1.1.1

Physical activity

The following review has been contributed by Professor Emeritus Ilkka Vuori, Finland.
1.1.1.1

Introduction

This paper summarises the evidence on the relationship between physical activity (PA)
and cardiovascular disease that has been published mainly during the past 10 years. The
primary focus is on aspects related to primary prevention of the clinical events of
coronary heart disease and stroke.
1.1.1.2

Methods

The paper is mainly a review of reviews. The material was collected by conducting a
search of the Medline, Embase and Cochrane electronic databases to identify systematic
reviews and meta-analyses published on the relationship between PA and CVD since
2002. The terms used for the exposure were physical activity or exercise, and for the
outcome the following terms: cardiovascular disease, coronary heart disease, coronary
artery disease, coronary disease, myocardial infarction, stroke, peripheral vascular
disease or peripheral arterial disease. In addition, committee reports on the topic were
identified through scientific meetings and by personal communication. In section 1.1.1.5
Biological plausibility selected reviews published in the leading journals of the topic
have been used.
The reviews on the relationship between PA and CVD were included if they fulfilled the
criteria of systematic review and included meta-analysis and were written in English. A
large majority of the studies included in the reviews were prospective cohort studies of
at-risk populations, and the quality of the studies was assessed by established procedures
in all included reviews.
1.1.1.3
1.1.1.3.1

Results
Coronary heart disease

The US Physical Activity Guidelines Advisory Committee Report (PAGAC 2008)1
includes a comprehensive, rigorously conducted systematic review of 16 cohort and four
case-control studies on men, and 13 cohort and six case-cohort studies on women
published between 1996 and 2007. In addition, five cohort and four case-control studies
reported the results on men and women combined. The studies include approximately
124,000 men aged 15 to 96 years and more than 200,000 women aged 20 to 85 years at
baseline. All included studies provide self-report information on the PA of the subjects,
a standardised assessment of cardiovascular clinical events, and a comparison of event
rates in subjects assigned to two or more categories of PA. In all the cited studies, the
multivariate adjusted relative risks were recorded and used in all analyses. The
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adjustments included, as a minimum, age, body mass index (BMI), cigarette smoking,
blood pressure, and blood lipid concentrations. Inclusion of, for example, BMI, blood
pressure, and blood lipids may in some cases inappropriately decrease the magnitude of
the relation between the PA exposure and the clinical outcome because some of the
benefit of PA may be mediated through these “mediating” or “intermediate” variables.
In studies where RRs are presented using both limited and multivariate adjustments that
accounted for the “intermediate” variables, the RRs for the limited adjustments show
about 10% greater effects.
The review revealed that for men the median relative risk (RR) was 0.81 for moderate
intensity or amount of activity versus no or light activity, and 0.68 for vigorous intensity
or high amounts of PA versus no or light activity. The lower CHD event rate for more
active men was reported for both non-fatal and fatal CHD with no systematic difference
in CHD incidence versus CHD mortality.
In the 13 prospective cohort studies of women the median RR of having clinical CHD
event was 0.78 for women reporting participation in moderate intensity or amount of PA
compared to women reporting no or light intensity activity. The corresponding RR was
0.62 for women reporting performing vigorous or high amounts of activity as compared
to women reporting no or light intensity activity.
The analyses showed no evidence that the effects of PA on CHD are different in men,
pre-menopausal and post-menopausal women. The magnitude of the inverse associations
between PA and CHD events for men and women older than 65 years were at least as
strong as for younger adults.
A few of the prospective studies have reported PA two or more times during the followup. The results show that those men or women who reported increased activity during
the follow-up had lower relative risk of CVD events compared to subjects who remained
sedentary or at the previous activity level. In these studies the change in activity
preceded the clinical events. These findings increase the evidence that links higher levels
of physical activity with lower risk of CVD.
A meta-analysis by Nocon and colleagues2 including 676,605 subjects in 24 cohort
studies with at least 5,000 participants provided results that correspond to the findings
presented above. Overall, in fully adjusted model the cardiovascular mortality was 35%
(RR 0.65, 95%CI 0.60, 0.70) lower in the most active as compared with least active
subjects. Adjusting only for age, the risk reduction was increased to 47% (RR 0.53 (95%
CI 0.46, 0.61) in all 13 studies that reported both fully adjusted and age-adjusted results.
Thus, the reported risk reductions are conservative as in the 2008 PAGAC report.1 The
risk reduction was larger (RR 0.43, 95% CI 0.33, 0.57) in the eight studies (analyses of
10 groups) in which PA was assessed by fitness test as compared with those 16 studies
(analyses of 20 groups) that assessed PA by questionnaire (RR 0.70, 95% CI 0.66, 0.74).
Significant risk reduction was found in 26 of the analyses, and in most studies it was 30–
50%. The size of the risk reduction was similar in men and women, and the three studies
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that also included older participants reported similar decreases in mortality as in the rest
of the studies.
Another recent European meta-analysis by Sofi et al3 included 513,472 individuals in 26
prospective cohort studies with 4-25 years of follow-up. In the included studies the
intensity of LTPA (leisure time physical activity) had been assessed in at least three
categories. High intensity level of LTPA was associated with 27% lower risk of CHD
incidence or mortality (RR 0.73, 95 % CI 0.66, 0.80) as compared with the low intensity
level. The high intensity level of LTPA was determined so that it is attainable by
ordinary people. The corresponding decrease of risk associated with moderate intensity
level of LTPA was 12% (RR 0.88, 95% CI 0.83, 0.93).
1.1.1.3.2

Dose-response relationship

The two meta-analyses referred to above1,3 showed strong evidence for dose-response
effect between PA and CHD. One meta-analysis included studies only on women.4 In
five studies out of 30 the relative PA level (amount or volume) was reported for four
levels. When these studies were combined, a significant dose-response relationship was
found between the relative level of PA and risk of CHD: RR 1 (= reference), 0.78, 0.53,
0.61, p for trend <0.0001.
In populations where the reference group is very sedentary even very modest amounts of
moderate intensity PA such as one to two hours walking per week are associated with
reduced rates of CHD.1,4 The risk is decreased with increasing amounts or intensity of
PA, and much of the benefit is derived when the subjects perform 150 or more minutes
per week of moderate-intensity PA. Greater amounts or higher intensity of activity
provide increasing benefit. However, the shapes of any dose-response relations have not
been well defined, potentially because of the inaccuracy involved in assessing physical
activity. The relations are all most closely related to volume, with less information about
intensity and none for frequency and duration of sessions. There is very limited and
mixed data related to the effects of short bouts (~10 min or less) of PA (accumulation),
but they seem to be effective in increasing cardio-respiratory fitness.1
1.1.1.3.3

Stroke

Several systematic reviews provide data of the relationship between PA and risk of
stroke. Lee and colleagues5 included data on 285,509 men and women from 18 cohort
and five case-control studies in their meta-analysis. For the cohort studies RR for stroke
incidence or mortality for the most active versus the least active individuals was 0.75
(95% CI 0.69, 0.82) and for the moderately active versus least active individuals 0.83
(95% CI 0.76, 0.89). For case-control studies, highly active individuals had 64% lower
risk of stroke incidence (RR 0.36, 95% CI 0.25, 0.52) and moderately active individuals
48% lower risk (RR 0.52, 95% CI 0.40, 0.69) than their least active counterparts. The
authors conclude that moderate and high levels of PA are associated with reduced risk of
total, ischaemic, and haemorrhagic strokes.
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The meta-analysis by Wendel-Vos and colleagues6 included data from 31 studies
published in English before 2001, including 24 prospective cohort studies and seven
case-control studies. Persons categorised as most active compared to the least active
during their leisure time were at significantly lower risk for all strokes (RR 0.78, 95% CI
0.71, 0.85), ischaemic stroke (0.79, 95% CI 0.69, 0.91), and haemorrhagic stroke (0.74,
95% CI 0.57, 0.96). When persons categorised as moderately active during their leisure
time were compared with those categorised as least active, the RR of the active persons
for all strokes was 0.85 (95% CI 0.78, 0.93), for ischaemic stroke 0.83 (95% CI 0.64,
1.09), and for haemorrhagic stroke 0.76 (95% CI 0.55, 1.05). Only six studies examined
the association of occupational physical activity and risk of stroke. Persons categorised
as most active in their occupation had RR 0.74 (95% CI 0.49, 1.12) for total stroke, RR
0.57 (95% CI 0.43, 0.77) for ischaemic stroke, and RR 0.31 (95% CI 0.13, 0.76) for
haemorrhagic stroke when compared to the least active. Based on four studies, also
moderate amount of occupational activity seemed to protect against total stroke, RR 0.64
(95% CI 0.48, 0.87).
The meta-analysis of Oguma and Shinoda-Tagawa4 included 30 articles on women only.
The aim of the study was to quantify the dose-response relationship of PA on CVD
outcomes including stroke. When the seven studies reporting three relative levels of PA
were combined, the RRs showed a dose-response relationship for stroke: RR = 1
(reference), 0.73, 0.68, p for trend <0.0001.
The PAGAC report includes data from studies published between 1996 and 2007, eight
studies on women, 11 studies on men, and six studies on men and women combined. For
all strokes in men, the median RR was 0.65 for moderate-intensity versus no or light
activity and 0.72 for high-intensity or amount versus no or light activity. In women, the
median RR was 0.82 for all strokes combined for moderate-intensity activity versus no
or light activity, and 0.72 for high-intensity or amount versus no or light activity.
Reimers and colleagues7 analysed 33 prospective cohort studies and 10 case-control
studies published until December 2008. This meta-analysis included the studies of the
earlier investigations cited above. LTPA and occupational PA were not differentiated.
Two groups were compared: lowest level of PA as the reference, and the group with
highest level of PA or the one with the greatest risk reduction (in some studies the
intermediately active group). The RR for ischaemic stroke in 12 cohort studies for the
higher activity level as compared with the low level was 0.75 (95% CI 0.67, 0.84). The
corresponding RR for cerebral haemorrhage in seven studies was 0.67 (95% CI 0.52,
0.86), and for undifferentiated type in 23 studies 0.71 (95% CI 0.64, 0.80). In most
studies in which PA was graded on a scale with three or more levels, the risk of stroke
declined with increasing PA. However, a clear dose-response relationship has not yet
been demonstrated. In eight studies the risk was lowest in the intermediate PA category,
but in five studies the risk was highest in this category. The risk of ischaemic stroke was
24% and 27% lower in the more active women and men, respectively, as compared with
the least active subjects. The corresponding risk reductions for cerebral haemorrhage
were 8% for women and 40% for men, and for undifferentiated type of stroke 29% and
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28%, respectively. The risk reductions were statistically significant only for men—this
was due, at least in part, to the smaller number of studies on women.
On the basis of the limited amount of data analysed in the cited studies, the inverse
association between PA level and stroke risk appears very similar for men and women,
and there seems to be no systematic difference in the relationship of LTPA amount to
either total or non-haemorrhagic stroke in men or women aged 45 to 64 years versus 65
to 74 years at baseline.
A recent analysis of the follow-up data of the Health Professionals Follow-up Study
(43,685 men) and of the Nurses´ Health Study cohorts showed among men daily PA
(assessed several times during the follow-up) decreased the risk of total stroke by 22%
and risk of ischaemic stroke by 25%. The corresponding risk reductions for women were
28% and 31%. Of the other risk factors included in the analyses (that were also
repeatedly assessed during the follow-up) only “not smoking” decreased the risk more,
40–50% than “daily exercise”, while the effect of “optimal weight” on the risk was of
the same order as that of “daily exercise.”8

1.1.1.3.4

Peripheral arterial disease (PAD)

The relationship between PA and PAD has been reported in few studies only, and the
evidence suggesting protective effect of PA on PAD is weak.1 However, PA particularly
as structured supervised exercise training is a powerful and cost-effective secondary
preventive measure for those with established PAD with or without claudication
symptoms.1,9,10,11,12
1.1.1.4

Domain and type of physical activity

Most of the analysed data are related to LTPA, and most forms of LTPA consist mainly
of endurance or aerobic activity—or at least aerobic activity has been the main
component that has been assessed. However, also PA performed in occupational work,
domestic chores, or while commuting appears to provide benefit.1 A meta-analysis
including a total of 173,146 subjects in seven prospective cohort studies and one casecontrol study analysed the relationship between commuting to work by walking or
cycling and several cardiovascular endpoints (mortality, incident coronary heart disease,
stroke, hypertension and diabetes).13 The overall meta-analysis revealed a robust
protective effect of active commuting on cardiovascular outcomes, integrated RR 0.89
(95% CI 0.81, 0.98). The relationship was stronger among women (RR 0.87(95% CI
0.77, 0.98)) than among men (RR 0.91 (95% CI 0.80,1.04)).
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Walking is the most common and most feasible type of physical activity. Several recent
systematic reviews and meta-analyses have provided consistent evidence of protective
effect of walking on CHD14 or CVD.4,15,16 The meta-analysis of Oguma and ShinodaTagawa17 referred to above included also an analysis of the relationship of walking and
risk of CVD. When the included studies were combined by absolute walking amount,
even one hour/week walk was associated with reduced risk of CVD outcome. The metaanalysis of Hamer and Chida18 included 18 prospective studies and 459,833 subjects.
The pooled hazard ratio of CVD mortality in the highest walking category compared
with the lowest was 0.69 (95% CI 0.61, 0.77). The effect was robust among men and
women. There was evidence of dose-response relationship across the categories of
walking volume, but walking pace was a stronger predictor of risk compared with
walking volume. The systematic review of Boone-Heinonen and colleagues19 including
21 peer-reviewed publications revealed in general dose-dependent reductions in the risk
of fatal or non-fatal CVD with higher duration, distance, energy expenditure and pace of
walking. Adjustment for clinical CVD risk factors generally attenuated but did not
eliminate the associations. Zheng and co-workers20 found in their meta-analysis of 11
prospective cohort studies and one controlled randomised trial including 295,177
subjects that an increment of approximately 30 minutes of normal walking a day for five
days a week was associated with 19% (95% CI 14 – 23%) CHD risk reduction, and the
risk decreased as the walking dose increased. The results were similar in men and
women and in different age groups. The findings of all three analyses were consistent
with the current physical activity guidelines that recommend at least 150 minutes of
moderate-intensity aerobic activity per week to attain significant health benefits.
Cycling is a popular leisure time activity and in some countries a significant mode of
commuting. The amount of studies exploring the health-related effects of cycling is
rather limited, however. A recent systematic review of the published data21 revealed the
following main findings concerning cardiovascular health. Strong evidence from
randomised controlled trials indicates that the intensity of the spontaneously chosen
speed of commuting cycling is higher than the intensity of walking, and sufficient to
lead to significant increase of aerobic capacity. Moderate evidence supports modest
favourable changes in selected cardiovascular risk factors. Results regarding the
association of cycling and cardiovascular mortality and morbidity are mixed. A recently
published prospective study on a large Dutch population sample and with detailed data
of cycling and other physical activities found significantly smaller risk of fatal and nonfatal cardiovascular disease incidence among cyclists compared with non-cyclists (fully
adjusted hazard ratio 0.82 (0.71-0.95)).22 Two other prospective cohort studies23,24 did
not find significant association between cycling and cardiovascular disease morbidity or
mortality, possibly due to narrow classification of cycling. In a Chinese study
cardiovascular disease mortality was 25–37% lower among cycling compared to noncycling women, but due to the small number of deaths in the cycling categories the
difference was not significant.25 Considering the available scientific evidence as a whole
it may be concluded that regular cycling, for example as commuting, provides
cardiovascular health benefits in terms of aerobic fitness and some risk factors, and may
decrease the risk of cardiovascular diseases.
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Stair use is one option to integrate PA into everyday life. It is vigorous activity with
oxygen uptake reaching approximately 80% of maximal level in young healthy adults. A
short review that summarises the effects of studies on the biological effects of stair use
concludes that climbing stairs is effective in improving aerobic capacity and some CVD
risk factors.26 For 100–150 climbed floors each week corresponding to 8–12 minutes of
daily exercise, the improvement in aerobic capacity may reach, in previously untrained
persons, more than 10%, corresponding to an increase of approximately 1 MET. This
magnitude of improvement has been associated with a 15% reduction of CHD/CVD
mortality in epidemiological studies.27 Thus, habitual use of stairs seems a promising
mode of PA for CVD prevention.
Resistance exercise. Interest in the health-related potential of resistance exercise has
gradually increased. The main part of commonly practiced resistance exercise is
dynamic as contrasted to static components of the activity, and consequently the effects
of resistance exercise refer mainly to those of the dynamic activity. Participation in
resistance exercise as a major part of PA practiced in fitness studios has increased during
the past decades. However, the proportion of resistance exercise of the PA volume at
population level remains small. Relationship between resistance exercise and CVD has
not been a subject of any major epidemiological study. The eventual role of resistance
exercise in CVD prevention is most likely mediated through its effects on some
biological risk factors of CVD.28,29
1.1.1.5

Biological plausibility

Physical activity fulfils well all criteria of a causal risk factor of CHD and stroke. The
temporal sequence between the exposure and outcome is correct in a large number of
prospective studies, in which PA is measured before the CVD outcomes occur.
Furthermore, change of PA during the observation period as revealed by repeated
assessments is logically reflected in the outcomes, and is seen as strengthening of the
associations between PA and the outcomes.30,31 In well-conducted epidemiological
studies the consistency of the relationship between PA and CVD outcomes is good, and
the findings are similar in men and women of different ages as well in populations from
a large number of countries. The strength of the associations is significant both
statistically and from the public health point of view. The strength of the relationship of
PA and CVD is well comparable to that of other cardiovascular risk factors.32,33,34,35,36,37
The same applies also for secondary prevention of patients with CHD.38
The strength and consistency of the relationship between PA and health outcomes is
decreased by the inaccuracy of PA assessment by questionnaires leading to
misclassification of subjects. There is a great need to begin to assess PA also in large
epidemiological studies by objective methods such as accelerometers, step counters,
heart rate measurements, and various combinations of the new techniques.
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The decreased risk of CVD related to PA is partly explained by the effects of PA on
other risk factors, and partly it is independent.
Blood pressure. Recent meta-analyses39,1 show that aerobic PA decreases resting blood
pressure in healthy subjects, mean reduction of systolic pressure 2.4 mmHg, and
diastolic pressure 1.6 mmHG (2%/2%). In pre-hypertensive subjects the corresponding
decrease is 3.1/1.7 mmHG (1%/2%), and in hypertensive subjects 6.9/4.9 mmHG
(5%/5%). Changes are independent of changes in body weight. No consistent doseresponse relationships between the changes in blood pressure and characteristics of
aerobic PA have been observed. Limited data suggests that resistance training can also
have a blood pressure lowering effect.
Blood lipids. Aerobic PA influences blood lipids favourably. High amounts of PA
modestly increase high-density lipoprotein (HDL) cholesterol and decreases serum
triglycerides, most in subjects with largest baseline abnormalities. The effects of PA on
LDL cholesterol are inconsistently demonstrated. The same applies to the effects of
resistance exercise on blood lipids.40,41,1 ,42
Impaired glucose tolerance and Type 2 diabetes (T2D). A large number of prospective
cohort and cross-sectional studies and several randomised controlled trials show
convincingly that increased levels of PA are associated with significantly improved
glucose tolerance and decreased risk of T2D.1 A key mechanism is the favourable effect
of PA on the sensitivity of muscle and other tissues to the action of insulin. Any amount
of PA appears to be better than none, but higher intensity and more frequent PA increase
the preventive effect. Approximately 30 minutes of moderate-intensity activity at least
five days per week decreases the risk of T2D by 25 to 36%, and the findings apply to
men and women. Resistance training has shown promise as a mode of PA in the
treatment of T2D, but the eventual role of resistance PA in the prevention of T2D has
not been explored in any large prospective study. PA has also a secondary preventive
role for CVD regarding T2D, because strong evidence indicates that PA decreases the
risk of CVD in subjects with T2D or impaired glucose tolerance. Furthermore, several
studies have found a steeper response of CVD risk to PA in diabetic subjects than in
those with normal glucose tolerance.
Metabolic syndrome. Regular PA is associated with substantially decreased risk of
metabolic syndrome, and several cross-sectional and one prospective study strongly
suggest dose-response between the amount of PA and metabolic syndrome in men and
women.1
Overweight and obesity. There is favourable and consistent effect of aerobic PA on
achieving weight maintenance (less than 3% change in body weight). There is large
inter-individual variability with weight stability and PA, and many individuals need
more than 150 minutes per week of moderate PA to maintain stable weight. The
currently recommended amount of PA needed to prevent weight gain is between 150 and
250 minutes per week of moderate-intensity aerobic activity.1,43 A recent analysis of
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weight gain of approximately 34,000 healthy US women consuming a usual diet
revealed that initially normal weight women (BMI of less than 25) needed to perform
about one hour moderate-intensity activity daily in order to maintain their weight or to
prevent weight gain more than 2.3 kg during 13 years.44 This amount of activity
corresponds to one current US recommendation for the prevention of unhealthy weight
gain.45 Among heavier women no relationship was found between PA and weight gain
suggesting that PA alone, at least in the amounts the study subjects performed, was not
sufficient to maintain energy balance.
In fact, evidence suggests that physical activity is of modest benefit when attempts to
reduce weight are made. Greater amounts of aerobic PA than 150–250 min per week are
needed to achieve clinically significant weight loss (at least 5% of body weight), but
moderate-intensity PA will improve weight loss in connection with moderate dietary
restriction.1,46,47,48,49
There is clear evidence, however, that physical activity plays a crucial part in
maintaining weight loss. Cross-sectional and prospective studies indicate that after
weight loss, weight maintenance is improved with moderate-intensity aerobic PA more
than 250 minutes per week, but there is lack of well-designed randomised controlled
trials. There is a dose effect of PA, with greater weight loss and enhanced prevention of
weight regain with doses of PA that approximate 250 to 300 minutes per week. The
evidence on the effects of resistance training in prevention of weight gain or in weight
reduction is less consistent.1,43 The contribution of physical activity to the degree of
weight loss following bariatric surgery has also been investigated where physical
activity appears to be associated with a greater weight loss of over 4% BMI in postsurgical patients.50
Aerobic PA decreases also total abdominal adiposity and intra-abdominal adiposity.
Moderate-intensity aerobic activity approximately 150 to 300 minutes per week leads to
reduction of abdominal obesity that is consistent with improved metabolic function.
Limited evidence suggests that resistance training has a small and less consistent effect
on abdominal obesity.1,40,43
Regarding the risk of CVD, it is important to note that prevention of weight gain is an
effective way to prevent the development of undesirable changes in the metabolic CVD
risk factors, and even small (less than 3%) or no decrease in body weight by PA leads to
significant beneficial changes in those risk factors.43 Furthermore, PA also
counterbalances the risk caused by overweight (BMI 25.0 to 29.9) on CVD mortality or
events.51
Other mechanisms. Several studies have reported that the reduced risk of CVD in the
active subjects is not fully explained by the traditional risk factors such as hypertension,
high cholesterol, high BMI and diabetes.52,53,54 A recent study in a large cohort of
women55 found that 59% of the PA-induced reduction in CVD events was explained by
differences in a large number of traditional and novel cardio-metabolic risk factors,
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particularly by inflammatory/ haemostatic factors and blood pressure. However, the
remaining 41% of the risk reduction due to PA was independent of these effects. In
another study the 52% higher risk of CVD in physically inactive as compared with
physically active (at least 150 min/wk) men and women was not mediated by the
measured cardio-metabolic risk factors (blood pressure, triglycerides, low-density
lipoprotein cholesterol, high density lipoprotein cholesterol, glucose, and waist
circumference).56 The findings of these studies strongly suggest that, even in the absence
of positive changes in cardio-metabolic risk factors, increasing PA level would decrease
the risk of CVD.
The reduced risk of CVD related to PA beyond the traditional and even novel risk
factors may be explained by several mechanisms. PA has been shown to decrease
chronic low-grade inflammation that is an important factor in the pathogenesis of
atherosclerosis as well as insulin resistance.57,58 PA also exerts several direct effects on
the vascular wall. Habitual PA favourably modulates several expressions of arterial
ageing and preserves vascular function. Thus, adults who regularly perform aerobic PA
demonstrate smaller or no age-associated increases in large elastic artery stiffness,
reductions in vascular wall endothelial function, and increases in carotid artery intimal
medial thickness. Moderate-intensity aerobic exercise training improves carotid artery
compliance and can improve vascular endothelial function in previously sedentary
middle-aged and older individuals by several mechanisms.1,59,60,61,62 The effects of
exercise on the vascular wall may be induced via the impact of repetitive increases in
shear stress on the endothelium, which transduce structural and functional adaptations
that decrease arteriosclerotic risk. The beneficial effects of PA on the vascular wall may
be enhanced by decreased sympathetic and increased parasympathetic outflow caused by
PA.63,64
1.1.1.6

Health-enhancing potential of PA

In addition to the substantial benefits to cardiovascular health, physical activity is
associated with lower risk of several of the most common chronic diseases and
manifestations of ill health as follows:1
o type 2 diabetes and metabolic syndrome: 30% to 40% lower risk (strong
evidence),
o hip fracture: 36% to 68% lower risk (moderate evidence),
o osteoarthritis: 22% to 83% lower risk (weak evidence),
o functional or role limitations: about 30% lower risk (moderate to strong
evidence),
o falls: 30% lower risk (strong evidence),
o colon cancer: 30% lower risk (strong evidence),
o breast cancer: 20% to 40% lower risk (strong evidence),
o depression: 20% to 30% lower risk (strong evidence),
o dementia: 20% to 30% lower risk (strong evidence).
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The risk reduction of various diseases is reflected in the reduced risk of all-cause
mortality of 30% (strong evidence).
If a reversed expression is used, burden to health of physical inactivity (PIA), the
estimated number of deaths in Europe in 2004 caused by PIA is 992,000 annually, 10.4
% of all deaths. About half of these deaths are caused by CVD. The loss of disability
adjusted life years (DALYs) in Europe caused by PIA is estimated as 5.5% of all
DALYs. Among the factors influencing the burden to health, PIA ranks fourth as a risk
factor for all-cause mortality and sixth among the risk factors for loss of DALYS.65
It is also worth mentioning that PA not only decreases risk of diseases but also improves
cardiovascular and muscular fitness (strong evidence), cognitive function in the elderly
(strong evidence), functional health in the elderly (moderate evidence), and sleep quality
(moderate evidence).1
All data presented above indicates that PA is one of the major factors that have very
large potential to maintain and improve health and decrease burden of ill health in
Europe. A substantial part of all of the risk reducing and health-enhancing effects of PA
is attained by moderate amount and intensity of aerobic PA, e.g. by brisk walking (four
to six km/h depending on the fitness of the subject) for 150 minutes per week. This dose
and type of physical activity strongly supports the view that it is a feasible populationlevel means to enhance health.
However, for most of the major health benefits of PA, including the reduction of the risk
of the most common cardiovascular diseases, there is a dose-response relationship
between the risk and PA, especially the amount of PA.1 Thus, by increasing the amount
of daily or weekly PA above the current recommendation, the risk of most of the most
common non-communicable chronic diseases would further decrease, although with
diminishing gain. One target level for a large number of the European people employed
in sedentary occupations could be about one hour moderate-intensity PA daily, based on
the evidence and recommendation to prevent weight gain (see above). Adoption of this
level of PA would lead to massive avoidance of overweight and obesity and the
associated health losses.
All data on the associations of PA and risk of chronic non-communicable diseases, and a
major part of the data as the basis for the current PA recommendations, are derived from
studies assessing PA by self-report using various questionnaires. This leads to
underestimation of the preventive potential of PA due to misclassifications and overreporting of the activity, may increase the relative weight of LTPA to the cost of the
other domains of PA in attempts to assess the total activity, and hinders reliable
quantitative assessment of PA in research and surveillance. In the light of the great
potential of PA for health, and consequently the need to promote it using valid
quantitative recommendations as well as to monitor and to survey it reliably at
individual, group and population levels, objective methods to assess PA should be taken
into much wider use. Appropriate technologies are available.66 Funds should be
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allocated for their use in sufficiently large scale at national and international levels in
order, for example, to begin to collect data for a new generation of epidemiological
studies that would increase the reliability and accuracy of the use of PA for health.
Objective data are needed also to survey PA levels and trends in populations in order to
evaluate the effectiveness and cost-effectiveness of the attempts to increase PA.
An example of the value of objective, accurate methods in assessing PA are the recent
studies revealing the health risks of sedentariness, especially sitting e.g. in driving a car
and viewing TV. Large amount of especially uninterrupted sitting has been shown
convincingly to be a risk factor of e.g. overweight and obesity67,68,69 as well as of
metabolic diseases70,71,72 and all-cause and CVD mortality73 even independently of PA.
Increased emphasis on sedentariness is important not only for human, but also for
environmental health. Substantial increase of PA and decrease of sitting in large
numbers of people, and increasing and improving the environmental conditions to
enhance this development would contribute substantially to efforts to reach important
societal goals such as saving energy, decreasing environmental hazards due to, for
example, motorised transport, and preventing climate change.
1.1.1.7

Conclusions

The quantity and quality of scientific data on the cardiovascular and other health-related
effects of physical activity has increased greatly during the past decade. The evidence
now shows convincingly that insufficient physical activity is one of the key causal risk
factors of CVD, particularly of the most prevalent of them, CHD and stroke. Because of
the high prevalence of insufficient physical activity, the CVD burden caused by it is
great. The effects of insufficient physical activity are mediated partly through the
traditional major risk factors, and partly they are independent. This rather recently
shown fact emphasises the essential, irreplaceable role of PA for cardiovascular health.
Strong epidemiological evidence indicates that a major part of the preventive effect of
PA can be attained by activity that is applicable in large scale in all European
populations: moderate-intensity endurance or aerobic activity such as brisk walking on
several days during the week, in total approximately 150 minutes per week. Thus, a
population goal of 150 minutes moderate-intensity physical activity per week is
proposed as an interim target for cardiovascular health.
Higher, but still attainable, amounts of moderate-intensity PA, however, would further
increase the CV and other health benefits. Furthermore, there is increasing evidence that
overall levels of physical activity, from general activity such as brisk walking or cycling,
need to be higher—an extra 60-90 minutes daily, for example—to improve the chances
of maintaining body weight given the prevailing dietary patterns in Europe. Thus more
modest exercise patterns may be compatible with lower energy density diets, but in
current circumstances there will be a need in Europe to promote higher levels of physical
activity if the benefits from the decline in cardiovascular risk factors are not to be wiped
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out by rising levels of obesity. Thus, a further goal of one hour of moderate-intensity
activity on most days (around 300 minutes/week) is appropriate in sedentary populations
to avoid overweight and obesity, and the associated health consequences. In the longer
term, moderate activity for an hour a day (60 minutes daily) should be the target.
PA in all domains, during leisure time, in domestic chores, in transport, and in
occupational work has been shown to be effective.
Prevention of CVD through increased PA brings also several other health benefits by
decreasing substantially the risk of several of the most common chronic diseases and by
improving and maintaining physical, mental, and cognitive functions. PA also
decreases—and in overweight (BMI 25-29.9) persons may even totally
counterbalance—the risk of CVD as well as several other health hazards of overweight
and obesity, probably because a large part of overweight and obese individuals are
insufficiently physically active. It is clear that sufficient physical activity is an essential
factor in attaining and maintaining health and functional capacity at all ages, and without
sufficient physical activity all attempts to improve the health of the Europeans remain
deficient.
Rapidly increased scientific evidence indicates that complete sedentariness, especially
sitting, increases the risk of overweight and obesity, and of metabolic and cardiovascular
diseases even independently of PA. Thus, sedentariness is a domain of its own that has
to be tackled by efficient policies and actions.
Prevention of CVD through PA by increasing opportunities and motivation to participate
in it and by decreasing sitting during leisure time, in transport, and in occupational life
gives strong support also to other important societal goals such as fighting against
obesity, traffic congestion and accidents, air pollution, excess use of energy, and climate
change.
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