Raton, 2006)

292	 Nieman, D. C. Exercise immunology: 
practical applications. Int. J. Sports 
Med. 18 (Suppl. 1), S91–S100 
(1997).

293	 Ostenson C-G, Birkeland K, 
Henriksson J. Diabetes Mellitus – 
type iI diabetes. In Physical Activity 
in the Prevention and Treatment of 
Disease. Swedish National Institute 
of Public Health. 2010: 345-355

294	 Stewart KJ: Exercise training and 
the cardiovascular consequences of 
Type2 diabetes and hypertension: 
plausible mechanisms for improving 
cardiovascular health. JAMA 
288:1622–1631, 2002

295	 Leon AS, Sanchez OA: Response 
of blood lipids to exercise training 
alone or combined with dietary 
intervention. Med Sci Sports Exerc 
33:S502–S515, 2001

296	 Whelton SP, Chin A, Xin X, He 
J: Effect of aerobic exercise on 
blood pressure: a meta-analysis of 
randomized, controlled trials. Ann 
Intern Med 136:493–503, 2002

297	 Yaspelkis BB Resistance training 
improves insulin signaling and 
action in skeletal muscle. Exercise 
and Sport Sciences Reviews 2006; 
34 (1): 42–46

298	 Holten MK, Zacho M, Gaster M, 
Juel C, Wojtaszewski JFP, and Dela 
F. Strength training increases insulin 
mediated glucose uptake, GLUT4 
content, and insulin signaling in 
skeletal muscle in patients with 
Type2 diabetes. Diabetes 2004; 53 
(2): 294–305

299	 Jeong-a Kim et al. The Role of 
Mitochondrial Dysfunction in Insulin 
Resistance. Circulation Research 
2008: 102: 401-414.

300	 Kjellman et al Chapter 24 
Depression. Physical Activity in 
the Prevention and Treatment of 
Disease professional associations for 
physical activity (Sweden) 2012

301	 Beck JS. Cognitive Therapy. Basics 
and beyond. New York: Guilford 
Press; 1995.

302	 Salmon P. Effects of physical 
exercise on anxiety, depression 
and sensitivity of stress. A unifying 
theory. Clinical Psychology Review 
2001;21:35-61.

303	 M Hamer, E Stamatakis, A Steptoe. 
Dose-response relationship between 
physical activity and mental health: 
the Scottish Health Survey. Br J 
Sports Med 2009;43:1111–1114.

304	 Meeusen R. Exercise and the 
brain. Insight in new therapeutic 
modalities. Annual Transplant 
2005;10:49-51.

305	 Pert CB, Bowie DL. Behavioral 
manipulation of rats causes 
alterations in opiate receptor 
occupancy. In: Usdin E, Bunney WE, 
Kline NS, Ed. Endorphins in Mental 
Health. New York: Oxford University 
Press; 1979. pp. 93-105.

306	 Farrel PA, Gates WK, Maksud MG, 
Morgan WP. Increase in plasma 
beta endorphin/betalipotropin 
immunoreactivity after treadmill 
running in humans. Journal of 
Applied Physiology 1982;52:1245-
9.

307	 Cambpell S, Marriott M, Nahmias 
C, MacQueen GM. Lower 
hippocampal volume in patients 
suffering from depression. A 
meta-analysis. American Journal of 
Psychiatry2004;161:598-607



my best move64 a guide for gps 65

308	 Manji HK, Moore GJ, Chen G. 
Clinical and preclinical evidence for 
the neurotrophic effects of mood 
stabilizers. Implications for the 
pathophysiology and treatment of 
manic-depressive illness. Biological 
Psychiatry 2000;48:740-54.

309	 Ribom EL & Piehl-Aulin K. 
Osteoporosis. In Physical Activity in 
the prevention and treatment of 
disease. Swedish National Institute 
of Public Health. Professional 
Associations for Physical Activity 
2010; 510-522

310	 Burr DB. Muscle strength, bone 
mass and age-related bone loss. J 
Bone Miner Res 1997;12:1547-51

311	 Heaney RP, Barger-Lux MJ, Davies 
KM, Ryan RA, Johnson ML, Gong 
G. Bone demensional change 
with age: Interactions of genetic, 
hormonal, and body size variables. 
Osteoporosis Int 1997;7:426-31.

references

Produced by Raffertys

Thanks are due to the clinical 
commissioning groups (CCGs) and 
general practices in London that have 
participated in the pilot of ‘My Best 
Move’. The work also benefited from 
guidance and advice from London’s 
Directors of Public Health and London’s 
Physical Activity Leads Network.  

Valuable advice was also provided by 
the members of the 2012 Long Term 
Conditions Steering Group who were: 

Somen Banerjee

Oliver Berman

Mark Browne

Eleanor Craven

Rachel Flowers

Sandy Gupta MD FRCP

Dr Latha Hapugoda

Shaaz Mahboob

Kate Melvin

Hilary Ross

Helena Wright

A separate project report covering  
the pilot of ‘My Best Move’ in London 
is also available.

For more information on  
My Best Move in London  
please contact Lily Makurah:  
lily.makurah@nhs.net

acknowledgements



NHS London
Southside

105 Victoria Street
London SW1E 6QT

020 7932 3700
www.london.nhs.uk

November 2012


