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1	 Introduction

Physical activity has a critical role to play in the prevention 
and treatment of cardiovascular disease across Europe. The 
human body evolved to be physically active, yet much routine 
bodily movement has been removed from our daily lives. This 
has been associated with many aspects of poor health. This 
report focuses on cardiovascular disease, but there are strong 
associations between physical inactivity and obesity, diabetes, 
poor mental health and some cancers.

This report presents a review of the role of physical activity in 
preventing and treating cardiovascular disease across Europe. It 
aims to provide a concise summary of recent knowledge, based 
on the most recent systematic reviews, meta-analyses and also 
scientific and policy summary statements.

This report is written primarily for policy-makers who have an 
influence on European or national-level policies influencing 
physical activity. It may also be of interest to members of the 
European Heart Network (EHN), whose work encompasses 
advocacy for policy change, support for cardiovascular patients, 
and funding research.

Finally, what is meant by the term ‘physical activity’? In 
this report the authors use the classic definition: any bodily 
movement produced by skeletal muscles that results in energy 
expenditure.1 This means that as well as sport and deliberate 
exercise, we are interested in the role of daily activities such as 
walking, cycling, climbing stairs, or active play and recreation.
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2	 Cardiovascular disease in Europe

The fifth edition of European Cardiovascular Disease Statistics, 
which was published in 2017 by the European Heart Network 
(EHN),2 showed that diseases of the heart and circulatory system 
remain the leading cause of mortality and a major cause of 
morbidity in Europe.

Mortality
	y Each year cardiovascular disease (CVD) causes 3.9 million 

deaths in Europe and over 1.8 million deaths in the 
European Union (EU).

	y CVD accounts for 45% of all deaths in Europe and 37% of 
all deaths in the EU.

	y The main forms of CVD are ischaemic heart disease (IHD) 
and stroke. IHD is the leading single cause of mortality in 
Europe, responsible for 862 000 deaths (19% of all deaths) 
among men and 877 000 deaths (20%) among women 
each year.

	y Stroke is the second most common single cause of death 
in Europe, accounting for 405 000 deaths (9%) in men and 
583 000 (13%) deaths in women each year.

Ischaemic heart disease
19%

Stroke
9%

Other CVD
12%

Stomach cancer
2%

Colorectal cancer
3%Lung cancer

6%

Other cancer
14%

Respiratory disease
7%

Injuries and poisoning
9%

All other causes
19%

Figure 1 Deaths by cause, males, latest available year, Europe (Wilkins 2017)2
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Figure 2 Deaths by cause, females, latest available year, Europe (EHN, 2017)2

Patterns
	y CVD is the main cause of death in men in all but 12 

countries of Europe and is the main cause of death in 
women in all but two countries.

	y Death rates from both ischaemic heart disease (IHD) and 
stroke are generally higher in Central and Eastern Europe 
than in Northern, Southern and Western Europe.

	y Within the EU, the proportion of all deaths due to CVD 
among men ranges from 23% in France to 60% in Bulgaria. 
Among women, the burden ranges from 25% in Denmark 
to 70% in Bulgaria.

	y Outside the EU, the CVD mortality burden varies from 24% 
in Israel to 59% in Ukraine among men, and from 25% in 
Israel to 75% in Ukraine among women.
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Figure 3 Age-standardised death rates from IHD, males, latest available year, Europe (EHN 2017)2

Figure 4 Age-standardised death rates from IHD, females, latest available year, Europe (EHN 2017)2

Rate per 100,000

under 135

135 – 187

187 – 250

250 – 500

over 500

Rate per 100,000

under 68

68 – 102

102 – 152

152 – 323 

over 323



6� Physical activity policies for cardiovascular health

Trends
	y Over the past 25 years, the absolute number of CVD cases 

has increased in Europe and in the EU, with increases in 
the number of new CVD cases found in most countries. The 
absolute increase is due to the ageing of the population.

	y In 2015, there were just under 11.3 million new cases of 
CVD in Europe and 6.1 million new cases of CVD in the EU.

	y Age-standardised CVD mortality is now falling in 
most European countries, including Central and 
Eastern European countries which saw considerable 
increases until the beginning of the 21st Century. Age-
standardisation adjusts crude mortality rates to remove 
the influence of different population age structures, and 
hence allows more meaningful comparisons to be made 
between countries and over time.

	y The reductions in CVD mortality rates that have been 
achieved over the past 50 years thanks to population-
wide interventions/behavioural changes (e.g. reduced 
hypertension due to a decrease in salt intake) and advances 
in treatment (e.g. new drugs to control high blood pressure 
and to lower cholesterol levels in the blood; arterial stents 
to treat heart attacks), are now slowing down. Suspected 
causes include the rising prevalence of obesity and 
diabetes along with the ageing of the population.

Morbidity
	y In 2015, more than 85 million people across Europe were 

living with CVD; 48% of cases (41.2 million) had occurred 
in males and 52% (44.1 million) in females.

	y The most prevalent cardiovascular conditions were 
peripheral vascular disease and IHD. Peripheral vascular 
disease accounted for 15.3 million cases (37% of all CVD) 
among males and for just over 21 million cases (48% of 
all CVD) among females, while IHD was responsible for 
almost 17 million cases (41% of all CVD) in males and just 
over 13 million cases (30% of all CVD) in females.

	y In 2015, CVD was the main cause of disability-adjusted life 
years lost in Europe, responsible for 64.7 million DALYs, or 
23% of the total.
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3	 Physical activity levels in Europe

Physical activity in adult populations
Physical activity (PA) can take place in various settings, including 
during transport, leisure activities in the community, at school, 
at the workplace and at home during daily life. Maintaining 
sufficient levels of physical activity is, however, becoming more 
and more difficult, as most daily environments have become 
more sedentary.3,4 Some types of physical activity are part of 
everyday living, such as active transport and activity at work, 
and these are highly dependent on the environment and 
political decisions. Other activities such as leisure activities 
and deliberate ‘exercise’ are based more on individual decisions, 
but these may also be influenced by policies and issues such 
as support from friends or family.

Most studies assess physical activity in adults by self-report, 
but over the past decade there has been an increase in the use 
of accelerometers to provide an objective measure of PA. The 
correlation between self-report and objective measures is weak 
and the methods give different types of information. World Health 
Organization (WHO) Regional Office for Europe and the European 
Commission have been assessing the promotion of PA in the 
EU member states through 23 indicators. Results are published 
regularly as ‘Physical Activity Factsheets.5,6 A direct comparison 
of physical activity levels between the 28 member states was not 
performed, because states use several different measurement 
instruments. Many national surveys have used their own national 
questionnaire, or International Physical Activity Questionnaire 
(IPAQ), or Global Physical Activity Questionnaire (GPAQ), or 
Eurobarometer data,7 but these are not directly comparable.

The first attempt to compare physical inactivity globally was 
done by WHO using IPAQ and GPAQ.8 Both questionnaires 
have since been used in many surveys, including several large, 
international surveys such as the World Health Survey,9 the 
Eurobarometer surveys,10 and the WHO STEPwise Approach 
to Noncommunicable Disease Risk-Factor Surveillance.11,12 
Mainly based on data from these questionnaires, WHO produced 
comparable estimates of insufficient physical activity in 122 
countries in 2008, and updated them for 2010 for 146 countries. 
Both sets of estimates were published in The Lancet Physical 
Activity Series13,14 and used to calculate the effect of insufficient 
physical activity on non-communicable diseases.15 However, in 
The Lancet Physical Activity 2016 Series, Sallis and colleagues 
noted that consistent data for trends in adult physical activity 
are still scarce.14 As a consequence, Guthold et al. updated 
previously published country, regional, and global estimates 
of adult prevalence of insufficient physical activity with new 
data and new methods, and estimated, for the first time, global 
and regional trends from 2001 to 2016.16

Guthold et al validated questionnaires against each other and 
adjusted for differences in their study of global insufficient 
physical activity levels – i.e. providing estimates of the 

prevalence of populations having activity levels below WHO 
guidelines.16 The study by Guthold et al standardised and 
pooled measurements from 358 population-based studies, 
which included almost 2 million participants worldwide. They 
compared the prevalence of insufficient physical activity from 
different regions of the world, including 20 European countries. 
The overall prevalence of physical inactivity was 28%, but the 
prevalence was higher for women (33%) than for men (23%). 
The prevalence for European countries was somewhat lower 
(23% for both sexes, 22% for men and 25% for women). This 
assessment of physical activity includes all domains or types 
of activity, even if the health benefits of leisure time physical 
activity and active travel may be greater than for occupational 
physical activity.17–19

Within Europe there is a large difference in the prevalence of 
physical inactivity between countries (see figures 5–10). Guthold 
et al reported a prevalence of 12% in Moldova and 40% in 
Serbia.16 Also, there is a trend for Nordic countries to be more 
active than countries in Southern Europe. The fact that physical 
activity varies greatly across countries, even within regions, 
suggests that the factors that influence inactivity lie mostly at 
the national, subnational, or community level, which is where 
policies are needed to increase physical activity.4

A concerning trend is that when considering total activity (i.e. 
occupational as well as transport and leisure time activity), 
levels of inactivity increase with economic development.20 
Adults are less active in high-income countries than in low- and 
middle-income countries, a pattern suggesting that inactivity 
will rise as middle-income countries develop economically. 
These societal changes are well underway in many low- and 
middle-income countries and without mitigation, they will 
likely lead to further decreases in levels of physical activity. 
The prevalence of insufficient physical activity in high-income 
countries was more than double the prevalence in low-income 
countries in 2016.16 The prevalence increased over time in high-
income countries, from 32% in 2001, to 37% in 2016, whereas it 
was stable in low-income countries, at 16% in 2001, and 2016.16

Between 2001 and 2016, levels of insufficient physical activity 
have decreased only marginally and insignificantly, with a 
global prevalence of 28% in 2001. Women were less active than 
men, with a prevalence difference of 6% between sexes in 2001 
(26% for men, and 32%,or women), and of more than 8% in 2016 
(23% for men, and 32% for women; figures 1 and 2 in Guthold et 
al.16). Data is not available to describe specific European trends.

Figures 5–10 are constructed from data from the WHO Global 
Health Observatory. The prevalence estimates are adjusted for 
age and the questionnaire used.16 Data was kindly provided by 
the WHO Global Health Observatory. Countries not included in 
the figures have not provided data to the WHO Global Health 
Observatory.



Figure 5 Insufficient Physical Activity in EU countries (both sexes) Guthold et al 201816
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Figure 6 Insufficient Physical Activity in EU countries (males) Guthold et al 201816
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Figure 7 Insufficient Physical Activity in EU countries (females) Guthold et al 201816

Figure 8 Insufficient Physical Activity in non-EU countries (both sexes) Guthold et al 201816
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Figure 10 Insufficient Physical Activity in non-EU countries (females) Guthold et al 201816
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Physical activity in children and 
adolescents (5–17 years)
Physical activity levels in children have been assessed in many 
countries using self-report. This data can provide information 
on types of physical activity, such as sports and active travel, 
but children have poor recall of the amount of moderate 
intensity activity, and it is therefore difficult to quantify 
and determine if they fulfil physical activity guidelines of 60 
minutes of moderate to vigorous physical activity (MVPA) per 
day. It is also difficult to compare physical activity levels in 
different countries using self-report.

The two most comprehensive sources of data for adolescent 
physical activity levels are the Global School-based Student 
Health Survey (GSHS)21 and the Health Behaviour in School-
aged Children (HBSC) survey.22 With publicly available data from 
HBSC reports, Hallal et al. estimated the prevalence of 13 to 
15-year-old adolescents in 38 European countries of mostly low 
and middle income reaching the public health goal of 60 minutes 
per day or more of moderate to vigorous physical activity.13 The 

European data is close to the international average. Globally, 
80.3% of 13 to 15-year-olds do not accumulate 60 minutes of 
moderate to vigorous physical activity per day. Girls are less 
active than are boys. Estimates of insufficient physical activity 
were much higher than were those reported in adults mainly 
because official guidelines for the physical activity children 
should engage in is 60 minutes of MVPA per day.13 Quantification 
of physical activity is best done by objective measurements, 
such as accelerometers. Cooper et al described levels in children 
from 20 studies using the International Children’s Accelerometer 
Database (ICAD) (Figure 11 A and B).23 Boys were less sedentary 
and more active than girls at all ages. After five years of age 
there was an average cross-sectional decrease of 4% in total 
physical activity with each additional year of age, due mainly 
to lower levels of light-intensity physical activity and greater 
time spent sedentary. Physical activity varied between samples 
from different countries, with a 15–20% difference between 
the highest and lowest countries at age 9–10 (Figure 11 A) and 
a 26–28% difference at age 12–13 (Figure 11 B). However, only 
seven European countries were included in the analysis, and 
these showed an increasing trend of physical activity from south 
to north.

Figure 11 A: Average activity counts across selected countries. Level of physical activity at age 9-10
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Figure 11 B: Average activity counts across selected countries. Level of physical activity at age 12-13

The influence of physical activity 
assessment methods on guidelines 
and recommendations for health
The current physical activity guidelines and recommendations 
are based largely on repeated observations of physical 
activity and the development of various health outcomes in 
large numbers of people in population or epidemiological 
studies.24 Until recently physical activity in these studies has 
been assessed by various methods of reporting past or current 
activity, usually by the people themselves. These ‘subjective 
methods’ include several sources of potential inaccuracies and 
errors. Furthermore, different methods give different results, 
and it is difficult or impossible to make the results obtained by 
different methods comparable with each other. Despite these 
methodological challenges, reliable associations between a 
great number of health outcomes and physical activity have 
been gradually established and even quantified to express the 
dose-response relationship between the health outcomes and 
characteristics of physical activity.

Physical activity is increasingly being assessed by methods 
based on technological devices. These ‘objective’ methods give 

reliable information on various aspects of physical activity such 
as its distribution during the day, total duration and duration 
of episodes (bouts), intensity, and even the locations of the 
activity. Different methods give different results, but they can 
usually be calibrated against each other.

One major consequence of the change of physical activity 
assessment from reported to measured is that a number of 
dose-response associations of various aspects of physical 
activity with health outcomes may have to be determined once 
more. On the basis of the new studies,25 new guidelines and 
recommendations of various aspects of physical activity for 
various health outcomes will probably have to be constructed. 
Thus, there may be two sets of recommendations that are based 
on two ‘currencies’ of PA, estimated subjectively by self-report 
and measured objectively by devices. Both sets are valid, when 
the right currency of activity is used to obtain the desired health 
outcome. In some cases, there will be valid ways to exchange 
the currencies in order to obtain a given health benefit. The 
changes of the guidelines and recommendations will be gradual, 
but there remains a risk that this might lead to some confusion 
and misunderstanding among professionals and the public.
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4	 The importance of physical activity for 
primary prevention of cardiovascular disease

Role of physical activity in prevention 
of cardiovascular disease
The figures cited in the previous sections of this document show 
that cardiovascular disease (CVD) remains one of the leading 
causes of death, low functional capacity and poor quality 
of life in all European populations. The high prevalence of 
cardiovascular disease means that a high proportion of people 
across Europe are at risk of developing one or more of them 
during their lifetime. However, it is not possible to predict 
accurately which individuals will suffer from CVD. Therefore, 
everyone in Europe and all organisations and institutions 
created and maintained by European people have reasons to 
participate in the prevention of these diseases.

Cardiovascular disease is caused by gradual obstruction of the 
arteries by atherosclerotic processes. These can be deterred or 
prevented by many means, including physical activity.26 Strong 
scientific evidence from many studies in which large populations 
or population groups have been followed for many years shows 
convincingly that physically active people have a lower risk 
than physically inactive people for cardiovascular disease 
mortality and clinical events. These findings are based on just 
observing the participants of the studies without attempts to 
change their physical activity habits by interventions. The lack 
of intervention studies (such as randomised controlled trials) 
precludes direct proof that more physical activity is the cause 
of the lower risk. However, taken together the observational 
studies on the relationship between physical activity and 
cardiovascular disease meet well the criteria defined by Hill27 
on the causality between the exposure (physical activity) and 
the outcomes (cardiovascular disease). The strength of the 

associations is sizeable; similar association are found in studies 
conducted by different researchers on various populations in 
different parts of the world; the associations have been seen in 
specific populations at specific sites, and other explanations for 
the associations have been ruled out or are unlikely; physical 
activity has preceded the outcomes; the strength of many of 
the key associations depends on the physical activity dose; 
there are several biological mechanisms which offer plausible 
explanation for the association; the findings from the population 
studies are coherent with those from laboratory studies; similar 
associations are seen between physical activity and many other 
biological outcomes, and the associations disappear with time 
when physical activity decreases considerably or ceases. On 
these grounds it is justified to use the word ‘effect’ in many 
instances when we examine the relationships between physical 
activity and cardiovascular health outcomes.

On the basis of this strong evidence, physical activity is 
recommended for prevention of cardiovascular disease 
(CVD) as well as a great number of other diseases and their 
risk factors. Physical activity is beneficial when taken up at 
any age, but the maximum benefits accrue from a lifetime of 
being active. Specifically, it is recommended for cardiovascular 
disease prevention by the leading scientific organisations of 
the field including the European Society of Cardiology28 and 
the American College of Cardiology jointly with the American 
Heart Association.29 The most recent guideline, The Physical 
Activity Guidelines for Americans,30 give more general physical 
activity recommendations for a number of health conditions 
(Table 1). The evidence for these recommendations, however, is 
strongly based on the studies of the effects of physical activity 
on cardiovascular outcomes.
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Table 1 Physical Activity-Related Health Benefits for the General Population and Selected Populations Documented by the 2018 
Physical Activity Guidelines Advisory Committee (https://health.gov/paguidelines/second-edition/report/).

Adults, all ages 

All-cause mortality Lower risk

Cardiometabolic conditions 
Lower cardiovascular disease incidence and mortality (including heart disease and stroke) 
Lower incidence of hypertension
Lower incidence of type 2 diabetes

Cancer Lower incidence of bladder, breast, colon, endometrium, oesophagus, kidney, stomach, and lung cancers 

Brain health 

Reduced risk of dementia; improved cognitive function 
Improved cognitive function following bouts of aerobic activity
Improved quality of life
Improved sleep
Reduced feelings of anxiety and depression in healthy people and in people with existing clinical syndromes
Reduced incidence of depression

Weight status 

Reduced risk of excessive weight gain 	
Weight loss and the prevention of weight regain following initial weight loss when a sufficient dose of moderate-to-
vigorous physical activity is attained
An additive effect on weight loss when combined with moderate dietary restriction

Older adults 

Falls Reduced incidence of falls 
Reduced incidence of fall-related injuries

Physical function Improved physical function in older adults with and without frailty

Women who are pregnant or postpartum 

During pregnancy 
Reduced risk of excessive weight gain 
Reduced risk of gestational diabetes
No risk to foetus from moderate-intensity physical activity

During postpartum Reduced risk of postpartum depression

The key points recommending physical activity for primary 
prevention of cardiovascular disease in the 2016 European 
Society of Cardiology guidelines28 and in the American College of 
Cardiology/American Heart Association guideline29 are as follows:

European Society of Cardiology Guidelines

	y It is recommended for healthy adults of all ages to 
perform at least 150 minutes a week of moderate intensity 
or 75 minutes a week of vigorous intensity physical 
activity or an equivalent combination.

	y For additional benefits in healthy adults, a gradual 
increase of aerobic activity to 300 minutes a week of 
moderate intensity, or 150 minutes a week of vigorous 
intensity aerobic activity, or an equivalent combination is 
recommended.

	y Multiple sessions of physical activity should be considered, 
each lasting at least 10 minutes and evenly spread 
throughout the week – i.e. on 4 – 5 days a week and 
preferably every day of the week.

American College of Cardiology/American 
Heart Association Guideline

	y Adults should engage in at least 150 minutes per week 
of accumulated moderate-intensity or 75 minutes per 
week of vigorous-intensity aerobic physical activity (or 
an equivalent combination of moderate and vigorous 
activity) to reduce ASCVD (atherosclerotic cardiovascular 
disease) risk.

	y For adults unable to meet the minimum, engaging in 
some moderate- or vigorous-intensity physical activity, 
even if less than this recommended amount, can be 
beneficial to reduce ASCVD risk.

	y Decreasing sedentary behaviour in adults may be 
reasonable to reduce ASCVD risk.

Discussion of the physical activity guidelines

In the following section we examine and comment on these 
guidelines for two main reasons. First, scientific knowledge 
related to physical activity and health evolves continuously. 
Newly published studies may have caused some changes 
in the evidence base for some of the statements or at least 
for some wordings of the latest guidelines. This evidence 
should be considered, especially if it influences the content 
and wording of the advice on physical activity given to the 
public. Second, the content and tone of the messaging of the 
current guidelines has been criticised claiming that they are 
expert-driven, prescriptive, and health and threshold centred. 
It has been suggested that they imply that ‘one size fits all’ 
and that people are being told it is ‘all or nothing’. Finally, 
it has been claimed that the formulation of the guidelines 
is partly based on incorrect translation of the evidence.31 In 
this section we present the most recent published evidence 
of the characteristics of effective, feasible and safe physical 
activity for the primary prevention of cardiovascular disease. 
This can then be used as the basis for sufficiently flexible 
interpretation of the guidelines, and their application to the 
intended populations and conditions.

The scientific knowledge, published up to April 2018, on the 
association of physical activity with cardiovascular disease 
(CVD), especially on ischaemic heart disease and stroke 
(cerebrovascular disease) has been reviewed by Kraus et al.32 
The analysis combines the results of 33 studies that included 
1.68 million participants followed up on average for a period of 
12.8 years. The data show that the risk of death caused by CVD 
was 23% lower and the incidence of CVD (myocardial infarction, 
heart failure or stroke) was 17% lower in the participants who 
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met the recommended 150 minutes of moderate intensity 
aerobic physical activity per week compared to the physically 
inactive participants. The risk for various CVDs was very similar 
to CVD as a whole.33

The role of physical activity in preventing peripheral arterial 
disease, a condition that causes intermittent pain during 
effort in lower legs (intermittent claudication), has not been 
convincingly shown. However, a recent systematic review found 
that in cross-sectional studies the individuals with peripheral 
arterial disease were less physically active than those without 
this disease. More importantly, the findings from longitudinal 
studies showed that more intensive physical activity was 
associated with lower risk of developing peripheral arterial 
disease.34 One possible reason for the scarcity of evidence 
of the eventual preventive effect of physical activity on this 
atherosclerotic disease may be that in most mobile people the 
lower leg activity is sufficient for producing a preventive effect.

The importance of physical activity for primary prevention of 
CVD is emphasised by many aspects related to its effectiveness 
and its applicability.

First, the preventive effect of physical activity depends on 
its amount, intensity, frequency and duration in predictable 
ways. The pooled results of 13 studies show the relationship 
between the amount of aerobic physical activity and all-cause 
mortality. All the included studies showed similar inverse 
relationships between moderate-to-vigorous physical activity 
and all-cause mortality in a dose-response fashion. The meta-
analyses of Blond et al. (2019)19 and of Ekelund et al. (2019)25 
based on physical activity assessed by accelerometric methods 
show corresponding association between all-cause mortality 
and PA.

The dose-response between moderate-to-vigorous physical 
activity and CVD-mortality is very similar to that of all-cause 
mortality because most of the deaths in the populations of the 
included studies were caused by CVD.19 The curves show that the 
beneficial effect of physical activity begins with small amount 
of activity without any apparent lower threshold, and the effect 
increases steeply upon moving from the least active category 
to the next category of moderate-to-vigorous physical activity. 
There is no apparent upper threshold for the preventive effect of 
physical activity, but the risk reduction diminishes continuously 
at high volumes. There is no increased risk of death until the 
activity level of seven times the recommended amount.19 The 
risk-reducing effect of physical activity was observed similarly 
in women and men, and in participants of different races and 
in different BMI (body mass index) categories.

Also the dose-response relationship between moderate-to-
vigorous physical activity and the development of ischaemic 
heart disease shows the same type of dose response 
relationship as described above.19,35 It can be seen that the 
risk of developing ischaemic heart disease begins to decrease 
without any lower threshold of leisure time physical activity, and 
those participating in moderate-intensity physical activity at the 
lower limit of the recommended amount had a 14% lower risk of 
developing ischaemic heart disease compared to the physically 
inactive participants. Those engaging in the equivalent of 300 

minutes per week of moderate-intensity physical activity had a 
20% lower risk. The risk continues to decrease with increasing 
amount of physical activity with no upper limit. However, it is 
interesting to note that there is less gain in health at the higher 
levels of activity compared to an increase in the low end of 
physical activity. The effect of physical activity on ischaemic 
heart disease incidence was stronger for women than for men, 
but there were no differences in this effect in the different BMI 
categories.

Physical activity decreases the events of ischaemic stroke 
caused by atherosclerosis of the brain arteries in the same 
curvilinear dose-response fashion as for cardiovascular disease 
mortality, but the effects for stroke are less than for ischaemic 
heart disease at both low and high amounts of physical 
activity.36 In the 26 studies included, the physically highly active 
participants had 26% lower risk of an ischaemic stroke event 
compared with the physically inactive participants.

The association of strength or resistance training with all-cause 
and CVD mortality is scarcely studied. A study on around 28 900 
elderly women followed up for 12 years found that strength 
training showed a J-shaped association with all-cause and 
CVD mortality independent of aerobic activity.37 Thus strength 
training up to about 150 minutes a week was beneficial for 
longevity, but any potential risk with more than about 150 mins/
week of strength training in older women should be further 
investigated.37 Women who engaged in both aerobic activity 
and strength training had a lower all-cause and CVD-specific 
mortality than those women who engaged in aerobic activity or 
strength training alone. Another study on around 12 600 middle-
aged participants followed up for 5.4 or 10.5 years found that 
even once or less than one hour a week of resistance exercise, 
independent of aerobic activity, was associated with reduced 
risk of CVD and all-cause mortality.38

On the basis of current evidence it seems justified to agree 
with the comments of Handy and Blaha (2017)39 that the 
benefits of strength training on all-cause or CVD-mortality 
are still up for debate, and whether it is important in CVD is 
still an unanswered question. However, it is reasonable to 
continue to recommend that healthy people engage in small 
amount of strength training because of its beneficial effects 
on some cardiovascular risk factors and other health-related 
outcomes, especially in combination with aerobic physical 
activity. Currently, strength training is recommended for heart 
disease prevention by the American Heart Association40 and 
the National Comprehensive Cancer Network guidelines, 
although not by many other societies and organisations.

The effect of physical activity on the risk of heart failure was 
analysed by Pandey et al41 in 12 studies on 370 460 participants 
who were followed on average for 13 years. Physical activity 
decreased the risk of heart failure events significantly but 
only by 10% in those engaged in the recommended amount 
of activity compared with the inactive participants. The risk 
reduction was 19% in individuals who engaged in physical 
activity at twice the recommended level, and 35% in those 
at four times the minimum recommended levels. In another 
meta-analysis including 10 studies the relative risk of incident 
heart failure was 28% lower in the most active women and men 
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as compared with their least active counterparts.42 In women 
aged 50 to 79 the amount of physical activity in general and 
the amount of walking were inversely and in dose-response 
fashion related to the risk of various forms of heart failure.43

The potential of physical activity as a measure to prevent 
cardiovascular disease is strengthened by the following facts:

	y Even low volumes of leisure time physical activity 
decrease the risk of cardiovascular deaths as described 
above. This effect is seen especially in people over 65 
years of age.44–45 The effect is larger if part of the activity is 
vigorous instead of moderate.46

	y Even light physical activity decreases the risk of 
cardiovascular disease including ischaemic heart 
disease, at least in women,47 and light-intensity physical 
activity is associated beneficially with cardiovascular 
risk factors such as obesity and markers of lipid and 
glucose metabolism.48 Thus, all physical activity in daily 
life may play a role in the prevention of CVD in people 
of retirement age and above. Moreover replacing sitting 
with light-intensity activity may provide significant health 
benefits. However, increasing the proportion of higher 
intensity activity increases the risk reduction.49

	y The same amount of moderate-to-vigorous physical 
activity taken in bouts or in a sporadic pattern was 
similarly related to mortality risk as continuous activity,50 
51 and accumulating 150 minutes per week moderate-
intensity physical activity in bouts greater than a 
minute or in bouts greater than 10 minutes decreased 
cardiovascular risk by a similar amount.50 Thus, the 
current evidence supports the notion that physical 
activity of any duration is associated with improved 
cardiovascular health outcomes.52 This view is supported 
by a recent meta-analysis that compared the effects 
of continuous and accumulated exercise on a number 
of cardiovascular risk factors. The results showed that 
adults are likely to accrue similar health benefits from 
exercising in a single bout or accumulating the same 
amount of activity from shorter bouts throughout the 
day.53 Thus, physical activity performed in short bouts 
is also worth promoting and performing.54 It is also 
worth noticing that for older people domestic chores, for 
example, include bouts of activity that are of moderate 
or even vigorous intensity in relation to their capacity 
and thus sufficient to bring health benefits.55 The 
flexibility offered by the short bouts of activity may be 
particularly valuable for the least active and for those 
with high risk or existing chronic conditions.

	y Even infrequent physical activity (once or twice a week) 
reduces the risk of cardiovascular disease: vigorous 
physical activity once a week decreased the risk of heart 
disease by 20% and moderate-intensity activity the risk 
of stroke by 17%.56 Physical activity once or twice a week 
(e.g. over the weekend) decreased the risk of all-cause 
mortality57 and cardiovascular mortality risk similarly 
to regular (at least three times a week) physical activity 
whether or not the volume of activity was sufficient to 
meet the recommended amount.58

	y In people older than 60 – 65 years of age recent physical 
activity levels are more strongly associated with a number 
of health variables59 and recent activity is a stronger 
indicator of subsequent cardiovascular mortality risk60 
than physical activity in the past. Thus, it is not too late 
to engage in physical activity even in late life in order to 
improve health and decrease cardiovascular risk.

	y Physical activity in all domains (leisure time, transport, 
domestic and occupation) decreases the risk of 
CVD mortality and events.33,36,61 However, the type, 
patterns, intensity and daily and long-term duration 
of occupational physical activity, and consequently its 
health-related effects, vary widely,62,63 and especially 
intense occupational physical activity has not been found 
to be protective against CVD but to increase the risk.64–66

	y All commonly practiced physical activities, especially 
walking,49,67,68 running69 and cycling17 reduce the risk of 
CVD, but evidence of the effectiveness of a large number of 
sports is lacking.70,71 However, this is mainly due to lack of 
adequate research on this issue, and absence of evidence 
is not evidence of absence. It is reasonable to state that any 
mostly aerobic activity that meets the physiological criteria 
of effectiveness reviewed above decreases the risk of CVD.

	y Physical activity decreases the risk of CVD also in people 
who have elevated risk for these diseases due to genetic 
risk72,73 obesity35,74,75 or metabolic factors such as glucose 
intolerance.76

	y Physical activity, especially walking and cycling, meets 
the APEASE-criteria237 for public health measures to be 
promoted: affordability, practicability, effectiveness and 
cost effectiveness, acceptability, side effects/safety and 
equity, meaning that physical activity can be promoted by 
means that are affordable, practical, effective, acceptable, 
safe and equal to all parties involved.

Role of physical activity in prevention of 
cerebrovascular disease (stroke)

The two main types of cerebrovascular disease are ischaemic 
stroke, caused by obstruction of a brain artery due to 
atherosclerotic process, and hemorrhagic stroke due to the 
rupture of a cerebral vessel. About 85% of all strokes are 
ischaemic. Physical inactivity is an established risk factor of 
the ischaemic stroke but only indirectly associated with the 
risk of the hemorrhagic stroke by increasing the possibility of 
elevated blood pressure, the main risk factor for rupture of a 
cerebral vessel.

The relationship between physical activity and risk of stroke 
has been studied much less than that between physical 
activity and heart disease. The last published meta-analysis 
included 26 studies on ischaemic stroke.36 The risk for ischaemic 
stroke is generally 25% to 30% lower in the most physically 
active compared with the least active individuals,84,85 and the 
relationship between the amount of physical activity and risk 
of stroke shows the same type of curvilinear dose-response 
curve as for total or cardiovascular disease mortality. This effect 
appears to hold for leisure time, occupational, and transport 
activity including walking, and it is seen in women and men 
of different ages.
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More recent studies strengthen these findings and provide 
some new information. Thus, the protective effect of physical 
activity disappeared over 10 years when its amount decreased 
to lower than the recommended level.86 A large follow-up study 
found that the risk of stroke was 16% lower in the participants 
who engaged only once or twice a week in moderate-intensity 
physical activity as compared with inactive participants.87 
The same size of risk difference between active and inactive 
individuals was observed also in a recent meta-analysis 
that examined the relationship between physical inactivity 
and risk of dementia in 19 studies including over 400 000 
participants.88 Also in adults older than 75 years, a lower risk 
was associated with higher amount and intensity of leisure-
time physical active as well as with a higher pace and distance 
of walking.89 In another follow-up study that included nearly 
500 000 participants, higher amounts of both occupational 
and non-occupational physical activity were independently 
of each other related to lower risk of all major cardiovascular 
events including ischaemic and hemorrhagic stroke.90 In a 
European study including 65 000 participants physical activity 
was associated with reduced risk of death caused by seven 
major cardiovascular diseases including cerebrovascular 
events, and the protective benefits were apparent even at 
levels of activity below the current recommendations.91

Physical activity is found to be also associated with decreased 
risk of hemorrhagic stroke. In a prospective population-based 
study on around 65 500 participants the risk of hemorrhagic 
stroke decreased linearly with increasing leisure time and 
commuting activity in women and men, in all age groups 
and in participants with or without hypertension. However, 
participants with moderate and high occupational physical 
activity had an elevated risk of hemorrhagic stroke.92 Also in 
another study an increased risk of hemorrhagic stroke was 
associated with a large volume of daily physical activity that 
included a large portion of vigorous activity.85

As a whole, the cited studies strengthen the evidence regarding 
the protective effect of physical activity on the risk of stroke, 
and the findings corresponds well with those related to cardiac 
disease and physical activity.

Safety of physical activity 
and exercise training
Physical activity is a safe means for prevention of cardiovascular 
and many other common diseases. Aerobic physical activity 
practised in any mode within the recommended volume, 
frequency or intensity limits does not cause cardiovascular 
risks to healthy individuals. Increasing amounts of leisure 
time physical activity until at least seven times more than 
the generally recommended volume are associated with 
continuously decreasing risk of all-cause and CVD-mortality 
in general populations.19 This volume corresponds to 10–12 
hours of weekly vigorous activity such as running.

However, even larger volumes of activity at high intensities 
practised for many years as sports increase the risk of negative 
effects on cardiovascular health such as atrial fibrillation, 
myocardial fibrosis, hypertrophy of left ventricular wall, 
coronary artery calcification and sudden cardiac death.77–80 
Despite the increased risk of negative health effects caused 
by extremes of physical activity, the positive effects largely 

outweigh the negative ones as seen e.g. in the longevity of 
endurance athletes.77

Further, it is important to acknowledge that physical activity 
is known to trigger serious cardiovascular incidents including 
sudden cardiac death. This risk increases with the intensity of 
the activity and is higher in individuals who are unaccustomed 
to exercise and/or have low cardiovascular fitness. However, the 
risk of serious cardiovascular events during or immediately after 
physical activity and exercise training, including exercise-based 
cardiac rehabilitation, remains extremely low – well below 0.01 
per 10 000 participant hours. In most cases of exercise-related 
sudden cardiac death occult CVD, most often ischaemic heart 
disease is present and the death is typically the first clinical 
event. The risk of serious cardiac events in physical activity and 
exercise is much lower in fit and regularly active individuals 
than those who are less fit and sedentary.81,82

A thorough review by Mills et al.83 summarises the balance 
between cardiovascular and other benefits and risks on health 
of different modes of physical activity and exercise training 
as follows: it is apparent that the benefits of walking and 
running for the musculoskeletal, cardiovascular, respiratory, 
metabolic, endocrine and immune systems outweigh the 
risks of harm.83 Participation in multidirectional sports such 
as ball games includes substantial risks of sustaining an 
acute musculoskeletal injury. However, the more widespread 
biological benefits of multidirectional sports, especially in sub-
elite populations, mean that the benefits of participation in 
these sports do appear to outweigh negatives. The benefits of 
resistance exercise extend beyond the musculoskeletal system, 
with evidence of improvements in cardiovascular, respiratory, 
metabolic, endocrine and immune systems. However, it appears 
that many of these benefits are not realised if individuals are 
not working hard enough or if they participate too frequently. 
As long as individuals are well instructed and do not exceed 
recommendations for resistance training load, it appears that 
benefits far outweigh potential harms.

Population attributable risk (PAR)
PAR is the theoretical number of cases which could be avoided if 
everyone had the optimal level of the risk factor. This is of course 
not realistic, but it shows the potential for prevention, and it 
makes it possible to compare different risk factors in order to 
prioritise when creating prevention strategies. It is calculated 
from the prevalence of people at risk and the increased risk 
these people have compared to those non-exposed (the relative 
risk (RR)). For a risk factor such as smoking, it is calculated how 
many CVD deaths had been saved if all had been ‘never-smokers’. 
However, published calculations of PAR for physical activity 
normally uses PA-guidelines as reference, and as described 
above this level is not the optimal risk level. Risk decreases 
further with higher levels of physical activity.19 In order to 
compare PAR for different risk factors, calculations should 
be done with the lowest risk groups as reference. Using this 
approach we found a PAR of 23.3% for physical inactivity from 
the meta-analysis of Blond et al.19 This is comparable for what 
has been reported for smoking.93 It is unrealistic to expect all 
people can achieve this risk level, and more realistic scenarios 
are therefore often calculated such as a certain percentage of the 
population at risk improves from sedentary to moderately active.
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Mechanisms of action of physical activity
Atherosclerotic cardiovascular disease, ischaemic heart disease, 
cerebrovascular disease (stroke) and peripheral arterial disease, 
develop gradually during many decades. The basic pathological 
change leading to the symptoms and clinical events is the 
development of plaques inside the arteries. The plaques develop 
especially at sites where the blood flow is disturbed due to 
elevated blood pressure, for example. The plaques decrease the 
blood flow to the heart muscle, the brain, or other organs, such as 
the muscles of the lower legs. When a plaque or group of plaques 
grow to obstruct half of the diameter of the coronary artery, blood 
flow to the heart decreases so much that the heart muscle does 
not get enough oxygen especially when its demand is increased, 
e.g. during physical activity. The consequences are pain in the 
chest, angina pectoris, and decreased pumping ability of the 
heart leading to laboured breathing (dyspnea) and decreased 
working capacity. The plaque can also break, parts of it can tear 
away to the blood stream, or the plaque can cause a lesion in 
the arterial wall. In all cases blood clots (thrombosis) develop at 
these sites, the lumen of the artery is obstructed, and the blood 
flow in this artery can cease totally, resulting in damage of the 
heart muscle (myocardial infarction) or disturbances of the heart 
rhythm including cardiac arrest and death. Similar processes can 
take place in the arteries of the brain or lower extremities leading 
to ischaemic stroke or intermittent claudication.

Many theories have been proposed to explain the development 
of the plaques in the coronary and other arteries. The current 
leading theory highlights the key role played by fats, especially 
so-called low-density lipoprotein or LDL-cholesterol. A major 
mechanism in the plaque development is accumulation of LDL-
cholesterol in the arterial wall. If the amount and blood content 
of LDL-cholesterol is low, as it is in some small exceptional 
populations, arterial plaques do not develop. The higher the 
LDL-content, the greater the risk of arterial atherosclerotic 
disease. Therefore, one of the key targets in the prevention of 
these diseases is to keep the cholesterol content of the blood 
low, mainly through diet or drugs.

Quite recently the role of another factor, permanent low-
grade inflammation in the arteries, has been emphasised. The 
inflammation takes place in the cholesterol-filled plaques 
leading to the development of thrombosis that obstruct the 
blood flow in the artery. This low-grade inflammation can 
be decreased by a drug, and the result is decreased risk of 
clinical events such as myocardial infarction.94 Thus, it seems 
that atherosclerosis is an inflammatory disease elicited by 
cholesterol accumulation. This means that both LDL-cholesterol 
and inflammation play key roles in the development of 
atherosclerotic diseases.

A third factor, the inner surface layer of all arteries, veins and 
capillaries called the endothelium, has an important part 
to play in the development and expression of coronary and 
other arterial diseases. Endothelium is a highly metabolically 
active organ that is adaptive, flexible, and critical to many 
physiological processes. Endothelium functions as a partial 
barrier between the arterial lumen and arterial wall controlling 
the passage of materials and cells into and out of the arterial 
blood flow. In this way endothelium protects the artery against 
harmful factors. Endothelium normally prevents thrombosis, 
development of blood clots inside the arteries. Endothelium has 
an important function in the control of the diameter of the artery, 

vasoconstriction and vasodilation that influence the blood 
flow and blood pressure in the artery. Further, endothelium 
takes part in formation of new blood vessels (angiogenesis) 
and in repairing damaged or diseased tissues. One result of 
the functions of healthy endothelium is decreased risk of 
atherosclerotic plaque formation.

Endothelial functions can be maintained at a normal level or 
be improved by a range of factors: regular physical activity; a 
diet high in fruits and vegetables and omega-3 fatty acids and 
low in cholesterol; maintaining healthy weight; not smoking; 
and avoiding stress and sleeping sufficiently. Endothelium 
can become dysfunctional meaning that one or more of its 
functions get disturbed or ceases to operate. Endothelial 
dysfunction is characterised by a shift in the actions of the 
endothelium towards reduced vasodilation, a proinflammatory 
state, and properties favouring development of thrombosis. 
Endothelial dysfunction can be caused by several factors 
such as obesity, smoking, sleep deprivation, acute microbial 
infections, high glucose intake and air pollutants. Endothelial 
dysfunction is associated with most forms of cardiovascular 
disease, such as hypertension, ischaemic heart disease, 
chronic heart failure, peripheral vascular disease, diabetes, 
chronic kidney failure, and with severe viral infections. In 
the context of this review, it is important to point out that 
endothelial dysfunction is one of the first phenomena in the 
development of atherosclerotic plaques.95

The potential effects of physical activity for primary and 
secondary prevention of ischaemic heart disease can be 
examined according to the outline below. The preventive effects 
of physical activity are most thoroughly studied in relation to 
ischaemic heart disease. Some of these effects are seen also 
in cerebral and peripheral arteries and in their functions. All 
listed effects are based on strong or at least moderate evidence, 
but the effects that can be seen at an individual level depend 
strongly on the individual characteristics such as age and risk 
factor profile and on the characteristics of the physical activity.

Potential preventive effects of physical activity on ischaemic 
heart disease include

	y Effects on the development of the atherosclerotic plaques

	y Effects on the vasculature and blood circulation of the heart

	y Effects on the metabolism of the heart

	y Effects on the autonomic regulation of the heart

	y Effects on other organs and tissues

Effects of physical activity on the development of the 
atherosclerotic plaques. As discussed above, the risk and extent 
of the plaque development is increased by several factors: high 
blood LDL- and low HDL (high-density lipoprotein)-cholesterol 
(hyperlipidemia); high blood glucose (hyperglycemia); 
decreased sensitivity of muscular and other tissues to the effect 
of insulin in the up-take and use glucose from blood (insulin 
insensitivity); diabetes; elevated blood pressure (hypertension); 
overweight and obesity (especially visceral obesity in which 
much of the fat is stored around and within the intra-abdominal 
organs); smoking; low cardiorespiratory fitness; and physical 
inactivity. Further, the risk of plaque development is increased 
by dysfunction of the endothelium of the coronary arteries and 



Physical activity policies for cardiovascular health� 19

by low-grade inflammation. All of these factors can be decreased 
or even eliminated by appropriate physical activity, particularly 
by systematic exercise training.96–98 It is worth noting that for 
obese people physical activity has a positive influence on 
several risk factors, also without loss of weight.98 This indicates 
the importance of physical activity for obese people, which 
might aim to increase cardiovascular fitness and reduce risk of 
CVD, without necessarily helping to reduce body weight.

Effect of physical activity on plaque regression. Some studies 
in the 1990s provided suggestive evidence that intensive 
long-term exercise training can lead to regression of the 
atherosclerotic lesions in the coronary arteries. However, in 
the light of the accumulated and partly conflicting findings it 
has been concluded that the degree of the regression of the 
coronary artery stenosis seems to be almost negligible and most 
likely does not explain the massive improvement in myocardial 
blood flow as a result of exercise training in ischaemic heart 
disease patients.97

Effects on the vasculature and blood circulation of the heart. 
Regular exercise improves the endothelial function of the 
coronary arteries that allows their increased dilation when more 
blood is needed to the heart muscle as during exercise thus 
increasing functional capacity. Regular exercise training also 
induces transformation of the capillaries and other myocardial 
vessels to larger small arteries. These changes decrease the 
resistance to and allow augmented blood flow within the heart 
muscle without increase of stress on the vascular wall. These 
changes are seen especially in patients with ischaemic heart 
disease, and the effects decrease the risk of cardiac events such 
as myocardial infarction.97,98 Although exercise training leads to 
increased formation of collateral vessels, current evidence is not 
sufficient to conclude that exercise training leads to a clinically 
significant increase of collateral blood flow.97

Effects on the metabolism of the heart. Exercise increases 
the number of new mitochondria in the heart muscle and 
their ability to oxidise fatty acids. This adaptation increases 
the capacity of the heart muscle to produce energy for the 
contractions, and after ischaemia in cardiac patients the 
injury of the heart muscle is reduced and the risk of cardiac 
dysfunction and death are decreased.98,99

Effects on the autonomic regulation of the heart. Decreased 
heart rate and lower blood pressure at rest and at each level 
of physical activity as a result of exercise training in both 
healthy individuals and in cardiac patients are some of the 
early findings of exercise physiology. The lower heart rate 
also enables enhanced diastolic coronary artery blood flow 
due to the shorter time of compression of the arteries inside 
the heart wall. This leads to a ‘double benefit’, given that the 
combined result of the lower heart rate and blood pressure 
means that the cardiac load and oxygen demand of the heart 
muscle are decreased at each workload. In ischaemic patients 
the lower cardiac load may lead to less ischaemia and anginal 
pain and may decrease the risk of arrhythmias. These effects 
are reflections of the increased vagal activity and decreased 
sympathetic tone caused by exercise training.99

Effects on other organs and tissues. Exercise increases 
the number of mitochondria and thus capacity for energy 
production in skeletal muscles and in adipose tissues in 

the same way as in the heart muscle. Skeletal muscles can 
produce and secrete substances called myokines that mediate 
communication between organs such as muscles, liver and 
adipose tissue. The protective effects of exercise, such as the 
anti-inflammation and angiogenic effects, are partly mediated 
by myokines.98,99

Sedentary behaviour
Sedentary behaviours are defined as those which involve being 
in a sitting, reclining or lying posture during waking hours, 
undertaking little movement or activity and using little energy 
above what is used at rest. In other words, being physically 
inactive. Research over the past few decades has provided 
increasing evidence that sedentary behaviour, especially time 
spent sitting, is associated with all-cause and cardiovascular 
mortality, and it is a risk factor for many outcomes of poor 
health.100,101 The CVD mortality risk related to sedentary 
behaviour is greatest among the least physically active 
people, the risk decreases gradually with increasing amount 
and intensity of physical activity and the risk is abolished in 
the most active people.102 Therefore, it is advised to minimise 
the amount of time spent sedentary and to break up extended 
periods by at least some light physical activity.103 However, the 
current scientific evidence is not sufficient to make specific 
recommendations on the time limit or a minimum threshold 
of sedentary time.

Conclusion
Physical activity and particularly systematically practised 
exercise prevents or deters the development and progress of 
ischaemic heart disease and stroke and other cardiovascular 
disease by many scientifically proven biological mechanisms. 
It is not known precisely which aspects of physical activity lead 
to optimal preventive effects. However, it is safe to state that 
overall the amount, intensity, frequency, type and patterns of 
physical activity that meets the current guidelines is needed 
and is sufficient to bring a major part of the potential benefits 
produced by most of these mechanisms. Furthermore, it is clear 
that people who are (or have been) less physically active will 
benefit more from low amounts of physical activity.
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5	 Children, young people and 
cardiovascular disease

Introduction
Physical inactivity is associated with atherosclerotic 
cardiovascular disease (CVD), type 2 diabetes, and many other 
diseases. Physical inactivity has also been linked with a number 
of biological risk factors for these diseases, such as hypertension, 
hyperlipidemia, and insulin resistance. These diseases are not 
usually manifested in children and young people , (0–17 years) 
but precursors of atherosclerosis such as fatty streaks in the 
arteries can be seen in children and the degree of atherosclerotic 
precursors is related to the level of CVD risk factors.104,105

No studies have examined the progression of atherosclerosis from 
childhood until clinical manifestations in adults, thus the exact 
importance of this early atherosclerosis is not known. However, 
studies have found associations between physical inactivity and 
arterial stiffness and intima-media thickness.106,107 Clustering of 
CVD risk factors (high levels of several risk factors in the same 
child) is apparent already at the age of nine108 and it is associated 
with physical inactivity109 and low fitness.110 Therefore, even if 
clinical evidence for the long-term effect of a sedentary lifestyle 
is lacking, it is considered as poor health when many CVD risk 
factors are elevated in the same child over time. Further, it is 
possible and simple to assess children for a poor cardiometabolic 
state,111 and interventions have shown that it is possible to 
improve CVD risk factors.112

Current guidelines from WHO, 5–17 
years old children (WHO 2010)
For children and young people of this age group physical activity 
includes play, games, sports, transportation, recreation, physical 
education or planned exercise, in the context of family, school, 
and community activities. In order to improve cardiorespiratory 
and muscular fitness, bone health, cardiovascular and 
metabolic health biomarkers and reduce symptoms of anxiety 
and depression, the following are recommended113:

	y Children and young people aged 5–17 should carry out 
at least 60 minutes of moderate- to vigorous-intensity 
physical activity daily.

	y Physical activity of duration greater than 60 minutes daily 
will provide additional health benefits.

	y Most of daily physical activity should be aerobic. Vigorous-
intensity activities should be incorporated, including 
those that strengthen muscle and bone, at least three 
times per week.

Comments on guidelines for children
Recent studies have questioned the concept of merging moderate 
and vigorous physical activity into one level giving all minutes 
above the lower cut-point for moderate intensity the same weight. 
The lower cut-point for moderate physical activity compares to 
walking with a speed of 4 km/h. This intensity of physical activity 
is very low for an apparently healthy child, and new research 

has shown that intensity matters. Aadland et al. developed 
new methods, which enabled them to analyse the importance 
of intensity of physical activity.114–116 The lower intensities of 
moderate intensity physical activity did not explain any variance 
in CVD risk factors. The association between CVD risk factors 
and physical activity was strongest for the vigorous activity. This 
is hardly surprising giving the observed effect of interventions 
in children, which usually consist of quite high-intensity 
physical activity. The observation may impact international 
recommendations if the analysis is confirmed by other studies.

Habitual physical activity among young people is usually 
sporadic and with lower intensity. One type of habitual physical 
activity, which has been studied in recent years, is active travel, 
walking and cycling. Observational studies have shown higher 
cardiorespiratory fitness (CRF) and better metabolic risk profile 
(MetS score) in children who cycle to school.117–119 A MetS score 
is a composite score of CVD risk factors, which is constructed as 
the mean of standardised risk factors.109 Risk factors included 
are usually those defined by metabolic syndrome and often 
CRF is also included. The longitudinal development of CVD 
risk factors and CRF is also diminished in children cycling to 
school.119,120 Many of the children cycled not much more than 
1 km to school, but the mean fitness of all the children cycling 
to school was still around 9% better than children walking or 
using passive transport. A plausible explanation for the quite 
marked effect of cycling to school is that the activity is frequent: 
the trip is twice a day, five days a week. These observational 
studies have later been supported by a randomised trial of 
cycling to school.112 In this trial, non-cycling children living 
more than 1 km from school were randomised to control or 
cycling groups. The intervention group improved on average 0.6 
standard deviation in each risk factor after just eight weeks of 
commuting compared to the control group. It is very interesting 
that even a quite low, but frequent dose of physical activity, 
which can be integrated into everyday living, has measurable 
effects on cardiovascular risk factors in children. There is some 
health effect of walking, but it is less than that for cycling in 
both adults and children.121,122

Recently, several studies have attempted to increase physical 
activity during academic school lessons. This approach is 
promising, because children need to participate and the activity 
is teacher-led. Most of these interventions used executive 
function or academic performance as outcomes, but a few 
also assessed CVD risk factors as secondary outcomes.123 The 
effects of the interventions on CVD risk factors depends on how 
successful the implementation of the extra physical activity has 
been and varies between no effect and an effect size of one 
standard deviation. One standard deviation is approximately 
6 mmHg for blood pressure, 0.4 mmol/l for glucose, 0.7 mmol/l 
for total cholesterol, 0.4 mmol/l for triglycerides, 2.5 kg/m2 for 
BMI and 7 ml/min/kg (or 15%) for aerobic fitness.109

In conclusion, contrary to what has been emphasised 
previously,124 structured training is not the only way to improve 
cardiorespiratory fitness (CRF) and CVD risk factors in children. 
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Habitual physical activity such as commuter cycling can 
improve CRF and CVD risk factors even in healthy children with 
a relatively high CRF level. Intensity of these activities may be 
important, because cycling is more effective than walking to 
improve CVD risk factors, but even walking may have an impact, 
for example on the risk of obesity in children.121

Which children have increased risk?
It is possible to identify children with increased CVD risk factor 
levels. The most commonly used tool is a composite CVD score 
constructed as the mean of standardised CVD risk factors. A high 
score indicates clustering of CVD risk factors.111 Most of these 
children are insulin resistant. From a technical point of view the 
idea of screening in schools could be defended, especially as 
the recommended treatment is counselling and exercise, with 
few or no side effects. However, to take blood samples from all 
schoolchildren should not be recommended. Screening based 
on non-invasive measures such as an aerobic fitness test and 
waist-height ratio has shown high specificity and sensitivity 
against the IDF definition of metabolic syndrome for children, 
and adding systolic blood pressure improves the screening.111,125 
Further, prevention is possible in children on a population level, 
because school-based changes can include all children and 
can be decided at a national level. Interventions can also take 
place within families, as parents obviously have an interest in 
the health of their children.

The International Diabetes Federation has suggested a definition 
of metabolic syndrome for children.126 However, many more 
children have clustered CVD risk than the number diagnosed 
with metabolic syndrome according to this definition. Clustered 
CVD risk is here defined as a condition where the risk factors 
included in the metabolic syndrome are not independently 
distributed in the population, but some children have elevated 
levels in many risk factors simultaneously compared to their 
peers. Often cardiorespiratory fitness is also included, because 
it is associated with other risk factors such as lipids and blood 
pressure and even stronger than fatness.111 In European children 
it has been shown that 10–15% of children had clustering of 
CVD risk factors,108 but less than 0.5% fulfilled IDF criteria.127 The 
IDF criteria therefore only select a small fraction of the children 
who have a metabolic health problem resulting in elevated CVD 
risk factor levels.

Conclusion
Clustering of CVD risk factors is apparent in children as young 
as 8–9 years. A simple fitness test and a measurement of their 
waist circumference and body height can, with good accuracy, 
identify children with an adverse CVD risk factor profile with 
the aim of improving their lifestyle.
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6	 The importance of physical 
activity for secondary prevention 
of cardiovascular disease

Secondary prevention and rehabilitation
This chapter focuses on the effects, effectiveness and safety of 
physical activity and especially systematic exercise training as 
parts of secondary prevention and rehabilitation of ischaemic 
and other cardiovascular diseases (CVDs), stroke and lower leg 
arterial disease. The need, uptake, organisation and necessary 
measures to increase the availability and use of cardiac and 
stroke rehabilitation in general are dealt with in a recent paper 
from the European Heart Network (http://www.ehnheart.org/
patients/papers/1166:.html).

Secondary prevention aims to decrease the progression of an 
existing CVD and to decrease its effects on the physical, mental 
and social health, functioning and well-being of the people 
with these diseases. Secondary prevention has an important 
role in the management of cardiovascular disease for three 
main reasons.

First, the progression of the disease processes in the 
cardiovascular system continues after the appearance of 
the symptoms and clinical events resulting in a high rate of 
recurrent events and death among the patients.128 Therefore, 
secondary prevention should be a lifelong process for all 
individuals with CVD.

Second, the physical, mental and social harms caused by these 
diseases are a great burden to the patients and need to be 
decreased or abolished by individually planned and applied 
measures. These needs are greatest immediately after the clinical 
event and during the following months. At this stage cardiovascular 
rehabilitation is the most appropriate way of providing the 
necessary secondary preventive measures. Cardiovascular 
rehabilitation is a category of secondary prevention that can 
be defined as a multi-factorial and comprehensive intervention 
designed to limit the physiological, psychological and social 
effects of cardiovascular disease, manage symptoms, restore 
functions, and reduce the risk of future cardiovascular events.128

Third, people with cardiovascular disease in many cases tend 
to reduce their physical activity, leading to the increased risk 
of development of other conditions such as obesity, diabetes, 
osteoarthritis and depression. Many of these conditions are 
highly prevalent in people with CVD.

Physical activity

The effects on health, function and well-being of physical 
activity in persons with known cardiovascular disease have 
been studied much less than the effectiveness of physical 
activity in primary prevention. Further, the effects of physical 
activity are difficult to discern from those caused by drugs 
and other treatments used by most patients. However, an 
increasing number of studies show that the risk of recurrent 
clinical events and death is smaller among the physically active 

compared with the inactive participants with ischaemic heart 
disease,129–133 with both ischaemic heart disease and diabetes134 
or after percutaneous coronary intervention.135 The relationship 
between physical activity level and risk of cardiovascular events 
shows similar features in subjects with cardiovascular disease as 
in healthy subjects: the difference in relative risk is seen already 
between sedentary and somewhat active participants,130 the risk 
reduction for a given increase in physical activity is larger at low 
than high levels of physical activity and larger between lower 
than higher risk participants,130 the risk reduction continues to 
high levels of physical activity,129,130 but may again increase at 
very high levels of activity,129 and the risk changes inversely to 
physical activity changes.76,136,137 These observations have been 
made in women and men of different ages.

In practical terms the findings described above suggest that 
individuals with cardiovascular disease can decrease the risk of 
an unfavourable course of their disease by becoming physically 
active or by increasing their activity and maintaining it. This 
behaviour may benefit mostly those who are sedentary and 
have a high risk of their disease worsening.

Exercise-based cardiac rehabilitation

Exercise is a critical component of secondary prevention of 
cardiovascular disease and is a core aspect of rehabilitation. 
Medically supervised exercise training is one of the core 
components and often the main component of cardiac 
rehabilitation especially in phase II, 128,138 when the patient has 
been discharged from the hospital (phase I) and has become 
ambulatory. After phase II rehabilitation continues as phase III, 
which in practice is continuing secondary prevention.

Traditionally the main aim of cardiac rehabilitation has been 
to prevent the recurrence of cardiovascular clinical events and 
death. A number of systematic reviews and meta-analyses have 
analysed and summarised the clinical effects of rehabilitation 
in several cardiovascular conditions, particularly in ischaemic 
heart disease. As in secondary prevention in general, in 
rehabilitation the effects of the exercise training alone are 
difficult to discern from the effects of the other components. 
This notion is supported by the analyses showing that exercise 
training is a key component of cardiac rehabilitation in terms 
of reducing the rate of clinical events and deaths, but also 
all other components contributed significantly to these 
results.139,140 Further, because new drugs and procedures 
have come into use, the course of cardiovascular disease has 
improved and the relative contribution of physical activity 
and exercise training in the management of this disease has 
decreased. The effects of cardiac rehabilitation have changed 
rapidly and significantly.

This development is seen in the partly discrepant results of 
currently published reviews and meta-analyses. The Cochrane 
review analysing the effectiveness of randomised controlled 

http://www.ehnheart.org/patients/papers/1166:.html
http://www.ehnheart.org/patients/papers/1166:.html
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trials of exercise-based cardiac rehabilitation141 found that 
rehabilitation reduces the risk of cardiovascular mortality but 
not total mortality, and causes significant reduction in the risk 
of hospitalisation but not in the risk of myocardial infarction 
or revascularisation. When the results of the same studies 
except those that had recruited the participants before the 
year 2000 were analysed, no effect on all-cause mortality or 
cardiovascular mortality found but just small reduction in 
hospital admissions.142

In an analysis of randomised controlled trials that were 
published in the period 2010 to 2015, cardiovascular mortality 
was reduced by 58% and myocardial infarction by 30% but all-
cause mortality was not.139 However, a subgroup analysis showed 
that programmes that managed six or more cardiovascular 
disease risk factors reduced total mortality by 37%, but less 
comprehensive programmes did not. This study showed also 
that comprehensive rehabilitation decreased cerebrovascular 
events by 60%. The authors emphasise that comprehensive 
prevention and rehabilitation programmes that manage six or 
more risk factors and those prescribing and monitoring blood 
pressure and lipid lowering medications continue to reduce 
all-cause mortality.

This notion is supported by an analysis of the effect of dose, i.e. 
duration multiplied by frequency/week, on the results of cardiac 
rehabilitation in randomised and non-randomised studies.143 
The results showed that greater dose was significantly related to 
lower all-cause mortality and to fewer percutaneous coronary 
interventions when compared to low dose. However, no dose-
response association was found for cardiovascular mortality, 
myocardial infarction, all-cause hospitalisation or coronary 
artery bypass graft surgery. This analysis indicates that there is 
a further need to study the effect of dose on different outcomes 
of cardiac rehabilitation.

When the prognostic effect of multi-component cardiac 
rehabilitation after acute myocardial infarction was analysed 
by including not only randomised but also non-randomized 
controlled studies (thus reflecting better routine clinical care), 
reduced total mortality among the participants of rehabilitation 
programmes was seen.144 The only included randomised 
study showed neutral results. The effects of rehabilitation on 
cardiovascular mortality and on hospital readmission could not 
be reliably analysed due to the small number of studies with 
different designs and contents.

Another analysis including only non-randomised studies 
that recruited the participants from the year 2000 onwards 
found that cardiac rehabilitation reduced the risk of all-cause 
and cardiac-related mortality and improved health-related 
quality of life in at least one domain.145 The benefits in terms 
of recurrent myocardial infarction were inconsistent and no 
significant effects were found regarding revascularisation or 
re-hospitalisation following acute myocardial infarction.

One systematic review and meta-analysis has analysed 
specifically and thoroughly the effectiveness of exercise 
training and the contributions and roles of its various 
modes and components on the clinical outcomes of cardiac 
rehabilitation.146 The material for the analyses comprised of 
72 exercise interventions in 69 trials. The interventions showed 
extensive variations in practically all aspects. In general, this 

meta-analysis showed that cardiac rehabilitation in which 
exercise training was a key or main component was effective 
in reducing cardiovascular mortality significantly by 26%, total 
mortality by 10% and myocardial infarction by 20%. The exercise-
based cardiac rehabilitation did not decrease significantly 
the frequency of coronary bypass grafting or percutaneous 
coronary intervention events. The observed effects generally 
remained the same independent of the cardiac condition of the 
participants, type of the comparison condition (usual care), or 
whether the amount of the exercise was more or less than 150 
mins/week. No single exercise component such as intensity, 
frequency, session time or type was found to be a significant 
predictor of the mortality outcomes except adherence to the 
prescribed exercise regime. High levels of adherence were 
related to a 28% lower risk of cardiovascular and a 19% lower 
risk of total mortality compared with low adherence. The 
likely reasons for the importance of the adherence are that the 
total volume and often also the duration of the rehabilitation 
become sufficient;143 that the more frequent sessions promote 
changes also in other health habits; and that compared with 
poor adherers, good adherers are in general more compliant 
to the offered rehabilitation measures such as medications. In 
general, the results of the analyses described above agree with 
those of earlier studies.

The analysis of Abell et al. revealed also that some aspects of 
the exercise programme are related to increased cardiovascular 
risks.146 Thus, a dose-response relationship was observed 
between an increasing exercise session time and an increasing 
risk of myocardial infarction, such that for every minute 
increase in time (between 25 and 90 minutes), the relative risk 
of myocardial infarction with exercise intervention vs usual 
care increased by 1%. Further, the relative risk of percutaneous 
coronary intervention increased by 5% for every 1% increase in 
maximal heart rate prescribed (between 60 and 91% of maximal 
heart rate).

The practical implications of the findings of the study of Abell et 
al. are important.146 They indicate that exercise-based cardiac 
rehabilitation programmes can still be effective in reducing 
cardiac events, and that the effectiveness of the programmes 
is largely independent of the setting and mode of their delivery 
and of the detailed contents of the exercise training per se – but 
on the condition that the participants adhere to the prescribed 
exercise regime and complete it. These findings support the 
current views that emphasise flexible, individualised and ‘menu-
based’ programmes that are tailored to the circumstances 
and individual patient needs. In the design and delivery of 
the programmes it is important to focus on factors that will 
increase adherence to the exercise interventions regardless of 
the formats they take.

In conclusion, the review of the effectiveness of cardiac 
rehabilitation shows that it can still lead to important clinical 
benefits even in the era of improved cardiovascular therapy. 
However, positive results require multiple measures applied 
in a sufficiently large dose. Exercise training continues to be an 
important part of cardiac rehabilitation, although its relative 
contribution to traditional clinical outcomes has decreased. 
Instead, the role of exercise training is more important in 
furthering patient-centred outcomes such as functional capacity.
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Additional goals of exercise-based 
cardiac rehabilitation

Traditionally the main aim of rehabilitation has been to prevent 
the recurrence of cardiovascular clinical events and death. 
Gradually more patient-centred outcomes have gained weight 
as rehabilitation goals. These goals include maintenance or 
improvement of functional capacity and quality of life, changes 
in risk factors of cardiovascular and other diseases and health 
behaviours, and prevention and alleviation of symptoms and 
diseases secondary to the cardiovascular disease. Because 
physical activity has an important role in secondary prevention 
and physical inactivity is commonly found in individuals with 
cardiovascular disease, one important goal of cardiovascular 
rehabilitation is to induce a permanent increase of physical 
activity among participants.

Exercise practised as the traditional moderate-intensity 
continuous training causes a great number of health-
enhancing physiological and psychological effects (see Table 
1). Accumulated evidence shows that training composed of 
short periods of high-intensity exercise and rest, high-intensity 
interval training, causes corresponding cardio-metabolic 
effects both in healthy people of various ages and in people 
with high cardiovascular disease risk147 and with ischaemic 
heart disease and heart failure148 for example. However, it is 
worth being cautious when assuming that the effects of short-
term intensive exercise training as a sole intervention translate 
into clinically significant, lasting changes as a result of cardiac 
rehabilitation. Many factors in the participants of the exercise-
based rehabilitation programmes as well as in the contents and 
delivery of the programmes may decrease the amount, intensity 
and the duration of the exercise training to low or insufficient 
levels. Therefore, reliable information of the effects caused by 
exercise-based cardiac rehabilitation can only be gained by 
examining the actual effects of these programmes.

Successfully completed exercise-based cardiac rehabilitation 
programmes lead to improved cardiorespiratory fitness.149 This 
effect can be more than a 20% increase in the peak oxygen 
uptake in ischaemic heart disease patients of various ages,150 
and the effect is larger after high-intensity interval training 
than after continuous moderate-intensity training.148,151 The 
improved fitness may decrease the strenuousness of everyday 
chores. An earlier systematic review comparing centre-based 
and home-based cardiac rehabilitation programmes found that 
both modes improved physical, psychological and social well-
being in the same degree.152 Further, exercise-based cardiac 
rehabilitation, conducted as randomised controlled trials141 or 
as non-randomised controlled studies,145 is associated also with 
improved quality of life. In comprehensive cardiac rehabilitation 
all core components contributed to the improvement of different 
domains of health-related quality of life.153 A systematic review 
found that aerobic exercise training as part of rehabilitation, or 
in other contexts, has led to improved cognitive functions in 
participants with cardiovascular and cerebrovascular disease.149 
Exercise-based cardiac rehabilitation has not improved 
significantly patient’s chance of returning to work.154

Cardiac rehabilitation has been found to be cost effective,155 
and exercise-based cardiac rehabilitation is a potentially cost-
effective use of resources in terms of costs per year of life 
saved141 and in gains in quality-adjusted life years.156

The analyses of the impact of cardiac rehabilitation 
programmes on the physical activity level of the participants 
have provided variable results. Two recent systematic reviews 
and meta-analyses on randomised controlled trials in cardiac 
patients provide evidence that these programmes can be 
effective for increasing significantly the physical activity of 
the participants for on average 12 months,157 and that the 
interventions aimed at long-term maintenance of the physical 
activity change have been effective.158

Exercise intensity and type in cardiac rehabilitation

Moderate-intensity aerobic activity is the most commonly 
recommended and used exercise mode in cardiac rehabilitation. 
Comparing the cardio-protective effects of moderate and 
vigorous intensity exercise at the same total energy expenditure 
in clinical trials generally shows that there is no difference on the 
effects in systolic blood pressure, lipid profile or body fat loss, 
but vigorous intensity exercise causes greater improvements for 
diastolic blood pressure, glucose control and aerobic capacity.159

The development of high-intensity interval training has 
increased interest in also using this mode of exercise training 
in cardiac rehabilitation. In patients with cardiovascular disease, 
especially ischaemic heart disease, high-intensity interval 
training has shown to be superior compared with moderate-
intensity continuous training in improving cardiorespiratory 
fitness and in eliciting favourable effects in heart and endothelial 
function, insulin sensitivity and glucose regulation, HDL-
cholesterol, blood pressure and deep abdominal adiposity.151 
The superior effect of high-intensity interval versus moderate-
intensity continuous training on cardiorespiratory fitness has 
been emphasised because an increase in fitness is associated 
with decreased all-cause mortality and improved prognosis in 
ischaemic heart disease patients, and prescribing rehabilitative 
exercise that increases cardiorespiratory fitness to the greatest 
extent could have superior influence in reducing all-cause 
and cardiovascular mortality.151 In 17 studies comparing the 
effects of moderate-intensity continuous and high-intensity 
interval training in cardiac rehabilitation, there were no 
deaths or cardiac events requiring hospitalisation in any of 
the studies, and overall there were more adverse effects in 
the moderate-intensity continuous than in the high-intensity 
interval training.151 However, there is small transient risk of 
cardiovascular events in sedentary subjects in unaccustomed 
vigorous physical exertion.160 This risk can be effectively reduced 
by gradual increase of exercise intensity.161

Resistance or strength training enhances muscular strength 
and endurance, functional capacity, independence and quality 
of life and reduces disability in persons with and without 
cardiovascular disease.162 Further, resistance training decreases 
systolic and diastolic blood pressure both in normotensive and 
hypertensive participants, increases HDL- and decreases LDL- 
and total cholesterol as well as triglycerides, improves glucose 
control, increases mitochondrial oxidative capacity,163 and 
improves aerobic fitness. The size of most of these effects are 
comparable to those of aerobic training, and low-to-moderate 
intensity (30–69% of one repetition maximum) resistance 
training seems to be as effective as high-intensity resistance 
training. In adults aged 60 and over with cardiovascular 
disease the rate of adverse cardiovascular effects of low-to-
moderate intensity resistance training was lower than in aerobic 
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training.164 Resistance training is currently included in most 
guidelines and recommendations related to prevention and 
rehabilitation of cardiovascular disease, but it is emphasised 
much less than aerobic training. Because both modes of training 
add to the cardiovascular effects of exercise training in primary 
and secondary prevention, their combined use is recommended.

Regarding the types of exercise, the most common modes are 
various forms of walking and cycling, but many other whole-
body exercise modes can be used. Thus, for example, Tai Chi165 
and Traditional Chinese Exercise166 have led to beneficial effects 
in primary and secondary prevention of cardiovascular disease.

Mode of delivery of rehabilitation

Improved treatment options, faster recovery, lack of availability 
and accessibility of services, difficulties to retain the benefits of 
rehabilitation and opportunities offered by new technologies 
are some of the reasons that have challenged the position of the 
traditional centre-based rehabilitation and brought new options 
such as home-based and tele-based cardiac rehabilitation. The 
European guidelines on cardiovascular disease prevention 
state that “home-based rehabilitation with and without 
telemonitoring holds promise for increasing participation and 
supporting behavioural change”.128

Several systematic reviews and meta-analyses have compared 
the effectiveness and feasibility of the different rehabilitation 
types. Home-based rehabilitation was found to be slightly 
more effective than centre-based rehabilitation in terms 
of maintaining exercise capacity for at least 12 months 
in ischaemic heart disease patients, but there was no 
difference in the adherence to the recommended physical 
activity level between the rehabilitation types.167 A Cochrane 
review of 23 trials, including 2 890 ischaemic heart disease, 
revascularisation or heart failure patients, found no difference 
between centre-based and home-based rehabilitation in 
total mortality or exercise capacity up to 12 months, but 
the programme completion was slightly better in the home-
based programmes.168 The authors conclude that this updated 
review supports previous views that home- and centre-based 
forms of cardiac rehabilitation seem to be similarly effective in 
improving clinical and health-related, quality-of-life outcomes 
in patients after myocardial infarction or revascularisation or 
heart failure. This finding supports the continued expansion 
of home-based cardiac rehabilitation programmes that are 
based on scientific evidence. An analysis of 60 randomised 
clinical trials and 19 411 ischaemic heart disease patients 
compared the efficacy of centre-based, home-based, tele-
based, and combined exercise-based cardiac rehabilitation.169 
Only centre-based rehabilitation significantly reduced total 
mortality, but in the other rehabilitation modes this outcome 
was not significantly different from usual care.

The most recent and most comprehensive review comparing the 
effectiveness and the potential advantages and disadvantages 
of the centre-based and home-based cardiac rehabilitation 
is included in the scientific statement from several American 
cardiologic and pulmonary organisations.170 The potential 
advantages of the home-based mode of cardiac rehabilitation 
include expanded access and capacity of the services, faster 
enrolment, individually tailored programmes, flexible and 
convenient scheduling, greater privacy while receiving the 

services, and the possibility to integrate rehabilitation with 
regular home routines. The potential disadvantages include 
less intensive exercise training; less face-to-face monitoring of 
the exercises being carried out; less social support; and safety 
concerns, especially among higher-risk patients. In order to guide 
the rehabilitation professionals to adjust the progression of the 
training scheme to meet the individual needs and possibilities, 
the American Association of Cardiovascular and Pulmonary 
Rehabilitation has published a statement on the progression 
of exercise training in early outpatient cardiac rehabilitation.171

The studies cited by Thomas et al. did not show any significant 
difference in all-cause mortality between the centre-based and 
home-based rehabilitation, but only one of the included studies 
had a follow-up longer than 12 months.170 Also the effects of the 
two rehabilitation modes on exercise capacity, body weight, 
blood lipids, blood pressure, and smoking behaviour were 
of equal size. Most included studies reported improvements 
in health-related quality of life for both home-based and 
centre-based rehabilitation. Seven included studies found no 
significant difference in the level of adherence between the 
compared rehabilitation modes, but in three studies the level 
of adherence and completion of the prescribed rehabilitation 
sessions were higher in the home-based compared with the 
centre-based rehabilitation. Equal adherence rate to the 
centre-based and home-based exercise programmes for 
patients with cardiovascular disease was found also in a recent 
meta-analysis.172 The safety of the home-based rehabilitation, 
especially for high-risk patients, could not be reliably assessed 
in this study due to the insufficient number of patients and 
length of follow-up.

The primary difference between home-based and centre-based 
cardiac rehabilitation is that the centre-based mode requires 
direct face-to-face observation of patients, whereas the home-
based mode does not. Home-based rehabilitation relies on 
remote coaching and supervision. The rapid development 
of technology tools, such as mobile phone applications, 
text messaging, websites and sensors for physical activity, 
heart rate, ECG, and other health-related measures, offer 
the potential to increase the volume and applications of 
home-based rehabilitation and to improve its effectiveness 
and safety. However, recent reviews that have assessed 
the benefits, feasibility and other aspects of the use of tele-
rehabilitation technologies,173,174 text messaging,175 mobile 
phone applications176,177 and activity monitors178,179 conclude 
that the results are mainly positive, but due to the small number 
of studies and subjects, short duration and other deficiencies of 
the included studies, technical challenges in the functionality 
of the devices and methods, more research is needed before 
a comprehensive evaluation of the practical value of the 
technologies can be done.

Rehabilitation of various cardiac conditions

Stable angina. The effectiveness of exercise-based cardiac 
rehabilitation has been assessed separately in adults with 
stable angina.180 Due to the small number of studies, their small 
size and other deficiencies of the included studies the authors 
were uncertain of the effects of the rehabilitation compared 
to a control condition on mortality, morbidity, cardiovascular 
hospital admissions, adverse effects, return to work or quality 
of life in this patient group.
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Heart failure. Heart failure is a common but not widely known 
debilitating condition that is most often caused by ischaemic 
heart disease and high blood pressure.181 In this condition the 
heart is not able to pump sufficient amounts of blood to the 
organs of the body. Recent reviews have analysed the effects of 
exercise-based cardiac rehabilitation in patients with various 
types of heart failure. The Cochrane review of Long et al. (2019) 
included 44 randomised controlled trials (5 783 participants) 
with a median of six months’ follow-up.182 Compared to control 
interventions that include no exercise, exercise-based cardiac 
rehabilitation appears to have no impact on mortality within 
12 months. However, rehabilitation probably reduces the risk 
of all-cause hospital admissions and may reduce the hospital 
admissions due to heart failure by 12 months. Exercise-based 
cardiac rehabilitation may also confer a clinically important 
improvement in health-related quality of life.

Another analysis included 19 randomised controlled trials (3 990 
participants).183 In this study the analyses were based on the 
data of individual patients. Also this study showed that exercise-
based cardiac rehabilitation does not have an impact on the risk 
of death or hospitalisation of heart failure patients. However, 
participation in rehabilitation may cause some improvement in 
physical fitness and quality of life at 12 months’ follow-up, and 
these effects are independent of a patient’s age, sex, ethnicity, 
initial level of fitness or disease severity. The authors state that 
the results on exercise capacity and quality of life support the 
recommendation of current international clinical guidelines 
that exercise-based cardiac rehabilitation should be offered 
to all heart failure patients.

Rehabilitation provided as centre-based or home-based mode 
similarly improved functional capacity and health-related 
quality of life.184

Atrial fibrillation. The authors of a Cochrane review including 
six randomised controlled trials and 421 patients were not 
able to evaluate the real impact of exercise-based cardiac 
rehabilitation on mortality or serious adverse events. The 
rehabilitation was not found to have a clinically relevant impact 
on quality of life, but it may increase exercise capacity.185 A less 
formally conducted review states that cardiac rehabilitation 
with concomitant regular moderate physical activity reduces 
the time in arrhythmia of patients with paroxysmal and 
persistent atrial fibrillation. In chronic atrial fibrillation 
rehabilitation may decrease the resting ventricular response 
rate and therefore decrease symptoms related to arrhythmia. 
Further, the authors state that the reviewed studies have 
demonstrated that cardiac rehabilitation is safe and feasible 
for patients with atrial fibrillation.186

People with implantable ventricular assist devices. The 
Cochrane review of Yamamoto et al. (2018) included only 
two studies with 40 participants.187 This evidence base was 
insufficient to come to any conclusions on the efficacy or safety 
of exercise-based cardiac rehabilitation in this patient group.

Patients with an implantable cardioverter defibrillator. 
The review was based on eight randomised controlled trials 
including 1,730 patients.188 Due to a lack of evidence, the authors 
were unable to definitively assess the impact of exercise-based 
cardiac rehabilitation on all-cause mortality, serious adverse 
effects and health-related quality of life in this group of patients. 
However, there was a slight increase of exercise capacity in the 
patients that had participated in the exercise training.

Patients early after cardiac surgery. The systematic review 
and meta-analysis by Doyle et al. (2018) included all studies 
that reported efficacy and safety outcomes of aerobic exercise 
commenced within two weeks after cardiac surgery.189 
Compared with usual care, the exercise training significantly 
improved functional and aerobic capacity of the patients. Safety 
of exercise training early after cardiac surgery must be assessed 
in larger studies that also include higher-risk patients.

Heart transplant recipients. The analysis done by Anderson 
and coworkers (2017) included 10 randomised controlled trials 
(330 participants).190 The findings showed that exercise-based 
cardiac rehabilitation improves exercise capacity, but exercise 
had no impact on health-related quality of life over 12 weeks of 
follow-up. Exercise training appeared to be safe for these patients.

Adults after heart valve surgery. The authors could identify only 
two randomised trials (in total 148 participants) that compared 
the effects of exercise-based interventions compared with 
no exercise intervention control in adult patients after heart 
valve surgery.191 The results suggest that exercise training may 
improve exercise capacity in these patients, but no conclusions 
on the effects of exercise on mortality or quality of life could be 
made due to the limited amount of data.

Clinical practice guidelines recommend that cardiac patients 
participate in rehabilitation programmes. However, only a small 
portion of eligible patients utilise rehabilitation. Furthermore, 
adherence to the programmes and their completion remain 
major challenges of cardiac rehabilitation. A Cochrane review 
assessed the interventions provided to increase patient 
enrolment in, adherence to, and completion of cardiac 
rehabilitation. The review found that enrolment was increased 
in interventions which were targeting health-care providers, 
training nurses, or allied health-care providers to intervene face-
to-face, and the effects of interventions to increase adherence 
were larger in studies that tested interventions delivered 
remotely, such as home-based programmes.192

Exercise-based rehabilitation of 
cerebrovascular disease (stroke)

Stroke is an atherosclerotic disease of the arteries leading to 
obstruction and decreased blood flow within the brain. In most 
strokes (ischaemic strokes) blood flow in an artery is obstructed 
by a blood clot. In hemorrhagic strokes obstruction of blood 
flow to the brain is caused by a rupture of a vessel. A transient 
ischaemic attack (TIA) or ‘mini stroke’ is caused by a temporary 
clot. The insufficient blood flow causes deficiencies in motor, 
cognitive and communication functions such as impaired 
balance, walking and upper extremity function on one side, 
memory problems, executive dysfunctions and reduced 
attention, problems of understanding or speaking and loss of 
vision on one side.

Stroke has many negative impacts on health, calling for 
comprehensive rehabilitation provided by a multidisciplinary 
team of professionals and supported by peers.193 The goals of 
rehabilitation and secondary prevention related to physical 
activity and exercise training after stroke can be set out in 
four groups.194 Immediately after an acute stroke the first 
goals are aimed at preventing complications of prolonged 
inactivity, regaining voluntary movement, and recovering basic 
activities of daily living. Therefore, bed rest is minimised and 
early mobilisation within 24 hours after the event is begun 
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by intermittent sitting or standing and light movements. This 
practice has been shown to lead to faster recovery of walking 
ability, as well as to higher functional independence and shorter 
stays in hospital.195 This first phase of stroke rehabilitation is 
managed by professional medical staff.

The second phase of the stroke rehabilitation begins once the 
patient is medically stable. Exercise training is begun with the 
first goal to regain the levels of pre-stroke physical activity as 
soon and as completely as possible. The goals of the physical 
therapy and exercise are to improve gait, balance, muscle 
strength and upper extremity function, and therefore the 
exercise programme includes aerobic activity in various forms, 
strengthening exercises and practice of various functions. The 
active role of the patient, supported by a multidisciplinary team 
of professionals, is essential for achieving good results of the 
rehabilitation process.

In the third phase after stroke the goal is to facilitate the patients 
to develop and maintain an active lifestyle that meets the 
requirements for effective secondary prevention of stroke and 
other cardiovascular and also other chronic diseases related to 
physical inactivity. The importance of secondary prevention is 
shown by the finding that it can reduce stroke recurrence by 
80%.193 In the fourth phase of stroke rehabilitation the goal is to 
maintain the amount and types of physical activities at levels 
that meet the individual requirements for health and functions. 
At these stages the independent role of the patient as an active 
partner of the rehabilitation grows further.

Systematic exercise training can have favourable impacts on 
a number of deficits in persons surviving stroke. It is worth 
emphasising that many of these improvements can be beneficial 
in direct and indirect ways.

The findings of systematic reviews and meta-analyses on the 
effects of various exercise training modalities on functional 
aspects of stroke survivors can be summarised as follows:

	y Cardiorespiratory fitness: aerobic or endurance training, 
most often walking increases cardiorespiratory fitness 
or capacity.196,197 The effect increases with the intensity 
of the exercise.198,199 This effect is especially important 
for patients whose aerobic capacity has decreased to 
levels that seriously limit performance of daily activities 
and ordinary walking because the reduced ability to 
carry out these activities can precipitate and exacerbate 
a sedentary lifestyle that increases the risk of additional 
health problems such as obesity and arthritis.200

	y Walking endurance and speed is increased especially by 
walking training201 as well as by strength training.197,202 The 
effect increases with the intensity of the exercise.198 Both 
outdoor and treadmill training improve walking, but the 
effects are not well maintained after the training period.203 
A meta-analysis that aimed to determine the effectiveness 
of interventions to improve real-world walking found that 
interventions that included exercise training combined 
with behaviour change techniques were more effective 
than exercise alone.204 Exercise and gait training modes 
that include dual-task intervention may improve dual-
task gate speed after stroke.205 Aerobic training as 
assisted walking and ergometer cycling can be used 
effectively and safely in non-ambulatory stroke survivors 
to increase walking endurance, maximum walking speed, 

independent walking and mobility.206 Treadmill training 
with or without body weight support increased walking 
endurance and speed in short term especially in people 
who were able to walk independently, but this type of 
intervention did not increase walking ability in people 
who were dependent on assistance when walking at the 
start of the treatment.207

	y Balance capacity can be increased197,201 especially by 
balance and/or weight shifting and gait training208 and by 
treadmill training.209

	y Exercise training has not been shown to prevent falls or 
decrease the number of people falling following stroke.210

	y Exercise-based rehabilitation has been shown to be 
effective in reducing systolic blood pressure, fasting 
glucose, and fasting insulin, and increasing high-
density lipoprotein cholesterol after stroke or transient 
ischaemic attack.211

	y A systematic review and meta-analysis of 13 randomised 
controlled trials showed that exercise resulted in less 
depressive symptoms immediately after the exercise 
programme ended across both the subacute (≤6 months 
post stroke) and chronic stage of recovery (>6 months). 
These effects were small and were not retained with longer 
term follow-up. The effects were larger in studies using 
higher than lower intensity exercise. Unfortunately the 
use of antidepressant medication was not documented in 
the majority of studies and thus, its potential confounding 
interaction with exercise is not known.212

	y A systematic review and meta-analysis of nine randomised 
controlled trials provided evidence that exercise can have 
a small to medium effect on health-related quality of 
life at the end of the intervention but this effect was not 
maintained at follow-up after exercise was terminated.213

	y Several systematic reviews have provided evidence for 
the effectiveness of aerobic and especially of combined 
aerobic and resistance exercise training to improve 
cognitive functions in stroke survivors.149,197,214–217

	y Disability of the stroke survivors can be reduced by 
aerobic training.201

Several structural and functional changes in the brain and in 
the brain vessels have been identified that can give plausible 
explanations for the changes caused by physical activity/
exercise training in stroke survivors.214,218

Exercise-based rehabilitation for stroke can be effective only if 
the participants adhere to the prescribed exercise training. A 
systematic review and meta-analysis of randomised controlled 
cardiovascular rehabilitation trials found that the average 
adherence rate to prescribed exercise training was 90% and 
drop-out-rate 4%.172 These figures reflect ideal rather than real-
world conditions. However, they suggest that high adherence 
and low drop-out rates to exercise training in rehabilitation 
programmes are attainable.

Maintenance of exercise training or regular physical activity is 
a challenge in cardiac and stroke rehabilitation. A systematic 
review of 18 randomised controlled trials showed that in 
half of the trials that aimed to improve physical activity after 
stroke the interventions were effective, but in the other half 
the interventions were not effective.219 A number of factors 
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that facilitate or deter continuing participation in exercise 
training have been identified.220 Exercise programmes should 
be tailored to individual preferences in order to improve 
adherence, and a simple questionnaire tool can be helpful.221 
The role of technological devices such as activity monitors in 
stroke rehabilitation is presently not known due to the small 
number of adequate studies.178

Exercise-based treatment and secondary 
prevention of lower extremity artery 
disease (intermittent claudication)

Lower extremity artery disease is the most common form of 
peripheral atherosclerotic arterial diseases. The basic pathology 
is atherosclerotic obstruction of one or more arteries of the 
lower extremity. The obstruction causes restriction of the blood 
flow to the muscles of the extremity during effort, typically 
during walking. The resulting lack of oxygen causes pain in the 
extremity corresponding to angina in ischaemic heart disease. 
The pain disappears during rest. Patients with this pattern of 
pain, intermittent claudication, begin to avoid physical activity. 
Consequently their mobility, functional capacity and quality of 
life decrease. Gradual progression of the atherosclerotic process 
causes further decrease of blood supply to critical levels leading 
to gangrene of the peripheral parts of the extremity, for example. 
Atherosclerosis is often generalised, and patients with peripheral 
arterial disease have increased risk of manifested cardiovascular 
disease such as ischaemic heart disease and stroke. Therefore, 
secondary prevention is an essential part of the management of 
the patients with lower extremity artery disease.

International guidelines recommend supervised exercise as 
the first-line treatment for patients with peripheral arterial 
disease.222 Supervised exercise training is more effective than 
unsupervised223 or home-based exercise training .224 Supervised 
exercise training increases maximal and pain-free walking 
distance and improves symptoms and quality of life.225 Exercise 

training may decrease systolic blood pressure226 or systolic and 
diastolic blood pressure and blood cholesterol levels,227 but it 
had no effect on other cardiovascular risk factors. However, the 
data base in both studies was rather small and heterogeneous. 
The effects of exercise training may not persist for long if the 
training discontinues.228 Thus, the long-term benefits of exercise 
training largely depend on the continuation of the training. It is 
not yet known whether exercise training reduces cardiovascular 
events, but it is effective in preventing invasive treatments.229 
Supervised exercise training is safe. Compared with supervised 
exercise training, endovascular revascularisation does not 
provide significant benefits in terms of improvement in 
functional performance or quality of life, but endovascular 
revascularisation combined with exercise training may have 
a synergetic effect.230

In most studies the amount of exercise has been at least three 
hours a week, the exercise has been continued to the maximal 
or submaximal level, and the training has been continued for 
at least three months. Initial evidence from small number of 
studies suggests that high-intensity interval training may provide 
similar benefits in terms of walking distances, for example, as 
traditional exercise training but in shorter time.231 The most used 
exercise mode has been walking, but alternative modes such as 
cycling, strength training and upper-arm ergometry have also 
been shown to be effective. They may be useful when walking 
training is not an option for the patient.232 The adherence to the 
alternative modalities of exercise has shown to be at least as 
good as to the traditional walking exercise.233 Although home-
based walking exercise training is not as effective as supervised 
exercise training, it is a useful alternative, with positive effects 
on quality of life and functional walking capacity.234 However, 
home-based exercise training without periodic contacts with 
health-care personnel may be ineffective even when supported 
by wearable technology and mobile coaching.235
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7	 Summary: Evidence-based physical 
activity for primary and secondary 
prevention of cardiovascular disease

The evidence accumulated from a large volume of research 
over many years allows for some conclusions on amounts and 
types of effective, practical and safe physical activity (PA) for 
primary and secondary prevention of cardiovascular disease 
(CVD). This evidence is strongest for primary prevention and 
for ischaemic heart disease (IHD).

It is important to point out that most of the evidence on the dose 
and other characteristics of PA for prevention of CVD is based 
on studies done on populations. This means that the reported 
results are mean values calculated from large numbers of people. 
Therefore, any result of these kind studies related to PA – e.g. 
minutes on moderate-to-vigorous PA in a week to gain a given 
preventive effect – is exact or ‘optimal’ for only a small part of 
the population. Due to variations such as differences in genetic 
factors and body composition, some parts of the population 
gain the preventive benefit with less than the PA recommended 
by the guidelines and others need more than the recommended 
PA for the same benefit. Further, individuals with high risk of CVD 
need more than the average amount of PA to decrease the risk of 
developing CVD or clinical events caused by it, but people with 
small risk of CVD need less than the average amount of PA for 
the preventive purpose. The PA recommended in the guidelines 
is actually for populations and not for individuals. However, 
because it is difficult to be sure what PA would be right for a 
given person, the PA recommendations for populations are in 
the customary communication ‘translated’ – some researchers 
argue wrongly – to the individual level, and according to the 
principle used in public health the same preventive means is 
offered for large population groups.

In individual counseling it is possible to adjust the recommended 
PA to correspond more closely to the probable ‘real’ need of the 
individual. This individually customised approach is generally 
used in secondary prevention of CVD as part of exercise-based 
cardiac rehabilitation and it can be used in individual counseling 
of healthy people.

On the basis of the evidence presented in various parts of 
this document the following guidance for especially primary 
prevention of CVD is presented:

	y Intensity of PA: moderate intensity in relation to the 
capacity, familiarity to PA and health of the population, 
group or person is sufficient to give a major part of the 
preventive effect. Further, this intensity can be attained 
and maintained by a large proportion of the participants, 
and for healthy participants and for most individuals 
with cardiovascular and other diseases it is safe. With 
increasing intensity above the moderate level, the number 
of people in a population willing and able to begin and 
continue PA decreases progressively. Very high intensity of 
PA, especially as sudden bouts in persons unaccustomed 
to habitual PA increase the risk of cardiovascular events, 
but nearly exclusively in persons who have latent or 
clinically manifested CVD.

	y Frequency of PA: several options, from PA only at the 
weekends to daily PA, give nearly equal preventive benefit 
so long as the total weekly amount is the same. However, 
for practical reasons and to avoid symptoms and injuries 
caused by low or high frequency of PA, two to three times 
a week is in general advisable.

	y Duration of PA in a day: the duration can vary in wide 
limits depending on the frequency and intensity of the 
weekly PA, for example. For efficiency and practical 
reasons 30 to 60 min PA a day is in general advisable. 
Traditionally, and based on the major part of the related 
research, it has been recommended that PA for this 
duration is done as continuous activity or as sessions of 
alternating short effort and rest periods – i.e. as interval 
activity. However, increasing evidence indicates that also 
PA in short periods of some minutes of sufficient intensity 
accumulated over a day may have preventive effect 
especially for individuals who are unfit or unaccustomed 
to PA.

	y Total volume of PA (as a product of frequency, duration and 
intensity of the sessions): a major part of the preventive 
effect of PA is gained on average by about 150 minutes 
a week of moderate intensity PA. If the PA is of vigorous 
intensity such as jogging the same preventive effect is 
gained by activity lasting about half of this time. However, 
even smaller amounts may have some preventive effect 
in populations and individuals which are sedentary or not 
very physically active. Thus, even a small amount of daily 
PA that exceeds the habitual level of an individual may have 
preventive effect in sick and old people.

	y The preventive effect of PA above 150 minutes a 
week increases continuously to at least seven times 
the recommended amount without evidence of 
cardiovascular harm. However, the gain of preventive 
effect for a given increase of PA decreases continuously, 
and more and more PA is needed for less and less 
additional preventive benefit. It is also important to 
notice that practice of high amounts of strenuous PA for 
many years as recreational or competitive sports includes 
also the risk of development of adverse structural and 
functional cardiovascular changes.

	y A large amount of scientific evidence indicates that both 
aerobic and resistance physical activity have preventive 
effects against CVD but aerobic activities are more 
effective. Therefore, it is suggested that a major part of the 
PA for prevention of CVD is aerobic. Further, accumulated 
evidence on the risks of PA suggests that in general it 
is advisable to limit the amount of resistance exercise 
training to about one hour a week.
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	y A large variety of physical activities that include mainly 
aerobic muscular work can be used to accumulate the 
volume needed for prevention of CVD. The most feasible 
and safest mode of PA especially for middle aged and 
older people and for people who have various diseases 
is walking. However, the intensity of ordinary modes of 
walking on the street, for example, does not reach the 
level for optimal effectiveness for young and physically 
fit individuals. In certain environments cycling offers a 
feasible, effective and relatively safe mode of PA for large 
population groups.

	y PA that fulfils the conditions for preventive effectiveness 
of CVD can take place as leisure activities, as a mode of 
transport especially for commuting to work, as part of 
domestic chores, and as part of one’s occupational work 
activities. The role of leisure time physical activities in the 
prevention of CVD is often emphasised in communication, 
but in order to widen the reach of PA to populations and 
population groups other possibilities for preventive PA, 
such as transport and domestic chores, are also worth 
pointing out and conditions to practice them should be 
increased and improved.

	y PA for prevention of CVD is roughly equally effective 
for women and men, and it is effective in decreasing 
the development of the risk of CVD from childhood 
on, continuing to be effective for decreasing the risk of 
cardiovascular events until old age. It is never too late 
to engage in physical activity even late in life in order to 
improve health and decrease cardiovascular risk.

An important aspect of recommending physical activity for the 
prevention and treatment of CVD is considering the size of the 

‘dose’ – in other words, how much and what type of physical 
activity do people need to do to optimise health benefits? As 
many people tend to do less physical activity than is optimal, 
defining this amount more precisely may help to increase 
adherence and maximise health benefits. Another aspect is 
the possible detrimental effect of too much sedentary time, 
which can be relevant even in physically active people.

As pointed out above, the dose-response relationship between 
moderate-to-vigorous physical activity and CVD mortality is 
very similar to that of all-cause mortality, so many of the more 
general recommendations developed for population health 
improvement are appropriate here.

In general, it is not possible to set a cut-off point for what 
amount and intensity of physical activity is enough to prevent 
cardiovascular disease or other health parameters. A little 
physical activity is better than none even if it is lower than 
official guidelines. There is a graded association between the 
amount of physical activity and the health (mortality and CVD) 
benefit.19 The association is not linear, so an increase from 
nothing to a little bit gives more benefit than an increase from 
a lot to even more. The guidelines for physical activity differ 
fundamentally from guidelines for smoking. For smoking, it 
is recommended to eliminate the risk factor, i.e. stop smoking 
completely or, even better, never start. For physical activity, 
the recommendations are a balance between recommending 
a level where there is evidence for a health effect, but not so 
high a level that it is unachievable for many people.



However, increasing physical activity above the recommended 
level results in increased benefit. A recent meta-analysis 
including 48 population studies with over 2 million participants 
found CVD and IHD (Ischaemic Heart Disease) benefits increased 
until a physical activity level of 5–7 times the recommended 
amount of 150 minutes MVPA per week. There was no 
detrimental effect of physical activity even at the extreme levels. 
This means that there is no upper limit of physical activity for 
healthy people where it becomes hazardous for cardiovascular 
disease.19 Blond et al found an inverse relationship between 
physical activity and CVD mortality (see Figure 12).19 The CVD 
and IHD mortality risks were lower for all physical activity levels 
above the recommended level compared to the recommended 
level. With 750 MET-minutes as the reference level (same as WHO 
recommendation of 150 min MVPA), the hazard ratio (HR) at 2 
000 MET-minutes was 0.81, while the HR at 5 000 MET-minutes 

was 0.73 (almost seven times the level of WHO guidelines). Blond 
et al found larger HR differences in studies using accelerometers 
compared to studies not using accelerometers, which means 
that earlier estimates underestimate the true effect of physical 
activity because of misclassification. The HR differences also 
appeared larger in studies of participants of at least 60 years of 
age compared to studies including younger participants.

Blond et al. found an inverse relationship between physical 
activity and IHD mortality throughout the range of physical 
activity.19 With 150 minutes of MVPA as the reference level 
(this is the guidelines and not physical inactivity), the benefit 
of physical activity increased until a level seven times higher 
than the guidelines with a HR of 0.65. This is more than two 
hours of at least moderate intensity physical activity daily.
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Figure 12 Dose-response relationship between physical activity and cardiovascular disease (CVD) mortality. Dose-response relation 
between metabolic equivalent of task (MET) mins/week (with 750 MET mins/week as the reference) and mortality risk estimated with 
restricted cubic spline regression and generalised least square trend estimation for summarised dose-response data.19
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Figure 13 Dose-response relationship between physical activity and ischaemic heart disease mortality. Dose-response relation between 
metabolic equivalent of task (MET) mins/week (with 750 MET mins/week as the reference) and mortality risk estimated with restricted 
cubic spline regression and generalised least square trend estimation for summarised dose-response data.19

32� Physical activity policies for cardiovascular health

6000500040003000200010000

0.60

0.70

0.80

0.90

1.00

1.10
1.20
1.30
1.40
1.50
1.60

MET-minutes/week

Spline Model with 750 MET-minutes as a reference level
95% Confidence interval limits

CV
D 

m
or

ta
lit

y 
ha

za
rd

 ra
tio

0.50

0.40



Physical activity policies for cardiovascular health� 33

8	 Recommendations for policy-makers

Context
The data presented in this document show convincingly 
the need for effective primary and secondary prevention of 
cardiovascular disease (CVD). It is clear that physical activity – 
and especially systematic exercise training – are effective means 
of CVD prevention, and critical components of promotion of 
good health more generally. However, the potential public 
health impact of physical activity is not maximised due to 
the high prevalence of sedentary lifestyle in most European 
populations.

It is obvious that there is great need to increase physical activity 
in the European populations. However, vast experience shows 
that changing living habits, physical activity included, is very 
challenging and occurs slowly at best.236 Therefore, it is important 
to focus efforts and resources in attempts to increase physical 
activity in modes that are likely to result in the widest effects. 
One set of criteria for this purpose are the APEASE-criteria237 
affordability, practicability, effectiveness and cost-effectiveness, 
acceptability, side-effects/safety and equity considerations. 
Applying these criteria to physical activity, it is clear that among 
the physical activity modes walking in various forms best fulfils 
most of these criteria. Therefore, in general walking should be 
the primary mode of preventive and health-enhancing physical 
activity to be increased. Walking has been referred to as the ‘best 
buy in public health’.238 This is followed by cycling as, like walking, 
it can be integrated into daily lifestyles. Other forms of deliberate 
leisure-time physical activity are then recommended, as long as 
they are affordable, practical, effective and safe.

Primary prevention of cardiovascular 
disease through increasing physical activity

Global Action Plan

Policy-makers across Europe have a rich menu of options 
for ways that they might influence public policy to enhance 
population levels of physical activity and reduce the risk of CVD. 
As pointed out above, the dose-response relationship between 
moderate-to-vigorous physical activity and CVD mortality is 
very similar to that of all-cause mortality, so many of the more 
general recommendations developed for population health 
improvement are appropriate here.

The most recent and focused evidence-based collection of policy 
recommendations for increasing physical across populations 
has come from the 2018 World Health Organization Global 
Action Plan on Physical Activity (GAPPA) 2018–2030.239

The GAPPA presents 20 clear recommendations for strategic 
and high-level actions that countries can take to enhance 
population-level physical activity. These include actions to:

	y create active societies (through initiatives including 
communication campaigns and mass participation 
initiatives);

	y create active environments (through, for example, work 
with the transport and environmental sectors);

	y create active people (through, for example, physical 
education and primary care programmes); and

	y create active systems (including policy frameworks, data 
systems and research capacity).

These recommendations were the output of an extensive and 
thorough evidence review and consensus process at a global 
level.

Case study example – walking in Vienna

Vienna is one of the best European examples of a city-
wide approach to promoting walking. The city authorities 
have focused on walking for many years and have been 
monitoring walking rates in the city centre since the 1970s. 
They have made extensive adaptations to the fabric of the 
city to create environments where people are more likely 
to choose to walk. Since 2003 the proportion of pedestrian 
zones and pedestrian surfaces in the City has risen by 30%.

Alongside this has been extensive policy development and 
promotion and marketing. 2015 was designated the ‘Year 
of Walking’ in Vienna. This involved multimedia promotion 
together with events and initiatives such as the publication 
of a pedestrian route map, competitions and Apps. Around 
66% of Viennese citizens supported the year of walking.

More information is available from:

http://www.mobilitaetsagentur.at/
wp-content/uploads/2016/06/
Fussgeh_Report_155x200_Englisch_RZ.pdf

http://www.mobilitaetsagentur.at/wp-content/uploads/2016/06/Fussgeh_Report_155x200_Englisch_RZ.pdf
http://www.mobilitaetsagentur.at/wp-content/uploads/2016/06/Fussgeh_Report_155x200_Englisch_RZ.pdf
http://www.mobilitaetsagentur.at/wp-content/uploads/2016/06/Fussgeh_Report_155x200_Englisch_RZ.pdf
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European Strategy

For policy actions at a European level, more focused 
recommendations come from the WHO Physical activity 
strategy for the WHO European Region 2016–2025.240 The 
strategy aims

“to inspire governments and stakeholders to work towards 
increasing the level of physical activity among all citizens of the 
European Region by:

	y Promoting physical activity and reducing sedentary 
behaviours;

	y Ensuring an enabling environment that supports physical 
activity through engaging and safe built environments, 
accessible public spaces and infrastructure;

	y Providing equal opportunities for physical activity 
regardless of gender, age, income, education, ethnicity or 
disability; and

	y Removing barriers and facilitating physical activity.

The strategy lists five priority areas, including 14 objectives. Many 
of these are highly relevant to the prevention of CVD through 
increased physical activity and are highlighted below along with 
a selection of good practice examples from around the region.

Providing leadership and coordination 
for the promotion of physical activity

	y Ensure that there is high level leadership for physical 
activity and CVD prevention from the health sector, ideally 
led by the national ministry of health.

	y Establish coordinating groups or committees that bring 
together diverse sectors with an influence on physical 
activity, such as health, sports, education, transport, 
urban planning, environment and social affairs. 

Supporting the development of 
children and adolescents

	y Promote physical activity during pregnancy and early 
childhood. As noted in Chapter 5, this is important to 
prevent the early development of CVD risk factors.

	y Promote physical activity in preschools and schools. This 
includes an appropriate quantity of high-quality physical 
education lessons (based on an intersectoral approach that 
involves the education, sports and health sectors) as well 
as initiatives to promote physical activity in the school day 
such as active travel to school and active breaks.

Promote recreational physical activity for children and 
adolescents including out-of-school physical activity 
programmes and membership of sports and fitness clubs. 

Case study example – Iceland

In 2005, a project manager responsible for the 
comprehensive promotion of health-enhancing physical 
activity (HEPA) was employed for the first time. A national-
level expert group has been established involving relevant 
stakeholders and experts from, for example, universities, 
ministries, agencies and non-governmental organisations 
(NGOs). Another valuable step for HEPA promotion in 
Iceland was the establishment of the multisectoral Health 
Promoting Community (HPC) steering group and the HPC 
consultation platform in 2018, which currently comprises 
representatives from more than 30 stakeholders. These 
include six ministries, the prime minister’s office and nine 
governmental agencies.

Case study example – 
The city of Novi Sad

Novi Sad is the flagship ’Healthy City’ in Serbia, where 
more than 90 km of bicycle paths have been constructed, 
along with the establishment of public rental schemes 
and mountain bike routes on the nearby Fruska Gora 
mountain. In addition, the Novi Sad Biking Initiative, 
an NGO established in 2011, advocates for cycling as 
a healthy and sustainable form of urban mobility. For 
members of its Bikecity (Biciklograd) programme, some 
discounts are provided by partners of the programme (in 
theatres, cinemas, libraries, bookstores, and on cycling 
equipment, etc.).
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Promoting physical activity for all adults as part of 
daily life, including during transport, leisure time, at 
the workplace and through the health-care system

	y Take action to promote human-powered transport, to 
increase physical activity in daily life, including in the 
community and at the workplace. This means specifically 
aiming to reduce car traffic and increase walking and 
cycling. This may involve innovative measures such as 
congestion charges; tax incentives to promote cycling and 
city cycle schemes; higher parking charges and motor 
vehicle taxes; revenue ringfenced for public transport and 
infrastructure systems. 

	y Provide opportunities for physical activity at the workplace. 
Active commuting could be promoted by regulations, 
guidelines or financial incentives for employers for cycle 
racks, changing rooms, showers and adequate public 
transport options. Other measures could include action to 
address the workplace layout, such as the provision of 
adjustable desks, prominent and promotional signs on 
staircases encouraging their use, regular breaks during the 
day to allow for physical activity and membership of a gym 
or sports club, or, for larger employers, company-run sports 
facilities and programmes. Changes to workplace culture 
might include allowing more flexible working hours and 
styles of working to include active breaks, and working 
from home policies that would allow more time for physical 
activity to be incorporated into the working day. 

Case study example – cycling policy in 
Copenhagen

Copenhagen has set itself the goal of becoming ‘the 
world’s best bicycle city by 2025’. Achieving this goal is 
also viewed as integral to the city’s health plan, to the 
environmental goal of making the city CO2 neutral by 2025, 
and to enhancing the liveability of the city.

Around 150 000 people cycle each day to work or educational 
institutions in the City of Copenhagen, representing 
a modal share of 36% of all trips. Copenhagen’s plan 
for achieving a greater proportion of daily journeys 
undertaken by bicycles includes increasing the capacity of 
the cycle tracks to the city centre, in order to accommodate 
an additional 60 000 cyclists by 2025.

According to the City of Copenhagen’s Bicycle Strategy 
2011–2015:

	y The number of kilometres cycled [in Copenhagen] 
has risen by around 30% since 1998.

	y The bicycle’s modal share for trips to work or 
educational institutions has risen to over a third [since 
1998].

	y The bicycle [is now] the most popular form of 
transport for commuting in Copenhagen.

Many cities in Denmark have invested heavily in 
infrastructure for cycling and the government has financed 
part of the local investment. Copenhagen has managed 
to increase cycling by 30% over the past two decades 
despite an initial high level, while during the same period 
decrease cycle-related injuries to one third of their level.241 
The second and third city of Denmark have increased 
cycling 10–20% in the same period. This example from 
Denmark shows that it is possible to increase physical 
activity across the population even if global trends have 
shown no increase the past decade.16

Case study example – Lithuania: Health 
Enhancing Workplace Awards

Health Enhancing Workplaces Award contest is used in 
Lithuania as an effective way of encouraging employers to 
provide better conditions for their employees’ physical and 
mental health. Health Enhancing Workplace award contest 
has taken place on regular basis since 2016. The first 
national award contest, Health Enhancing Company-2016, 
was organised, with its thematic motto: “Health promotion 
at any age.”

The contest aims to select the best examples of companies 
with health-enhancing policy for all age groups, paying 
particular focus to physical health promotion through 
physical activities at a workplace. Methodological tools 
are developed to help employers take action. Participating 
workplaces include public, business enterprises and 
companies, as well as non-governmental organisations.

An awards ceremony takes place usually during 
international conferences, organised by national and 
international stakeholders, and served as a good example 
for the other company administrations. Some examples 
of the type of activities previous award winners have 
implemented include: supplying workers with ergonomic 
and physical activity enhancing equipment such as height 
adjustable office table, active balanced ‘Sit Fit’ chairs, 
ergonomic back-support chairs, eye massagers working 
with computers, and providing employees with showers 
to use after conducting physical activity breaks.
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	y Integrate physical activity into prevention, treatment 
and rehabilitation, notably for CVD. The promotion of 
physical activity by health professionals should become 
the norm. Early identification, counselling and referral at 
the primary care level should be integrated into standard 
practice and should respond to the different needs of 
patients. For the general population, a simple assessment 
of the level of physical activity could be integrated into the 
ongoing risk factor assessment, followed by brief advice, 
if required. For patients with existing health conditions, 
including CVD, physical activity should be a core aspect of 
patient care and rehabilitation.

	y Improve access to physical activity facilities and 
offers, particularly for vulnerable groups, including the 
unemployed, adults with low incomes and people with 
disabilities.

Promoting physical activity among older people

	y Improve the quality of advice on physical activity by 
health professionals to older people, tailored to their 
individual health needs, capacity and preferences.

	y Provide infrastructure and appropriate environments for 
physical activity among older people, including barrier-
free workplaces, flexible working hours and modified 
work environments for older people; well-lit footpaths 
and safe local neighbourhoods; and barrier-free access to 
health centres and rehabilitation programmes.

	y Involve older people in social physical activity, 
particularly those from socially disadvantaged 
backgrounds. Actions might focus on settings such as 
community centres, social clubs, faith-based institutions 
and non-governmental organisations.

Supporting action through monitoring, 
surveillance, evaluation and research

	y Strengthen surveillance systems including ensuring that 
data on physical activity are collected and analysed to 
inform evidence-based actions.

	y Strengthen the evidence base for physical activity 
promotion, notably evaluating the effectiveness of 
interventions to increase physical activity.

Secondary prevention of cardiovascular 
disease through increasing physical 
activity, and rehabilitation after 
cardiovascular disease

Cardiac rehabilitation

The importance of secondary prevention is made clear in the 
position papers from the Cardiac Rehabilitation Section of 
the European Association of Cardiovascular Prevention and 
Rehabilitation156 and the European Heart Network (http://
www.ehnheart.org/patients/papers/1166:revised-ehn-paper-
on-cardiac-and-stroke-rehabilitation.html). This points out 
that increasing awareness of the importance of cardiovascular 
prevention is not yet matched by the resources and actions 
within health-care systems. There is strong evidence for the 
effectiveness of exercise-based cardiac rehabilitation in helping 
to decrease morbidity and mortality in ischaemic heart disease, 
in particular after myocardial infarction but also incorporating 
cardiac interventions and chronic stable heart failure. However, 
integration of prevention strategies into daily practice is still 
inadequate. In Europe only about a third of ischaemic heart 
disease patients receive any form of cardiac rehabilitation, with 
considerable variation between European regions.242

	y Health systems should ensure that systems are in place for 
routinely offering exercise-based cardiac rehabilitation to 
patients after ischaemic heart disease.243

	y Rehabilitation programmes should be accessible for 
all eligible patients, regardless of gender, age, socio-
economic status, ethnicity or location.243

	y Such rehabilitation programmes should be based on 
best available evidence, and should focus on early risk 
stratification, use of referral services and initiation of 
treatment to stop the progress of an established disease 
process.128

	y Consideration should be given to the development of 
home-based cardiac rehabilitation programmes, which 
can provide a viable alternative to programmes offered in 
a medical facility.170

	y Specific programmes should be put in place to tackle 
common barriers to effective secondary prevention 
found across Europe: poor availability of structured 
secondary prevention programmes; low rates of referral 
to structured secondary prevention interventions; and 
lack of quality and minimum standards in the delivery of 
preventive programmes.128

	y Health systems should ensure that peer support is 
included in cardiac rehabilitation programmes.

Case study example – England: Moving 
health care professionals

Moving health care professionals is a multi-component, 
partnership-based programme to increase the awareness 
and skills of health professionals and to change their 
clinical practice in promoting physical activity to patients 
at high risk of or with health conditions. The programme 
provided physical activity sessions to over 20 000 health 
care professionals, and its e-learning modules have been 
completed over 10 000 times by these professionals.

http://www.ehnheart.org/patients/papers/1166:revised-ehn-paper-on-cardiac-and-stroke-rehabilitation.html
http://www.ehnheart.org/patients/papers/1166:revised-ehn-paper-on-cardiac-and-stroke-rehabilitation.html
http://www.ehnheart.org/patients/papers/1166:revised-ehn-paper-on-cardiac-and-stroke-rehabilitation.html
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Case study example – France: Adapted 
physical activity

Adapted physical activity has been used in France to 
enable people with chronic diseases to have a physically 
active lifestyle in order to reduce their risk factors and 
the functional limitations due to their condition. Several 
local authorities have introduced ‘sport on prescription’, 
a similar concept, but with different approaches. The 
aim of all the schemes is to encourage people with long-
term conditions to practise regular, sustainable, adapted 
physical activity. Usually, a general practitioner identifies a 
patient’s needs in terms of physical activity and prescribes 
it as part of care. The beneficiary is then referred to local 
sports associations that offer sport–health programmes 
supervised by trained educators, after an interview and 
physical tests to design a individualised programme. Once 
the programme is finished, personal follow-up and support 
are offered. Some of the results of this programme include 
increased physical activity time and less time spent on 
sedentary activities, improved physical capacity and more 
motivation to practise physical activity.

Case study example – Spain

The ‘Live active’ (Viu actiu) programme is a local service 
in Benicarló Castellón in the autonomous community 
of Valencia. It comprises assessment and prescription 
of customised physical activity programmes in health 
and sport centres for patients with conditions or 
diseases, such as diabetes and obesity, which are 
supervised by health practitioners such as doctors, 
nurses and physiotherapists and by professionals in 
physical activity and sports. After diagnosis by a general 
practitioner a physical activity or sports professional 
interviews the patient and offers either an individual 
programme comprising local walks or group activities 
for muscle strengthening or aerobic activities. Patients 
are monitored annually and individual reports issued.

Case study example – Sweden exercise 
referral (EU-PAP)

The aim of the EU-funded ‘physical activity on prescription’ 
programme is to transfer the ‘physical activity on 
prescription’ best practice to 10 other countries in Europe. 

What is unique about the Swedish physical activity on 
prescription (PaP) method is that:

	y the counselling and prescription are individualised, 
based on the patient’s circumstances;

	y all licensed health-care professionals with adequate 
expertise may prescribe; and

	y the patients participate in exercise activities outside 
the direction of health-care services – a central 
component in PaP is to integrate physical activity 
into everyday life.  

The PaP method is built on five core components:

	y An individualised/people-centred approach;

	y A written prescription that states the type of 
physical activity, dose (frequency, relative 
intensity, and duration), prescribed activities, and 
contra-indication;

	y Follow-up of both the health outcome and the level 
of physical activity;

	y FYSS-a scientific handbook with physical activity 
recommendations for various diseases. http://www.
fyss.se/in-english/chapters-in-fyss/ Physical Activity 
in the Prevention and Treatment of Disease (www.fyss.
se/); and  

	y Collaboration with activity organisers to develop 
a supporting environment to help individuals to 
increase and maintain their activity level. 

Research is indicating that:

	y The method is effective primary health care measure 
for increasing physical activity for at least 12 months.

	y The adherence to the method is as good as to other 
long-term treatments.

	y PaP improves quality of life and cardio metabolic 
risk factors.

More  info via https://www.eupap.org/about

http://www.fyss.se/in-english/chapters-in-fyss/
http://www.fyss.se/in-english/chapters-in-fyss/
http://www.fyss.se/
http://www.fyss.se/
https://www.eupap.org/about
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Physical activity after stroke

The 11th World Stroke Organisation Congress in 2018 highlighted 
the urgent need for effective, equitable and sustainable 
interventions to improve life after stroke. Physical activity 
reduces modifiable risk factors for first and recurrent stroke, 
and it improves function and activity during rehabilitation and 
following discharge. This compelling evidence urgently needs to 
be translated into seamless pathways to enable stroke survivors 
across the world to engage in a more active lifestyle.244

	y Health systems should ensure that there are seamless, 
sustainable, evidence-based physical activity pathways to 
support stroke survivors and their families.244

Effectiveness of physical activity interventions

A recent review of interventions in the global literature on 
physical activity interventions included more than 200 reviews 
on thousands of single studies.245 Around 20% of the reviews were 
geared primarily to adults with pre-existing diseases. This review 
made one clear evidence-based recommendation for promoting 
physical activity among adults with pre-existing disease:

	y In the health-care setting, measures to promote physical 
activity in adults with pre-existing diseases must be (1) 
theory-based, (2) specific to physical activity behaviour 
and (3) tailored to the respective target group. In this 
context, exercise referral schemes have also proved 
recommendable.

In conclusion, there is a wide range of potential interventions and 
approaches that can be taken at local, national and European 
level. There is no single solution, but rather there needs to 
be action taken across the system, addressing the multiple 
determinants of physical activity behaviour. And interventions 
need to be designed and applied specifically according to the 
needs and circumstances of citizens and members of specific 
target groups.
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9	 Conclusion

As shown in this report regular physical activity plays a critical 
role of in the prevention and treatment of cardiovascular 
disease (CVD) across Europe. The declining (age-adjusted) rates 
of cardiovascular disease across Europe show that we have had 
some successes with prevention efforts.

However, each year CVD disease still causes 3.9 million deaths 
across Europe and recent trends show there is a slowdown in 
CVD mortality improvements, leading to growing concern that 
the rate of CVD-related deaths may begin to increase again.

The wide variations in death rates across Europe show that 
significant challenges exist especially for those countries that 
(still) suffer from the highest burden of CVD mortality and 
morbidity.

Physical activity appears to have often been overlooked by 
policy-makers focused on CVD prevention. Yet it is a natural, 
universally accessible healthy behaviour with very few negative 
side-effects. In fact, the ‘side-effects’ (or ‘by-products’ of higher 
physical activity in a population) are also healthy and important: 

cleaner air; reduced use of fossil fuels; lower carbon footprints; 
and greater social inclusion.

Physical activity also plays a critical role in secondary prevention 
and rehabilitation for a wide range of conditions. Physical 
activity can be the difference between people recovering 
from cardiovascular disease and returning to normal active 
life or continuing life as a patient. And yet again exercise-based 
cardiac rehabilitation appears to be being under-utilised, with 
insufficient policy actions being taken to integrate physical 
activity into normal care. And yet it does not have to be complex 
or over-demanding: even low levels of physical activity have 
health benefits; and rehabilitation programmes can be 
undertaken at home.

Action needs to be taken across the ‘system’ at all levels. 
Policy-makers should focus on ensuring physical activity 
is central to CVD prevention and treatment. There are clear 
recommendations from the European Union and WHO reports, 
and these should be the focus of a renewed effort to place 
physical activity on the ‘top of the podium’ across Europe.



40� Physical activity policies for cardiovascular health

REFERENCES

1.	 Caspersen CJ, Powell KE, Christenson GM. Physical activity, 
exercise, and physical fitness: definitions and distinctions for 
health-related research. PubHealth Rep 1985;100:126-31.

2.	 Wilkins E, Wilson L, Wickramasinghe K, et al. European 
Cardiovascular Disease Statistics 2017. In: European Heart 
Network, ed. Brussels, 2017.

3.	 WHO Europe. Physical activity strategy for the WHO 
European Region 2016–2025. Copenhagen, 2016.

4.	 WHO Europe. Global action plan on physical activity 2018–
2030: more active people for a healthier world. Copenhagen, 
2018.

5.	 WHO Europe. Physical activity factsheets. Copenhagen, 
2018.

6.	 Europe WROf. Factsheets on health enhancing physical 
activity in the 28 European Union member states of the 
WHO European region. Copenhagen, 2015.

7.	 Commission E. Special Eurobarometer 472: Sport and 
physical activity. Brussels, 2018.

8.	 Bull FCM, T.S.; Armstrong, T. Global physical activity 
questionnaire (GPAQ): nine country reliability and validity 
study. JPhysActHealth 2009;6(6):790.

9.	 WHO. WHO World Health Survey. http://www.who.int/
healthinfo/survey/en/: WHO.

10.	 Gesis. The European Commission’s Eurobarometer Surveys. 
https://www.gesis.org/eurobarometer-data-service/home/, 
2019.

11.	 WHO. STEPwise approach to Surveillance (STEPS). http://
www.who.int/ncds/surveillance/steps/en/, 2019.

12.	 Riley L, Guthold R, Cowan M, et al. The World Health 
Organization STEPwise Approach to Noncommunicable 
Disease Risk-Factor Surveillance: Methods, Challenges, 
and Opportunities. Am J Public Health 2016;106(1):74-8. 
doi: 10.2105/AJPH.2015.302962 [published Online First: 
2015/12/24]

13.	 Hallal PC, Andersen LB, Bull F, et al. Global physical activity 
levels: past, present, and future. Lancet 2012;in press

14.	 Sallis JF, Bull F, Burdett R, et al. Use of science to guide city 
planning policy and practice: how to achieve healthy and 
sustainable future cities. Lancet 2016 doi: 10.1016/S0140-
6736(16)30068-X

15.	 Lee IM, Shiroma EJ, Lobelo F, et al. Effect of physical 
inactivity on major non-communicable diseases worldwide: 
an analysis of burden of disease and life expectancy. Lancet 
2012;380(9838):219-29. doi: S0140-6736(12)61031-9 
[pii];10.1016/S0140-6736(12)61031-9 [doi]

16.	 Guthold R, Stevens GA, Riley LM, et al. Worldwide trends 
in insufficient physical activity from 2001 to 2016: a pooled 
analysis of 358 population-based surveys with 1.9 million 
participants. Lancet Glob Health 2018;6(10):e1077-e86. doi: 
10.1016/S2214-109X(18)30357-7 [published Online First: 
2018/09/09]

17.	 Nordengen S, Andersen LB, Solbraa AK, et al. Cycling is 
associated with a lower incidence of cardiovascular diseases 
and death: Part 1 - systematic review of cohort studies with 
meta-analysis. Br J Sports Med 2019;53(14):870-78. doi: 
10.1136/bjsports-2018-099099 [published Online First: 
2019/06/04]

18.	 Coenen P, Huysmans MA, Holtermann A, et al. Do highly 
physically active workers die early? A systematic review 
with meta-analysis of data from 193 696 participants. 
Br J Sports Med 2018;52(20):1320-26. doi: 10.1136/
bjsports-2017-098540 [published Online First: 2018/05/16]

19.	 Blond K, Brinklov CF, Ried-Larsen M, et al. Association 
of high amounts of physical activity with mortality risk: a 
systematic review and meta-analysis. Br J Sports Med 2019 
doi: 10.1136/bjsports-2018-100393 [published Online First: 
2019/08/14]

20.	 Bull F, Goenka S, Lambert V, et al. Physical Activity for the 
Prevention of Cardiometabolic Disease. In: rd, Prabhakaran 
D, Anand S, et al., eds. Cardiovascular, Respiratory, and 
Related Disorders. Washington (DC)2017.

21.	 WHO. Global school-based student health survey. http://www.
who.int/chp/gshs/en/, 2011.

22.	 WHO Europe. Inequalities in young people’s health: 
HBSC international report from the 2005/2006 survey. 
Copenhagen: WHO Regional Office for Europe, 2008.

23.	 Cooper AR, Goodman A, Page AS, et al. Objectively 
measured physical activity and sedentary time in youth: the 
International children’s accelerometry database (ICAD). Int 
J Behav Nutr Phys Act 2015;12:113. doi: 10.1186/s12966-
015-0274-5 [published Online First: 2015/09/18]

24.	 Warburton DE, Charlesworth S, Ivey A, et al. A systematic 
review of the evidence for Canada’s Physical Activity 
Guidelines for Adults. IntJ BehavNutrPhysAct 2010;7:39. 
doi: 1479-5868-7-39 [pii];10.1186/1479-5868-7-39 [doi]

25.	 Ekelund U, Tarp J, Steene-Johannessen J, et al. Dose-
response associations between accelerometry measured 
physical activity and sedentary time and all cause mortality: 
systematic review and harmonised meta-analysis. BMJ 
2019;366:l4570. doi: 10.1136/bmj.l4570 [published Online 
First: 2019/08/23]

26.	 Gupta R, Wood DA. Primary prevention of ischaemic heart 
disease: populations, individuals, and health professionals. 
Lancet 2019;394(10199):685-96. doi: 10.1016/S0140-
6736(19)31893-8 [published Online First: 2019/08/27]

27.	 Hill AB. The Environment and Disease: Association or 
Causation? Proc R Soc Med 1965;58:295-300. [published 
Online First: 1965/05/01]

28.	 Piepoli MF, Hoes AW, Agewall S, et al. 2016 European 
Guidelines on cardiovascular disease prevention in clinical 
practice: The Sixth Joint Task Force of the European 
Society of Cardiology and Other Societies on Cardiovascular 
Disease Prevention in Clinical Practice (constituted by 
representatives of 10 societies and by invited experts)
Developed with the special contribution of the European 
Association for Cardiovascular Prevention & Rehabilitation 
(EACPR). Eur Heart J 2016;37(29):2315-81. doi: 10.1093/
eurheartj/ehw106 [published Online First: 2016/05/26]

29.	 Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/
AHA Guideline on the Primary Prevention of Cardiovascular 
Disease. Circulation 2019:CIR0000000000000678. doi: 
10.1161/CIR.0000000000000678 [published Online First: 
2019/03/19]

30.	 Piercy KL, Troiano RP, Ballard RM, et al. The 
Physical Activity Guidelines for Americans. JAMA 
2018;320(19):2020-28. doi: 10.1001/jama.2018.14854 
[published Online First: 2018/11/13]

31.	 Warburton DER, Bredin SSD. Health benefits of physical 
activity: a systematic review of current systematic reviews. 
Curr Opin Cardiol 2017;32(5):541-56. doi: 10.1097/
HCO.0000000000000437 [published Online First: 
2017/07/15]

32.	 Kraus WE, Powell KE, Haskell WL, et al. Physical Activity, 
All-Cause and Cardiovascular Mortality, and Cardiovascular 
Disease. Med Sci Sports Exerc 2019;51(6):1270-81. doi: 
10.1249/MSS.0000000000001939 [published Online First: 
2019/05/17]

33.	 Wahid A, Manek N, Nichols M, et al. Quantifying the 
Association Between Physical Activity and Cardiovascular 
Disease and Diabetes: A Systematic Review and Meta-
Analysis. J Am Heart Assoc 2016;5(9) doi: 10.1161/
JAHA.115.002495 [published Online First: 2016/09/16]

34.	 Heikkila K, Coughlin PA, Pentti J, et al. Physical activity and 
peripheral artery disease: Two prospective cohort studies and 
a systematic review. Atherosclerosis 2019;286:114-20. doi: 
10.1016/j.atherosclerosis.2019.05.008 [published Online 
First: 2019/05/29]



Physical activity policies for cardiovascular health� 41

35.	 Sattelmair J, Pertman J, Ding EL, et al. Dose response 
between physical activity and risk of coronary heart disease: 
a meta-analysis. Circulation 2011;124(7):789-95. doi: 
10.1161/CIRCULATIONAHA.110.010710 [published Online 
First: 2011/08/04]

36.	 Kyu HH, Bachman VF, Alexander LT, et al. Physical activity 
and risk of breast cancer, colon cancer, diabetes, ischemic 
heart disease, and ischemic stroke events: systematic review 
and dose-response meta-analysis for the Global Burden of 
Disease Study 2013. BMJ 2016;354:i3857. doi: 10.1136/
bmj.i3857 [published Online First: 2016/08/12]

37.	 Kamada M, Shiroma EJ, Buring JE, et al. Strength Training 
and All-Cause, Cardiovascular Disease, and Cancer Mortality 
in Older Women: A Cohort Study. J Am Heart Assoc 
2017;6(11) doi: 10.1161/JAHA.117.007677 [published 
Online First: 2017/11/02]

38.	 Liu Y, Lee DC, Li Y, et al. Associations of Resistance 
Exercise with Cardiovascular Disease Morbidity and 
Mortality. Med Sci Sports Exerc 2019;51(3):499-508. doi: 
10.1249/MSS.0000000000001822 [published Online First: 
2018/10/31]

39.	 Handy CE, Blaha MJ. Strong Implications But Weak 
Evidence for Strength Training. J Am Heart Assoc 
2017;6(11) doi: 10.1161/JAHA.117.007761 [published 
Online First: 2017/11/19]

40.	 Pollock ML, Franklin BA, Balady GJ, et al. AHA Science 
Advisory. Resistance exercise in individuals with and without 
cardiovascular disease: benefits, rationale, safety, and 
prescription: An advisory from the Committee on Exercise, 
Rehabilitation, and Prevention, Council on Clinical Cardiology, 
American Heart Association; Position paper endorsed 
by the American College of Sports Medicine. Circulation 
2000;101(7):828-33.

41.	 Pandey A, Garg S, Khunger M, et al. Dose-Response 
Relationship Between Physical Activity and Risk of Heart 
Failure: A Meta-Analysis. Circulation 2015;132(19):1786-94. 
doi: 10.1161/CIRCULATIONAHA.115.015853 [published 
Online First: 2015/10/07]

42.	 Echouffo-Tcheugui JB, Butler J, Yancy CW, et al. 
Association of Physical Activity or Fitness With Incident 
Heart Failure: A Systematic Review and Meta-Analysis. 
Circ Heart Fail 2015;8(5):853-61. doi: 10.1161/
CIRCHEARTFAILURE.115.002070 [published Online First: 
2015/07/16]

43.	 LaMonte MJ, Manson JE, Chomistek AK, et al. Physical 
Activity and Incidence of Heart Failure in Postmenopausal 
Women. JACC Heart Fail 2018;6(12):983-95. doi: 10.1016/j.
jchf.2018.06.020 [published Online First: 2018/09/10]

44.	 Hupin D, Roche F, Gremeaux V, et al. Even a low-dose of 
moderate-to-vigorous physical activity reduces mortality by 
22% in adults aged >/=60 years: a systematic review and 
meta-analysis. Br J Sports Med 2015;49(19):1262-7. doi: 
10.1136/bjsports-2014-094306 [published Online First: 
2015/08/05]

45.	 Lachman S, Boekholdt SM, Luben RN, et al. Impact of 
physical activity on the risk of cardiovascular disease in 
middle-aged and older adults: EPIC Norfolk prospective 
population study. Eur J Prev Cardiol 2018;25(2):200-08. 
doi: 10.1177/2047487317737628 [published Online First: 
2017/11/23]

46.	 Zhao M, Veeranki SP, Li S, et al. Beneficial associations of 
low and large doses of leisure time physical activity with 
all-cause, cardiovascular disease and cancer mortality: a 
national cohort study of 88,140 US adults. Br J Sports Med 
2019 doi: 10.1136/bjsports-2018-099254 [published Online 
First: 2019/03/21]

47.	 LaCroix AZ, Bellettiere J, Rillamas-Sun E, et al. 
Association of Light Physical Activity Measured by 
Accelerometry and Incidence of Coronary Heart 
Disease and Cardiovascular Disease in Older Women. 
JAMA Netw Open 2019;2(3):e190419. doi: 10.1001/
jamanetworkopen.2019.0419 [published Online First: 
2019/03/16]

48.	 Fuzeki E, Engeroff T, Banzer W. Health Benefits of 
Light-Intensity Physical Activity: A Systematic Review 
of Accelerometer Data of the National Health and 
Nutrition Examination Survey (NHANES). Sports Med 
2017;47(9):1769-93. doi: 10.1007/s40279-017-0724-0 
[published Online First: 2017/04/11]

49.	 Stamatakis E, Kelly P, Strain T, et al. Self-rated walking 
pace and all-cause, cardiovascular disease and cancer 
mortality: individual participant pooled analysis of 50 225 
walkers from 11 population British cohorts. Br J Sports Med 
2018;52(12):761-68. doi: 10.1136/bjsports-2017-098677 
[published Online First: 2018/06/03]

50.	 Jefferis BJ, Parsons TJ, Sartini C, et al. Does total volume 
of physical activity matter more than pattern for onset of 
CVD? A prospective cohort study of older British men. Int J 
Cardiol 2019;278:267-72. doi: 10.1016/j.ijcard.2018.12.024 
[published Online First: 2018/12/24]

51.	 Saint-Maurice PF, Troiano RP, Matthews CE, et al. Moderate-
to-Vigorous Physical Activity and All-Cause Mortality: Do 
Bouts Matter? J Am Heart Assoc 2018;7(6) doi: 10.1161/
JAHA.117.007678 [published Online First: 2018/03/24]

52.	 Jakicic JM, Kraus WE, Powell KE, et al. Association between 
Bout Duration of Physical Activity and Health: Systematic 
Review. Med Sci Sports Exerc 2019;51(6):1213-19. doi: 
10.1249/MSS.0000000000001933 [published Online First: 
2019/05/17]

53.	 Murphy MH, Lahart I, Carlin A, et al. The Effects of 
Continuous Compared to Accumulated Exercise on Health: 
A Meta-Analytic Review. Sports Med 2019 doi: 10.1007/
s40279-019-01145-2 [published Online First: 2019/07/04]

54.	 Young DR, Haskell WL. Accumulation of Moderate-to-
Vigorous Physical Activity and All-Cause Mortality. J Am 
Heart Assoc 2018;7(6) doi: 10.1161/JAHA.118.008929 
[published Online First: 2018/03/24]

55.	 Stamatakis E, Johnson NA, Powell L, et al. Short and 
sporadic bouts in the 2018 US physical activity guidelines: 
is high-intensity incidental physical activity the new HIIT? 
Br J Sports Med 2019 doi: 10.1136/bjsports-2018-100397 
[published Online First: 2019/02/23]

56.	 de Souto Barreto P, Cesari M, Andrieu S, et al. Physical 
Activity and Incident Chronic Diseases: A Longitudinal 
Observational Study in 16 European Countries. Am 
J Prev Med 2017;52(3):373-78. doi: 10.1016/j.
amepre.2016.08.028 [published Online First: 2016/10/18]

57.	 Shiroma EJ, Lee IM, Schepps MA, et al. Physical Activity 
Patterns and Mortality: The Weekend Warrior and Activity 
Bouts. Med Sci Sports Exerc 2019;51(1):35-40. doi: 
10.1249/MSS.0000000000001762 [published Online First: 
2018/08/24]

58.	 O’Donovan G, Lee IM, Hamer M, et al. Association of 
“Weekend Warrior” and Other Leisure Time Physical Activity 
Patterns With Risks for All-Cause, Cardiovascular Disease, 
and Cancer Mortality. JAMA Intern Med 2017;177(3):335-
42. doi: 10.1001/jamainternmed.2016.8014 [published 
Online First: 2017/01/18]

59.	 Boisvert-Vigneault K, Payette H, Audet M, et al. 
Relationships between physical activity across lifetime 
and health outcomes in older adults: Results from the 
NuAge cohort. Prev Med 2016;91:37-42. doi: 10.1016/j.
ypmed.2016.07.018 [published Online First: 2016/07/30]

60.	 Laddu D, Parimi N, Cauley JA, et al. The Association 
Between Trajectories of Physical Activity and All-Cause 
and Cause-Specific Mortality. J Gerontol A Biol Sci Med 
Sci 2018;73(12):1708-13. doi: 10.1093/gerona/gly037 
[published Online First: 2018/03/13]

61.	 Lear SA, Hu W, Rangarajan S, et al. The effect of physical 
activity on mortality and cardiovascular disease in 130 
000 people from 17 high-income, middle-income, 
and low-income countries: the PURE study. Lancet 
2017;390(10113):2643-54. doi: 10.1016/S0140-
6736(17)31634-3 [published Online First: 2017/09/26]

62.	 Hallman DM, Birk Jorgensen M, Holtermann A. On the 
health paradox of occupational and leisure-time physical 
activity using objective measurements: Effects on autonomic 
imbalance. PLoS One 2017;12(5):e0177042. doi: 10.1371/
journal.pone.0177042 [published Online First: 2017/05/05]



42� Physical activity policies for cardiovascular health

63.	 Holtermann A, Krause N, van der Beek AJ, et al. The 
physical activity paradox: six reasons why occupational 
physical activity (OPA) does not confer the cardiovascular 
health benefits that leisure time physical activity does. 
Br J Sports Med 2018;52(3):149-50. doi: 10.1136/
bjsports-2017-097965 [published Online First: 2017/08/12]

64.	 Wanner M, Tarnutzer S, Martin BW, et al. Impact of different 
domains of physical activity on cause-specific mortality: a 
longitudinal study. Prev Med 2014;62:89-95. doi: 10.1016/j.
ypmed.2014.01.025 [published Online First: 2014/02/12]

65.	 Harari G, Green MS, Zelber-Sagi S. Combined association 
of occupational and leisure-time physical activity with 
all-cause and coronary heart disease mortality among a 
cohort of men followed-up for 22 years. Occup Environ Med 
2015;72(9):617-24. doi: 10.1136/oemed-2014-102613 
[published Online First: 2015/03/26]

66.	 Ferrario MM, Roncaioli M, Veronesi G, et al. Differing 
associations for sport versus occupational physical activity 
and cardiovascular risk. Heart 2018;104(14):1165-72. doi: 
10.1136/heartjnl-2017-312594 [published Online First: 
2018/02/15]

67.	 Oja P, Kelly P, Murtagh EM, et al. Effects of frequency, 
intensity, duration and volume of walking interventions on 
CVD risk factors: a systematic review and meta-regression 
analysis of randomised controlled trials among inactive 
healthy adults. Br J Sports Med 2018;52(12):769-75. doi: 
10.1136/bjsports-2017-098558 [published Online First: 
2018/06/03]

68.	 Patel AV, Hildebrand JS, Leach CR, et al. Walking in Relation 
to Mortality in a Large Prospective Cohort of Older U.S. 
Adults. Am J Prev Med 2018;54(1):10-19. doi: 10.1016/j.
amepre.2017.08.019 [published Online First: 2017/10/24]

69.	 Lee DC, Brellenthin AG, Thompson PD, et al. Running as 
a Key Lifestyle Medicine for Longevity. Prog Cardiovasc 
Dis 2017;60(1):45-55. doi: 10.1016/j.pcad.2017.03.005 
[published Online First: 2017/04/04]

70.	 Oja P, Titze S, Kokko S, et al. Health benefits of different 
sport disciplines for adults: systematic review of 
observational and intervention studies with meta-analysis. 
Br J Sports Med 2015;49(7):434-40. doi: 10.1136/
bjsports-2014-093885 [published Online First: 2015/01/09]

71.	 Oja P, Kelly P, Pedisic Z, et al. Associations of specific types 
of sports and exercise with all-cause and cardiovascular-
disease mortality: a cohort study of 80 306 British adults. 
Br J Sports Med 2017;51(10):812-17. doi: 10.1136/
bjsports-2016-096822 [published Online First: 2016/11/30]

72.	 Florido R, Zhao D, Ndumele CE, et al. Physical Activity, 
Parental History of Premature Coronary Heart Disease, and 
Incident Atherosclerotic Cardiovascular Disease in the 
Atherosclerosis Risk in Communities (ARIC) Study. J Am 
Heart Assoc 2016;5(9) doi: 10.1161/JAHA.116.003505 
[published Online First: 2016/09/01]

73.	 Arsenault BJ, Despres JP. Cardiovascular disease 
prevention: lifestyle attenuation of genetic risk. Nat Rev 
Cardiol 2017;14(4):187-88. doi: 10.1038/nrcardio.2017.20 
[published Online First: 2017/02/17]

74.	 Carlsson AC, Arnlov J, Sundstrom J, et al. Physical 
activity, obesity and risk of cardiovascular disease 
in middle-aged men during a median of 30 years of 
follow-up. Eur J Prev Cardiol 2016;23(4):359-65. doi: 
10.1177/2047487314568034 [published Online First: 
2015/01/22]

75.	 O’Donovan G, Stamatakis E, Stensel DJ, et al. The 
Importance of Vigorous-Intensity Leisure-Time Physical 
Activity in Reducing Cardiovascular Disease Mortality Risk 
in the Obese. Mayo Clin Proc 2018;93(8):1096-103. doi: 
10.1016/j.mayocp.2018.01.016 [published Online First: 
2018/03/07]

76.	 Yates T, Haffner SM, Schulte PJ, et al. Association between 
change in daily ambulatory activity and cardiovascular events 
in people with impaired glucose tolerance (NAVIGATOR trial): 
a cohort analysis. Lancet 2014;383(9922):1059-66. doi: 
10.1016/S0140-6736(13)62061-9 [published Online First: 
2013/12/24]

77.	 Sanchis-Gomar F, Perez LM, Joyner MJ, et al. Endurance 
Exercise and the Heart: Friend or Foe? Sports Med 
2016;46(4):459-66. doi: 10.1007/s40279-015-0434-4 
[published Online First: 2015/11/21]

78.	 Eijsvogels TMH, Thompson PD, Franklin BA. The “Extreme 
Exercise Hypothesis”: Recent Findings and Cardiovascular 
Health Implications. Curr Treat Options Cardiovasc Med 
2018;20(10):84. doi: 10.1007/s11936-018-0674-3 
[published Online First: 2018/08/30]

79.	 Ozemek C, Laddu DR, Lavie CJ, et al. An Update on the 
Role of Cardiorespiratory Fitness, Structured Exercise and 
Lifestyle Physical Activity in Preventing Cardiovascular 
Disease and Health Risk. Prog Cardiovasc Dis 2018;61(5-
6):484-90. doi: 10.1016/j.pcad.2018.11.005 [published 
Online First: 2018/11/18]

80.	 DeFina LF, Radford NB, Barlow CE, et al. Association of 
All-Cause and Cardiovascular Mortality With High Levels 
of Physical Activity and Concurrent Coronary Artery 
Calcification. JAMA Cardiol 2019;4(2):174-81. doi: 10.1001/
jamacardio.2018.4628 [published Online First: 2019/01/31]

81.	 Goodman JM, Burr JF, Banks L, et al. The Acute Risks 
of Exercise in Apparently Healthy Adults and Relevance 
for Prevention of Cardiovascular Events. Can J Cardiol 
2016;32(4):523-32. doi: 10.1016/j.cjca.2016.01.019 
[published Online First: 2016/03/29]

82.	 Hagnas MJ, Lakka TA, Makikallio TH, et al. High Leisure-
Time Physical Activity Is Associated With Reduced 
Risk of Sudden Cardiac Death Among Men With Low 
Cardiorespiratory Fitness. Can J Cardiol 2018;34(3):288-94. 
doi: 10.1016/j.cjca.2017.12.003 [published Online First: 
2018/02/06]

83.	 Mills K, Dudley D, Collins NJ. Do the benefits of participation 
in sport and exercise outweigh the negatives? An academic 
review. Best Pract Res Clin Rheumatol 2019;33(1):172-87. 
doi: 10.1016/j.berh.2019.01.015 [published Online First: 
2019/08/23]

84.	 Meschia JF, Bushnell C, Boden-Albala B, et al. Guidelines for 
the primary prevention of stroke: a statement for healthcare 
professionals from the American Heart Association/American 
Stroke Association. Stroke 2014;45(12):3754-832. doi: 
10.1161/STR.0000000000000046 [published Online First: 
2014/10/31]

85.	 Kubota Y, Iso H, Yamagishi K, et al. Daily Total Physical 
Activity and Incident Stroke: The Japan Public Health Center-
Based Prospective Study. Stroke 2017;48(7):1730-36. doi: 
10.1161/STROKEAHA.117.017560 [published Online First: 
2017/06/07]

86.	 Willey JZ, Voutsinas J, Sherzai A, et al. Trajectories in 
Leisure-Time Physical Activity and Risk of Stroke in Women 
in the California Teachers Study. Stroke 2017;48(9):2346-52. 
doi: 10.1161/STROKEAHA.117.017465 [published Online 
First: 2017/08/11]

87.	 Jeong HG, Kim DY, Kang DW, et al. Physical Activity 
Frequency and the Risk of Stroke: A Nationwide Cohort 
Study in Korea. J Am Heart Assoc 2017;6(9) doi: 10.1161/
JAHA.117.005671 [published Online First: 2017/09/01]

88.	 Kivimaki M, Singh-Manoux A, Pentti J, et al. Physical 
inactivity, cardiometabolic disease, and risk of dementia: an 
individual-participant meta-analysis. BMJ 2019;365:l1495. 
doi: 10.1136/bmj.l1495 [published Online First: 2019/04/19]

89.	 Soares-Miranda L, Siscovick DS, Psaty BM, et al. 
Physical Activity and Risk of Coronary Heart Disease 
and Stroke in Older Adults: The Cardiovascular Health 
Study. Circulation 2016;133(2):147-55. doi: 10.1161/
CIRCULATIONAHA.115.018323 [published Online First: 
2015/11/06]

90.	 Bennett DA, Du H, Clarke R, et al. Association of Physical 
Activity With Risk of Major Cardiovascular Diseases in 
Chinese Men and Women. JAMA Cardiol 2017;2(12):1349-
58. doi: 10.1001/jamacardio.2017.4069 [published Online 
First: 2017/11/09]

91.	 Hamer M, O’Donovan G, Stamatakis E. Association between 
physical activity and sub-types of cardiovascular disease 
death causes in a general population cohort. Eur J Epidemiol 
2019;34(5):483-87. doi: 10.1007/s10654-018-0460-2 
[published Online First: 2018/11/13]



Physical activity policies for cardiovascular health� 43

92.	 Lindbohm JV, Rautalin I, Jousilahti P, et al. Physical activity 
associates with subarachnoid hemorrhage risk- a population-
based long-term cohort study. Sci Rep 2019;9(1):9219. 
doi: 10.1038/s41598-019-45614-0 [published Online First: 
2019/06/27]

93.	 Haapanen-Niemi N, Vuori I, Pasanen M. Public health 
burden of coronary heart disease risk factors among middle-
aged and elderly men. PrevMed 1999;28:343-48.

94.	 Ridker PM, Everett BM, Thuren T, et al. Antiinflammatory 
Therapy with Canakinumab for Atherosclerotic Disease. 
N Engl J Med 2017;377(12):1119-31. doi: 10.1056/
NEJMoa1707914 [published Online First: 2017/08/29]

95.	 Rajendran P, Rengarajan T, Thangavel J, et al. The 
vascular endothelium and human diseases. Int J Biol Sci 
2013;9(10):1057-69. doi: 10.7150/ijbs.7502 [published 
Online First: 2013/11/20]

96.	 Wasfy MM, Baggish AL. Exercise Dose in Clinical Practice. 
Circulation 2016;133(23):2297-313. doi: 10.1161/
CIRCULATIONAHA.116.018093 [published Online First: 
2016/06/09]

97.	 Winzer EB, Woitek F, Linke A. Physical Activity in the 
Prevention and Treatment of Coronary Artery Disease. J Am 
Heart Assoc 2018;7(4) doi: 10.1161/JAHA.117.007725 
[published Online First: 2018/02/14]

98.	 Pinckard K, Baskin KK, Stanford KI. Effects of Exercise 
to Improve Cardiovascular Health. Front Cardiovasc Med 
2019;6:69. doi: 10.3389/fcvm.2019.00069 [published 
Online First: 2019/06/20]

99.	 Fiuza-Luces C, Santos-Lozano A, Joyner M, et al. Exercise 
benefits in cardiovascular disease: beyond attenuation of 
traditional risk factors. Nat Rev Cardiol 2018;15(12):731-43. 
doi: 10.1038/s41569-018-0065-1 [published Online First: 
2018/08/18]

100.	 Grontved A, Hu FB. Television viewing and risk of type 2 
diabetes, cardiovascular disease, and all-cause mortality: 
a meta-analysis. JAMA 2011;305(23):2448-55. doi: 
305/23/2448 [pii];10.1001/jama.2011.812 [doi]

101.	 Ekelund U, Steene-Johannessen J, Brown WJ, et al. Does 
physical activity attenuate, or even eliminate, the detrimental 
association of sitting time with mortality? A harmonised meta-
analysis of data from more than 1 million men and women. 
Lancet 2016;388(10051):1302-10. doi: 10.1016/S0140-
6736(16)30370-1 [published Online First: 2016/08/01]

102.	 Ekelund U, Brown WJ, Steene-Johannessen J, et al. Do 
the associations of sedentary behaviour with cardiovascular 
disease mortality and cancer mortality differ by physical 
activity level? A systematic review and harmonised meta-
analysis of data from 850 060 participants. Br J Sports Med 
2019;53(14):886-94. doi: 10.1136/bjsports-2017-098963 
[published Online First: 2018/07/12]

103.	 Healy GN, Dunstan DW, Salmon J, et al. Breaks in sedentary 
time: beneficial associations with metabolic risk. Diabetes 
Care 2008;31(4):661-66. doi: dc07-2046 [pii];10.2337/
dc07-2046 [doi]

104.	 Berenson GS, Srinivasan RS, Bao W, et al. Association 
between multiple cardiovascular risk factors and 
atherosclerosis in children and young adults. NEnglJMed 
1998;338:1650-56.

105.	 Berenson GS, Wattigney WA, Tracy RE, et al. Atherosclerosis 
of the aorta and coronary arteries and cardiovascular risk 
factors in persons 6 to 30 years and studied at necropsy (the 
Bogalusa Heart Study). AmJCardiol 1992;70:851-58.

106.	 Ried-Larsen M, Grontved A, Froberg K, et al. Physical 
activity intensity and subclinical atherosclerosis in Danish 
adolescents: the European Youth Heart Study. Scand J Med 
Sci Sports 2013;23(3):e168-77. doi: 10.1111/sms.12046

107.	 Ried-Larsen M, Grontved A, Kristensen PL, et al. Moderate-
and-vigorous physical activity from adolescence to 
adulthood and subclinical atherosclerosis in adulthood: 
prospective observations from the European Youth Heart 
Study. Br J Sports Med 2015;49(2):107-12. doi: 10.1136/
bjsports-2013-092409

108.	 Andersen LB, Wedderkopp N, Hansen HS, et al. Biological 
cardiovascular risk factors cluster in Danish children and 
adolescents. Danish part of the European Heart Study. 
PrevMed 2003;37:363-67.

109.	 Andersen LB, Harro M, Sardinha LB, et al. Physical activity 
and clustered cardiovascular risk in children: a cross-
sectional study (The European Youth Heart Study). Lancet 
2006;368(9532):299-304.

110.	 Anderssen SA, Cooper AR, Riddoch C, et al. Low 
cardiorespiratory fitness is a strong predictor for clustering of 
cardiovascular disease risk factors in children independent 
of country, age and sex. EurJCardiovascPrevRehabil 
2007;14(4):526-31.

111.	 Andersen LB, Lauersen JB, Brond JC, et al. A new 
approach to define and diagnose cardiometabolic disorder 
in children. JDiabetes Res 2015;2015:539835. doi: 
10.1155/2015/539835 [doi]

112.	 Ostergaard L, Borrestad LA, Tarp J, et al. Bicycling to 
school improves the cardiometabolic risk factor profile: 
a randomised controlled trial. BMJ Open 2012;2(6) doi: 
10.1136/bmjopen-2012-001307

113.	 WHO. Global recommendations on physical activity for 
health. Switzerland, 2010:1-57.

114.	 Aadland E, Andersen LB, Anderssen SA, et al. A comparison 
of 10 accelerometer non-wear time criteria and logbooks in 
children. BMC Public Health 2018;18(1):323. doi: 10.1186/
s12889-018-5212-4 [published Online First: 2018/03/08]

115.	 Aadland E, Andersen LB, Resaland GK, et al. Interpretation 
of Multivariate Association Patterns between Multicollinear 
Physical Activity Accelerometry Data and Cardiometabolic 
Health in Children-A Tutorial. Metabolites 2019;9(7) 
doi: 10.3390/metabo9070129 [published Online First: 
2019/07/05]

116.	 Aadland E, Kvalheim OM, Anderssen SA, et al. The 
multivariate physical activity signature associated with 
metabolic health in children. Int J Behav Nutr Phys 
Act 2018;15(1):77. doi: 10.1186/s12966-018-0707-z 
[published Online First: 2018/08/17]

117.	 Andersen LB, Lawlor DA, Cooper AR, et al. Physical fitness 
in relation to transport to school in adolescents: the Danish 
youth and sports study. ScandJMedSciSports 2009;19:406-
11.

118.	 Cooper AR, Wedderkopp N, Wang H, et al. Active travel to 
school and cardiovascular fitness in Danish children and 
adolescents. MedSciSports Exerc 2006;38(10):1724-31.

119.	 Andersen LB, Wedderkopp N, Kristensen P, et al. Cycling to 
school and cardiovascular risk factors: a longitudinal study. J 
Phys Act Health 2011;8(8):1025-33.

120.	 Cooper AR, Wedderkopp N, Jago R, et al. Longitudinal 
associations of cycling to school with adolescent fitness. 
PrevMed 2008;47(3):324-28.

121.	 Ostergaard L, Grontved A, Borrestad LA, et al. Cycling to 
school is associated with lower BMI and lower odds of being 
overweight or obese in a large population-based study of 
Danish adolescents. J Phys Act Health 2012;9(5):617-25.

122.	 Celis-Morales CA, Lyall DM, Welsh P, et al. Association 
between active commuting and incident cardiovascular 
disease, cancer, and mortality: prospective cohort study. 
BMJ 2017;357:j1456. doi: 10.1136/bmj.j1456

123.	 Singh AS, Saliasi E, van den Berg V, et al. Effects of 
physical activity interventions on cognitive and academic 
performance in children and adolescents: a novel 
combination of a systematic review and recommendations 
from an expert panel. Br J Sports Med 2019;53(10):640-47. 
doi: 10.1136/bjsports-2017-098136 [published Online First: 
2018/08/01]

124.	 Strong WB, Malina RM, Blimkie CJ, et al. Evidence 
Based Physical Activity for School-age Youth. J Pediatr 
2005;146(6):732-37.

125.	 Lerum O, Aadland E, Andersen LB, et al. Validity of 
noninvasive composite scores to assess cardiovascular 
risk in 10-year-old children. Scand J Med Sci Sports 
2017;27(8):865-72. doi: 10.1111/sms.12826 [published 
Online First: 2017/01/17]

126.	 Zimmet P, Alberti KG, Kaufman F, et al. The metabolic 
syndrome in children and adolescents - an IDF consensus 
report. PediatrDiabetes 2007;8(5):299-306. doi: PDI271 
[pii];10.1111/j.1399-5448.2007.00271.x [doi]



44� Physical activity policies for cardiovascular health

127.	 Ekelund U, Anderssen S, Andersen LB, et al. Prevalence and 
correlates of the metabolic syndrome in a population-based 
sample of European youth. AmJ ClinNutr 2009;89(1):90-96. 
doi: ajcn.2008.26649 [pii];10.3945/ajcn.2008.26649 [doi]

128.	 Piepoli MF, Corra U, Dendale P, et al. Challenges in 
secondary prevention after acute myocardial infarction: A 
call for action. European heart journal Acute cardiovascular 
care 2017;6(4):299-310. doi: 10.1177/2048872616689773 
[published Online First: 2017/06/14]

129.	 Mons U, Hahmann H, Brenner H. A reverse J-shaped 
association of leisure time physical activity with prognosis 
in patients with stable coronary heart disease: evidence 
from a large cohort with repeated measurements. Heart 
2014;100(13):1043-9. doi: 10.1136/heartjnl-2013-305242 
[published Online First: 2014/05/16]

130.	 Stewart RAH, Held C, Hadziosmanovic N, et al. Physical 
Activity and Mortality in Patients With Stable Coronary 
Heart Disease. J Am Coll Cardiol 2017;70(14):1689-700. 
doi: 10.1016/j.jacc.2017.08.017 [published Online First: 
2017/09/30]

131.	 Kieffer SK, Zisko N, Coombes JS, et al. Personal 
Activity Intelligence and Mortality in Patients with 
Cardiovascular Disease: The HUNT Study. Mayo Clin Proc 
2018;93(9):1191-201. doi: 10.1016/j.mayocp.2018.03.029 
[published Online First: 2018/09/09]

132.	 Moholdt T, Lavie CJ, Nauman J. Sustained Physical 
Activity, Not Weight Loss, Associated With Improved 
Survival in Coronary Heart Disease. J Am Coll Cardiol 
2018;71(10):1094-101. doi: 10.1016/j.jacc.2018.01.011 
[published Online First: 2018/03/10]

133.	 Ek A, Ekblom O, Hambraeus K, et al. Physical inactivity 
and smoking after myocardial infarction as predictors for 
readmission and survival: results from the SWEDEHEART-
registry. Clin Res Cardiol 2019;108(3):324-32. doi: 10.1007/
s00392-018-1360-x [published Online First: 2018/09/01]

134.	 Karjalainen JJ, Kiviniemi AM, Hautala AJ, et al. Effects of 
physical activity and exercise training on cardiovascular risk 
in coronary artery disease patients with and without type 2 
diabetes. Diabetes Care 2015;38(4):706-15. doi: 10.2337/
dc14-2216 [published Online First: 2015/01/17]

135.	 Peri-Okonny PA, Spertus JA, Grantham JA, et al. Physical 
Activity After Percutaneous Coronary Intervention for 
Chronic Total Occlusion and Its Association With Health 
Status. J Am Heart Assoc 2019;8(7):e011629. doi: 10.1161/
JAHA.118.011629 [published Online First: 2019/03/30]

136.	 Ekblom O, Ek A, Cider A, et al. Increased Physical Activity 
Post-Myocardial Infarction Is Related to Reduced Mortality: 
Results From the SWEDEHEART Registry. J Am Heart Assoc 
2018;7(24):e010108. doi: 10.1161/JAHA.118.010108 
[published Online First: 2018/12/19]

137.	 Lahtinen M, Toukola T, Junttila MJ, et al. Effect of Changes in 
Physical Activity on Risk for Cardiac Death in Patients With 
Coronary Artery Disease. Am J Cardiol 2018;121(2):143-48. 
doi: 10.1016/j.amjcard.2017.10.002 [published Online First: 
2017/11/12]

138.	 Richardson CR, Franklin B, Moy ML, et al. Advances 
in rehabilitation for chronic diseases: improving health 
outcomes and function. BMJ 2019;365:l2191. doi: 10.1136/
bmj.l2191 [published Online First: 2019/06/19]

139.	 van Halewijn G, Deckers J, Tay HY, et al. Lessons 
from contemporary trials of cardiovascular prevention 
and rehabilitation: A systematic review and meta-
analysis. Int J Cardiol 2017;232:294-303. doi: 10.1016/j.
ijcard.2016.12.125 [published Online First: 2017/01/18]

140.	 Kabboul NN, Tomlinson G, Francis TA, et al. Comparative 
Effectiveness of the Core Components of Cardiac 
Rehabilitation on Mortality and Morbidity: A Systematic 
Review and Network Meta-Analysis. J Clin Med 2018;7(12) 
doi: 10.3390/jcm7120514 [published Online First: 
2018/12/07]

141.	 Anderson L, Oldridge N, Thompson DR, et al. Exercise-
Based Cardiac Rehabilitation for Coronary Heart Disease: 
Cochrane Systematic Review and Meta-Analysis. J Am Coll 
Cardiol 2016;67(1):1-12. doi: 10.1016/j.jacc.2015.10.044 
[published Online First: 2016/01/15]

142.	 Powell R, McGregor G, Ennis S, et al. Is exercise-based 
cardiac rehabilitation effective? A systematic review and 
meta-analysis to re-examine the evidence. BMJ Open 
2018;8(3):e019656. doi: 10.1136/bmjopen-2017-019656 
[published Online First: 2018/03/16]

143.	 Santiago de Araujo Pio C, Marzolini S, Pakosh M, et al. Effect 
of Cardiac Rehabilitation Dose on Mortality and Morbidity: 
A Systematic Review and Meta-regression Analysis. 
Mayo Clin Proc 2017;92(11):1644-59. doi: 10.1016/j.
mayocp.2017.07.019 [published Online First: 2017/11/06]

144.	 Rauch B, Davos CH, Doherty P, et al. The prognostic effect 
of cardiac rehabilitation in the era of acute revascularisation 
and statin therapy: A systematic review and meta-analysis 
of randomized and non-randomized studies - The Cardiac 
Rehabilitation Outcome Study (CROS). Eur J Prev Cardiol 
2016;23(18):1914-39. doi: 10.1177/2047487316671181 
[published Online First: 2016/11/01]

145.	 Sumner J, Harrison A, Doherty P. The effectiveness of 
modern cardiac rehabilitation: A systematic review of recent 
observational studies in non-attenders versus attenders. 
PLoS One 2017;12(5):e0177658. doi: 10.1371/journal.
pone.0177658 [published Online First: 2017/05/13]

146.	 Abell B, Glasziou P, Hoffmann T. The Contribution of 
Individual Exercise Training Components to Clinical 
Outcomes in Randomised Controlled Trials of Cardiac 
Rehabilitation: A Systematic Review and Meta-regression. 
Sports Med Open 2017;3(1):19. doi: 10.1186/s40798-017-
0086-z [published Online First: 2017/05/10]

147.	 Campbell WW, Kraus WE, Powell KE, et al. High-Intensity 
Interval Training for Cardiometabolic Disease Prevention. 
Med Sci Sports Exerc 2019;51(6):1220-26. doi: 10.1249/
MSS.0000000000001934 [published Online First: 
2019/05/17]

148.	 Pattyn N, Beulque R, Cornelissen V. Aerobic Interval vs. 
Continuous Training in Patients with Coronary Artery Disease 
or Heart Failure: An Updated Systematic Review and Meta-
Analysis with a Focus on Secondary Outcomes. Sports Med 
2018;48(5):1189-205. doi: 10.1007/s40279-018-0885-5 
[published Online First: 2018/03/05]

149.	 Brunt A, Albines D, Hopkins-Rosseel D. The Effectiveness 
of Exercise on Cognitive Performance in Individuals with 
Known Vascular Disease: A Systematic Review. J Clin Med 
2019;8(3) doi: 10.3390/jcm8030294 [published Online 
First: 2019/03/06]

150.	 Banks L, Cacoilo J, Carter J, et al. Age-Related 
Improvements in Peak Cardiorespiratory Fitness among 
Coronary Heart Disease Patients Following Cardiac 
Rehabilitation. J Clin Med 2019;8(3) doi: 10.3390/
jcm8030310 [published Online First: 2019/03/08]

151.	 Hannan AL, Hing W, Simas V, et al. High-intensity interval 
training versus moderate-intensity continuous training within 
cardiac rehabilitation: a systematic review and meta-analysis. 
Open Access J Sports Med 2018;9:1-17. doi: 10.2147/
OAJSM.S150596 [published Online First: 2018/02/09]

152.	 Shepherd CW, While AE. Cardiac rehabilitation and quality of 
life: a systematic review. Int J Nurs Stud 2012;49(6):755-71. 
doi: 10.1016/j.ijnurstu.2011.11.019 [published Online First: 
2011/12/27]

153.	 Francis T, Kabboul N, Rac V, et al. The Effect of Cardiac 
Rehabilitation on Health-Related Quality of Life in Patients 
With Coronary Artery Disease: A Meta-analysis. Can J Cardiol 
2019;35(3):352-64. doi: 10.1016/j.cjca.2018.11.013 
[published Online First: 2019/03/04]

154.	 Hegewald J, Wegewitz UE, Euler U, et al. Interventions 
to support return to work for people with coronary heart 
disease. Cochrane Database Syst Rev 2019;3:CD010748. 
doi: 10.1002/14651858.CD010748.pub2 [published Online 
First: 2019/03/15]

155.	 Shields GE, Wells A, Doherty P, et al. Cost-effectiveness 
of cardiac rehabilitation: a systematic review. Heart 
2018;104(17):1403-10. doi: 10.1136/heartjnl-2017-312809 
[published Online First: 2018/04/15]



Physical activity policies for cardiovascular health� 45

156.	 Piepoli MF, Corra U, Benzer W, et al. Secondary prevention 
through cardiac rehabilitation: from knowledge to 
implementation. A position paper from the Cardiac 
Rehabilitation Section of the European Association of 
Cardiovascular Prevention and Rehabilitation. Eur J 
Cardiovasc Prev Rehabil 2010;17(1):1-17. doi: 10.1097/
HJR.0b013e3283313592 [published Online First: 
2009/12/03]

157.	 Dibben GO, Dalal HM, Taylor RS, et al. Cardiac rehabilitation 
and physical activity: systematic review and meta-
analysis. Heart 2018;104(17):1394-402. doi: 10.1136/
heartjnl-2017-312832 [published Online First: 2018/04/15]

158.	 Martinello N, Saunders S, Reid R. The Effectiveness of 
Interventions to Maintain Exercise and Physical Activity in 
Post-Cardiac Rehabilitation Populations: A SYSTEMATIC 
REVIEW AND META-ANALYSIS OF RANDOMIZED 
CONTROLLED TRIALS. J Cardiopulm Rehabil Prev 
2019;39(3):161-67. doi: 10.1097/HCR.0000000000000404 
[published Online First: 2019/04/26]

159.	 Swain DP, Franklin BA. Comparison of cardioprotective 
benefits of vigorous versus moderate intensity aerobic 
exercise. Am J Cardiol 2006;97(1):141-7. doi: 10.1016/j.
amjcard.2005.07.130 [published Online First: 2005/12/27]

160.	 Mittleman MA, Maclure M, Tofler GH, et al. Triggering of 
acute myocardial infarction by heavy physical exertion. New 
EnglJMed 1993;329:1677-83.

161.	 Franklin BA, Kaminsky LA, Kokkinos P. Quantitating 
the Dose of Physical Activity in Secondary Prevention: 
Relation of Exercise Intensity to Survival. Mayo Clin Proc 
2018;93(9):1158-63. doi: 10.1016/j.mayocp.2018.07.014 
[published Online First: 2018/09/09]

162.	 Williams MA, Haskell WL, Ades PA, et al. Resistance exercise 
in individuals with and without cardiovascular disease: 2007 
update: a scientific statement from the American Heart 
Association Council on Clinical Cardiology and Council on 
Nutrition, Physical Activity, and Metabolism. Circulation 
2007;116(5):572-84. doi: CIRCULATIONAHA.107.185214 
[pii];10.1161/CIRCULATIONAHA.107.185214 [doi]

163.	 McLeod JC, Stokes T, Phillips SM. Resistance Exercise 
Training as a Primary Countermeasure to Age-Related 
Chronic Disease. Front Physiol 2019;10:645. doi: 10.3389/
fphys.2019.00645 [published Online First: 2019/06/28]

164.	 Hollings M, Mavros Y, Freeston J, et al. The effect of 
progressive resistance training on aerobic fitness and 
strength in adults with coronary heart disease: A systematic 
review and meta-analysis of randomised controlled 
trials. Eur J Prev Cardiol 2017;24(12):1242-59. doi: 
10.1177/2047487317713329 [published Online First: 
2017/06/06]

165.	 Liu T, Chan AW, Liu YH, et al. Effects of Tai Chi-based 
cardiac rehabilitation on aerobic endurance, psychosocial 
well-being, and cardiovascular risk reduction among patients 
with coronary heart disease: A systematic review and 
meta-analysis. Eur J Cardiovasc Nurs 2018;17(4):368-83. 
doi: 10.1177/1474515117749592 [published Online First: 
2017/12/20]

166.	 Wang XQ, Pi YL, Chen PJ, et al. Traditional Chinese Exercise 
for Cardiovascular Diseases: Systematic Review and Meta-
Analysis of Randomized Controlled Trials. J Am Heart Assoc 
2016;5(3):e002562. doi: 10.1161/JAHA.115.002562 
[published Online First: 2016/03/11]

167.	 Claes J, Buys R, Budts W, et al. Longer-term effects of 
home-based exercise interventions on exercise capacity 
and physical activity in coronary artery disease patients: A 
systematic review and meta-analysis. Eur J Prev Cardiol 
2017;24(3):244-56. doi: 10.1177/2047487316675823 
[published Online First: 2016/11/01]

168.	 Anderson L, Sharp GA, Norton RJ, et al. Home-based versus 
centre-based cardiac rehabilitation. Cochrane Database Syst 
Rev 2017;6:CD007130. doi: 10.1002/14651858.CD007130.
pub4 [published Online First: 2017/07/01]

169.	 Xia TL, Huang FY, Peng Y, et al. Efficacy of Different Types 
of Exercise-Based Cardiac Rehabilitation on Coronary 
Heart Disease: a Network Meta-analysis. J Gen Intern Med 
2018;33(12):2201-09. doi: 10.1007/s11606-018-4636-y 
[published Online First: 2018/09/15]

170.	 Thomas RJ, Beatty AL, Beckie TM, et al. Home-Based 
Cardiac Rehabilitation: A Scientific Statement From the 
American Association of Cardiovascular and Pulmonary 
Rehabilitation, the American Heart Association, and 
the American College of Cardiology. J Am Coll Cardiol 
2019;74(1):133-53. doi: 10.1016/j.jacc.2019.03.008 
[published Online First: 2019/05/18]

171.	 Squires RW, Kaminsky LA, Porcari JP, et al. Progression 
of Exercise Training in Early Outpatient Cardiac 
Rehabilitation: AN OFFICIAL STATEMENT FROM THE 
AMERICAN ASSOCIATION OF CARDIOVASCULAR AND 
PULMONARY REHABILITATION. J Cardiopulm Rehabil Prev 
2018;38(3):139-46. doi: 10.1097/HCR.0000000000000337 
[published Online First: 2018/04/27]

172.	 Bullard T, Ji M, An R, et al. A systematic review and meta-
analysis of adherence to physical activity interventions 
among three chronic conditions: cancer, cardiovascular 
disease, and diabetes. BMC Public Health 2019;19(1):636. 
doi: 10.1186/s12889-019-6877-z [published Online First: 
2019/05/28]

173.	 Rawstorn JC, Gant N, Direito A, et al. Telehealth exercise-
based cardiac rehabilitation: a systematic review and 
meta-analysis. Heart 2016;102(15):1183-92. doi: 10.1136/
heartjnl-2015-308966 [published Online First: 2016/03/05]

174.	 Dinesen B, Spindler H. The Use of Telerehabilitation 
Technologies for Cardiac Patients to Improve Rehabilitation 
Activities and Unify Organizations: Qualitative Study. 
JMIR Rehabil Assist Technol 2018;5(2):e10758. doi: 
10.2196/10758 [published Online First: 2018/11/21]

175.	 Unal E, Giakoumidakis K, Khan E, et al. Mobile phone 
text messaging for improving secondary prevention in 
cardiovascular diseases: A systematic review. Heart Lung 
2018;47(4):351-59. doi: 10.1016/j.hrtlng.2018.05.009 
[published Online First: 2018/05/29]

176.	 Coorey GM, Neubeck L, Mulley J, et al. Effectiveness, 
acceptability and usefulness of mobile applications for 
cardiovascular disease self-management: Systematic 
review with meta-synthesis of quantitative and qualitative 
data. Eur J Prev Cardiol 2018;25(5):505-21. doi: 
10.1177/2047487317750913 [published Online First: 
2018/01/10]

177.	 Hamilton SJ, Mills B, Birch EM, et al. Smartphones in 
the secondary prevention of cardiovascular disease: a 
systematic review. BMC Cardiovasc Disord 2018;18(1):25. 
doi: 10.1186/s12872-018-0764-x [published Online First: 
2018/02/09]

178.	 Lynch EA, Jones TM, Simpson DB, et al. Activity monitors 
for increasing physical activity in adult stroke survivors. 
Cochrane Database Syst Rev 2018;7:CD012543. doi: 
10.1002/14651858.CD012543.pub2 [published Online First: 
2018/07/28]

179.	 Kanejima Y, Kitamura M, Izawa KP. Self-monitoring to 
increase physical activity in patients with cardiovascular 
disease: a systematic review and meta-analysis. Aging Clin 
Exp Res 2019;31(2):163-73. doi: 10.1007/s40520-018-
0960-7 [published Online First: 2018/05/02]

180.	 Long L, Anderson L, Dewhirst AM, et al. Exercise-based 
cardiac rehabilitation for adults with stable angina. 
Cochrane Database Syst Rev 2018;2:CD012786. doi: 
10.1002/14651858.CD012786.pub2 [published Online First: 
2018/02/03]

181.	 EHN. Heart Failure and Cardiovascular Diseases. 22nd April 
2019 ed. Brussel: European Heart Network, 2019.

182.	 Long L, Mordi IR, Bridges C, et al. Exercise-based 
cardiac rehabilitation for adults with heart failure. 
Cochrane Database Syst Rev 2019;1:CD003331. doi: 
10.1002/14651858.CD003331.pub5 [published Online First: 
2019/01/30]

183.	 Taylor RS, Walker S, Ciani O, et al. Exercise-based cardiac 
rehabilitation for chronic heart failure: the EXTRAMATCH 
II individual participant data meta-analysis. Health 
Technol Assess 2019;23(25):1-98. doi: 10.3310/hta23250 
[published Online First: 2019/05/30]



46� Physical activity policies for cardiovascular health

184.	 Imran HM, Baig M, Erqou S, et al. Home-Based Cardiac 
Rehabilitation Alone and Hybrid With Center-Based Cardiac 
Rehabilitation in Heart Failure: A Systematic Review and 
Meta-Analysis. J Am Heart Assoc 2019;8(16):e012779. 
doi: 10.1161/JAHA.119.012779 [published Online First: 
2019/08/20]

185.	 Risom SS, Zwisler AD, Johansen PP, et al. Exercise-based 
cardiac rehabilitation for adults with atrial fibrillation. 
Cochrane Database Syst Rev 2017;2:CD011197. doi: 
10.1002/14651858.CD011197.pub2 [published Online First: 
2017/02/10]

186.	 Robaye B, Lakiss N, Dumont F, et al. Atrial fibrillation and 
cardiac rehabilitation: an overview. Acta Cardiol 2019:1-5. 
doi: 10.1080/00015385.2019.1565663 [published Online 
First: 2019/02/23]

187.	 Yamamoto S, Hotta K, Ota E, et al. Exercise-based cardiac 
rehabilitation for people with implantable ventricular assist 
devices. Cochrane Database Syst Rev 2018;9:CD012222. 
doi: 10.1002/14651858.CD012222.pub2 [published Online 
First: 2018/10/03]

188.	 Nielsen KM, Zwisler AD, Taylor RS, et al. Exercise-based 
cardiac rehabilitation for adult patients with an implantable 
cardioverter defibrillator. Cochrane Database Syst Rev 
2019;2:CD011828. doi: 10.1002/14651858.CD011828.
pub2 [published Online First: 2019/02/13]

189.	 Doyle MP, Indraratna P, Tardo DT, et al. Safety and efficacy 
of aerobic exercise commenced early after cardiac surgery: 
A systematic review and meta-analysis. Eur J Prev Cardiol 
2019;26(1):36-45. doi: 10.1177/2047487318798924 
[published Online First: 2018/09/07]

190.	 Anderson L, Nguyen TT, Dall CH, et al. Exercise-based 
cardiac rehabilitation in heart transplant recipients. 
Cochrane Database Syst Rev 2017;4:CD012264. doi: 
10.1002/14651858.CD012264.pub2 [published Online First: 
2017/04/05]

191.	 Sibilitz KL, Berg SK, Tang LH, et al. Exercise-based 
cardiac rehabilitation for adults after heart valve surgery. 
Cochrane Database Syst Rev 2016;3:CD010876. doi: 
10.1002/14651858.CD010876.pub2 [published Online First: 
2016/03/22]

192.	 Santiago de Araujo Pio C, Chaves GS, Davies P, et 
al. Interventions to promote patient utilisation of 
cardiac rehabilitation. Cochrane Database Syst Rev 
2019;2:CD007131. doi: 10.1002/14651858.CD007131.
pub4 [published Online First: 2019/02/02]

193.	 Norrving B, Barrick J, Davalos A, et al. Action Plan for Stroke 
in Europe 2018-2030. Eur Stroke J 2018;3(4):309-36. doi: 
10.1177/2396987318808719 [published Online First: 
2019/06/27]

194.	 Billinger SA, Arena R, Bernhardt J, et al. Physical 
activity and exercise recommendations for stroke 
survivors: a statement for healthcare professionals 
from the American Heart Association/American Stroke 
Association. Stroke 2014;45(8):2532-53. doi: 10.1161/
STR.0000000000000022 [published Online First: 
2014/05/23]

195.	 Bindawas SM, Vennu V, Moftah E. Improved functions 
and reduced length of stay after inpatient rehabilitation 
programmes in older adults with stroke: A systematic 
review and meta-analysis of randomized controlled trials. 
NeuroRehabilitation 2017;40(3):369-90. doi: 10.3233/NRE-
161425 [published Online First: 2017/02/18]

196.	 Saltychev M, Sjogren T, Barlund E, et al. Do aerobic 
exercises really improve aerobic capacity of stroke survivors? 
A systematic review and meta-analysis. Eur J Phys 
Rehabil Med 2016;52(2):233-43. [published Online First: 
2015/01/13]

197.	 Han P, Zhang W, Kang L, et al. Clinical Evidence of Exercise 
Benefits for Stroke. Adv Exp Med Biol 2017;1000:131-51. 
doi: 10.1007/978-981-10-4304-8_9 [published Online First: 
2017/11/04]

198.	 Boyne P, Welge J, Kissela B, et al. Factors Influencing the 
Efficacy of Aerobic Exercise for Improving Fitness and 
Walking Capacity After Stroke: A Meta-Analysis With Meta-
Regression. Arch Phys Med Rehabil 2017;98(3):581-95. 
doi: 10.1016/j.apmr.2016.08.484 [published Online First: 
2016/10/17]

199.	 Galloway M, Marsden DL, Callister R, et al. What Is the 
Dose-Response Relationship Between Exercise and 
Cardiorespiratory Fitness After Stroke? A Systematic Review. 
Phys Ther 2019;99(7):821-32. doi: 10.1093/ptj/pzz038 
[published Online First: 2019/03/06]

200.	 Tiozzo E, Youbi M, Dave K, et al. Aerobic, Resistance, 
and Cognitive Exercise Training Poststroke. Stroke 
2015;46(7):2012-6. doi: 10.1161/STROKEAHA.114.006649 
[published Online First: 2015/05/28]

201.	 Saunders DH, Sanderson M, Hayes S, et al. Physical fitness 
training for stroke patients. Cochrane Database Syst Rev 
2016;3:CD003316. doi: 10.1002/14651858.CD003316.
pub6 [published Online First: 2016/03/25]

202.	 Pogrebnoy D, Dennett A. Exercise programmes delivered 
according to guidelines improve mobility in people with 
stroke: A Systematic Review and meta-analysis. Arch 
Phys Med Rehabil 2019 doi: 10.1016/j.apmr.2019.06.015 
[published Online First: 2019/08/11]

203.	 Ilunga Tshiswaka D, Bennett C, Franklin C. Effects of walking 
trainings on walking function among stroke survivors: a 
systematic review. Int J Rehabil Res 2018;41(1):1-13. doi: 
10.1097/MRR.0000000000000250 [published Online First: 
2017/09/01]

204.	 Stretton CM, Mudge S, Kayes NM, et al. Interventions to 
improve real-world walking after stroke: a systematic review 
and meta-analysis. Clin Rehabil 2017;31(3):310-18. doi: 
10.1177/0269215516640863 [published Online First: 
2016/04/09]

205.	 Plummer P, Iyigun G. Effects of Physical Exercise 
Interventions on Dual-Task Gait Speed Following Stroke: 
A Systematic Review and Meta-Analysis. Arch Phys 
Med Rehabil 2018;99(12):2548-60. doi: 10.1016/j.
apmr.2018.04.009 [published Online First: 2018/05/09]

206.	 Lloyd M, Skelton DA, Mead GE, et al. Physical fitness 
interventions for nonambulatory stroke survivors: A mixed-
methods systematic review and meta-analysis. Brain Behav 
2018;8(7):e01000. doi: 10.1002/brb3.1000 [published 
Online First: 2018/06/20]

207.	 Mehrholz J, Thomas S, Elsner B. Treadmill training and body 
weight support for walking after stroke. Cochrane Database 
Syst Rev 2017;8:CD002840. doi: 10.1002/14651858.
CD002840.pub4 [published Online First: 2017/08/18]

208.	 van Duijnhoven HJ, Heeren A, Peters MA, et al. 
Effects of Exercise Therapy on Balance Capacity 
in Chronic Stroke: Systematic Review and Meta-
Analysis. Stroke 2016;47(10):2603-10. doi: 10.1161/
STROKEAHA.116.013839 [published Online First: 
2016/09/17]

209.	 Tally Z, Boetefuer L, Kauk C, et al. The efficacy of treadmill 
training on balance dysfunction in individuals with 
chronic stroke: a systematic review. Top Stroke Rehabil 
2017;24(7):539-46. doi: 10.1080/10749357.2017.1345445 
[published Online First: 2017/07/09]

210.	 Verheyden GS, Weerdesteyn V, Pickering RM, et al. 
Interventions for preventing falls in people after stroke. 
Cochrane Database Syst Rev 2013(5):CD008728. doi: 
10.1002/14651858.CD008728.pub2 [published Online First: 
2013/06/04]

211.	 D’Isabella NT, Shkredova DA, Richardson JA, et al. Effects 
of exercise on cardiovascular risk factors following stroke 
or transient ischemic attack: a systematic review and 
meta-analysis. Clin Rehabil 2017;31(12):1561-72. doi: 
10.1177/0269215517709051 [published Online First: 
2017/05/20]

212.	 Eng JJ, Reime B. Exercise for depressive symptoms in stroke 
patients: a systematic review and meta-analysis. Clin Rehabil 
2014;28(8):731-39. doi: 10.1177/0269215514523631 
[published Online First: 2014/02/19]



Physical activity policies for cardiovascular health� 47

213.	 Chen MD, Rimmer JH. Effects of exercise on quality of life in 
stroke survivors: a meta-analysis. Stroke 2011;42(3):832-7. 
doi: 10.1161/STROKEAHA.110.607747 [published Online 
First: 2011/02/05]

214.	 Constans A, Pin-Barre C, Temprado JJ, et al. Influence 
of Aerobic Training and Combinations of Interventions on 
Cognition and Neuroplasticity after Stroke. Front Aging 
Neurosci 2016;8:164. doi: 10.3389/fnagi.2016.00164 
[published Online First: 2016/07/23]

215.	 Oberlin LE, Waiwood AM, Cumming TB, et al. 
Effects of Physical Activity on Poststroke Cognitive 
Function: A Meta-Analysis of Randomized Controlled 
Trials. Stroke 2017;48(11):3093-100. doi: 10.1161/
STROKEAHA.117.017319 [published Online First: 
2017/09/22]

216.	 Vanderbeken I, Kerckhofs E. A systematic review of the 
effect of physical exercise on cognition in stroke and 
traumatic brain injury patients. NeuroRehabilitation 
2017;40(1):33-48. doi: 10.3233/NRE-161388 [published 
Online First: 2016/11/05]

217.	 Zheng G, Zhou W, Xia R, et al. Aerobic Exercises for 
Cognition Rehabilitation following Stroke: A Systematic 
Review. J Stroke Cerebrovasc Dis 2016;25(11):2780-89. 
doi: 10.1016/j.jstrokecerebrovasdis.2016.07.035 [published 
Online First: 2016/08/25]

218.	 Schmidt W, Endres M, Dimeo F, et al. Train the vessel, gain 
the brain: physical activity and vessel function and the 
impact on stroke prevention and outcome in cerebrovascular 
disease. Cerebrovasc Dis 2013;35(4):303-12. doi: 
10.1159/000347061 [published Online First: 2013/04/19]

219.	 Aguiar LT, Nadeau S, Martins JC, et al. Efficacy of 
interventions aimed at improving physical activity in 
individuals with stroke: a systematic review. Disabil Rehabil 
2018:1-16. doi: 10.1080/09638288.2018.1511755 
[published Online First: 2018/11/20]

220.	 Prior PL, Suskin N. Exercise for stroke prevention. Stroke 
Vasc Neurol 2018;3(2):59-68. doi: 10.1136/svn-2018-
000155 [published Online First: 2018/09/08]

221.	 Bonner NS, O’Halloran PD, Bernhardt J, et al. Developing 
the Stroke Exercise Preference Inventory (SEPI). PLoS One 
2016;11(10):e0164120. doi: 10.1371/journal.pone.0164120 
[published Online First: 2016/10/07]

222.	 Aboyans V, Ricco JB, Bartelink MEL, et al. 2017 ESC 
Guidelines on the Diagnosis and Treatment of Peripheral 
Arterial Diseases, in collaboration with the European 
Society for Vascular Surgery (ESVS): Document covering 
atherosclerotic disease of extracranial carotid and 
vertebral, mesenteric, renal, upper and lower extremity 
arteriesEndorsed by: the European Stroke Organization (ESO)
The Task Force for the Diagnosis and Treatment of Peripheral 
Arterial Diseases of the European Society of Cardiology (ESC) 
and of the European Society for Vascular Surgery (ESVS). 
Eur Heart J 2018;39(9):763-816. doi: 10.1093/eurheartj/
ehx095 [published Online First: 2017/09/10]

223.	 Fokkenrood HJ, Bendermacher BL, Lauret GJ, et al. 
Supervised exercise therapy versus non-supervised exercise 
therapy for intermittent claudication. Cochrane Database 
Syst Rev 2013(8):CD005263. doi: 10.1002/14651858.
CD005263.pub3 [published Online First: 2013/08/24]

224.	 Hageman D, Fokkenrood HJ, Gommans LN, et al. 
Supervised exercise therapy versus home-based exercise 
therapy versus walking advice for intermittent claudication. 
Cochrane Database Syst Rev 2018;4:CD005263. doi: 
10.1002/14651858.CD005263.pub4 [published Online First: 
2018/04/09]

225.	 Lane R, Harwood A, Watson L, et al. Exercise for 
intermittent claudication. Cochrane Database Syst Rev 
2017;12:CD000990. doi: 10.1002/14651858.CD000990.
pub4 [published Online First: 2017/12/27]

226.	 Cornelis N, Nassen J, Buys R, et al. The Impact of 
Supervised Exercise Training on Traditional Cardiovascular 
Risk Factors in Patients With Intermittent Claudication: A 
Systematic Review and Meta-Analysis. Eur J Vasc Endovasc 
Surg 2019;58(1):75-87. doi: 10.1016/j.ejvs.2018.12.014 
[published Online First: 2019/06/04]

227.	 Jansen SCP, Hoorweg BBN, Hoeks SE, et al. A systematic 
review and meta-analysis of the effects of supervised 
exercise therapy on modifiable cardiovascular risk factors in 
intermittent claudication. J Vasc Surg 2019;69(4):1293-308 
e2. doi: 10.1016/j.jvs.2018.10.069 [published Online First: 
2019/02/20]

228.	 McDermott MM, Kibbe MR, Guralnik JM, et al. Durability 
of Benefits From Supervised Treadmill Exercise in People 
With Peripheral Artery Disease. J Am Heart Assoc 
2019;8(1):e009380. doi: 10.1161/JAHA.118.009380 
[published Online First: 2018/12/28]

229.	 Bouwens E, Klaphake S, Weststrate KJ, et al. Supervised 
exercise therapy and revascularization: Single-centre 
experience of intermittent claudication management. Vasc 
Med 2019;24(3):208-15. doi: 10.1177/1358863X18821175 
[published Online First: 2019/02/24]

230.	 Fakhry F, Fokkenrood HJ, Spronk S, et al. Endovascular 
revascularisation versus conservative management for 
intermittent claudication. Cochrane Database Syst Rev 
2018;3:CD010512. doi: 10.1002/14651858.CD010512.
pub2 [published Online First: 2018/03/09]

231.	 Pymer S, Palmer J, Harwood AE, et al. A systematic review of 
high-intensity interval training as an exercise intervention for 
intermittent claudication. J Vasc Surg 2019 doi: 10.1016/j.
jvs.2019.03.050 [published Online First: 2019/07/02]

232.	 Lauret GJ, Fakhry F, Fokkenrood HJ, et al. Modes of exercise 
training for intermittent claudication. Cochrane Database 
Syst Rev 2014(7):CD009638. doi: 10.1002/14651858.
CD009638.pub2 [published Online First: 2014/07/06]

233.	 Lin E, Nguyen CH, Thomas SG. Completion and adherence 
rates to exercise interventions in intermittent claudication: 
Traditional exercise versus alternative exercise - a systematic 
review. Eur J Prev Cardiol 2019:2047487319846997. doi: 
10.1177/2047487319846997 [published Online First: 
2019/06/21]

234.	 Back M, Jivegard L, Johansson A, et al. Home-based 
supervised exercise versus hospital-based supervised 
exercise or unsupervised walk advice as treatment for 
intermittent claudication: a systematic review. J Rehabil Med 
2015;47(9):801-8. doi: 10.2340/16501977-2012 [published 
Online First: 2015/10/06]

235.	 McDermott MM, Spring B, Berger JS, et al. Effect of a 
Home-Based Exercise Intervention of Wearable Technology 
and Telephone Coaching on Walking Performance in 
Peripheral Artery Disease: The HONOR Randomized 
Clinical Trial. JAMA 2018;319(16):1665-76. doi: 10.1001/
jama.2018.3275 [published Online First: 2018/05/02]

236.	 Sallis JF, Bull F, Guthold R, et al. Progress in physical 
activity over the Olympic quadrennium. Lancet 
2016;388(10051):1325-36. doi: 10.1016/S0140-
6736(16)30581-5 [published Online First: 2016/08/01]

237.	 Michie SA, L.;West,R. The Behaviour Change Wheel: A 
Guide to Designing Interventions. London: Silverback 
Publishing 2014.

238.	 Morris JN, Hardman AE. Walking to health. Sports Med 
1997;23(5):306-32. doi: 10.2165/00007256-199723050-
00004 [published Online First: 1997/05/01]

239.	 Baguet G, Berthoin S, Dupont G, et al. Effects og high 
intensity intermittent training on peak VO2 in prepubertal 
children. Int J Sports Med 2002;23:439-44.

240.	 World Health Organization for Europe. Physical activity 
strategy for the WHO European Region 2016–2025. 
Copenhagen 2016.



48� Physical activity policies for cardiovascular health

241.	 Andersen LBR, A;Rutter,H.;Goenka,S.;Nordengen,S.;Solb
raa,A.K. Trends in cycling and cycle related injuries and a 
calculation of prevented morbidity and mortality. JTransport 
Health 2018;9:217-25.

242.	 Kotseva K, Wood D, De Backer G, et al. Cardiovascular 
prevention guidelines in daily practice: a comparison 
of EUROASPIRE I, II, and III surveys in eight European 
countries. Lancet 2009;373(9667):929-40. doi: 10.1016/
s0140-6736(09)60330-5 [published Online First: 
2009/03/17]

243.	 Network EH. Cardiac and Stroke Rehabilitation a European 
Heart Network paper • 2018 Update. Brussels European 
Heart Network 2018.

244.	 van Wijck F, Bernhardt J, Billinger SA, et al. 
Improving life after stroke needs global efforts 
to implement evidence-based physical activity 
pathways. Int J Stroke 2019:1747493019840930. doi: 
10.1177/1747493019840930 [published Online First: 
2019/04/13]

245.	 Rutten A, Abu-Omar K, Burlacu I, et al. [Are Interventions 
Promoting Physical Activity Cost-Effective? A Systematic 
Review of Reviews]. Gesundheitswesen 2017;79(S 
01):S51-S59. doi: 10.1055/s-0042-123702 [published 
Online First: 2017/04/12]



The European Heart Network has received co-funding under an operating grant from the European Union’s Health Programme 
(2014–2020). The content of this report represents the views of the EHN only and is its sole responsibility; it cannot be considered 
to reflect the views of the European Commission and/or the Consumers, Health, Agriculture and Food Executive Agency or any 
other body of the European Union. The European Commission and the Agency do not accept any responsibility for use that may 
be made of the information it contains.



European Heart Network
Rue Montoyer 31
B-1000 Brussels
BELGIUM

	 phone	 + 32 2 512 91 74
	 envelope 	 info@ehnheart.org
	 globe	 www.ehnheart.org

mailto:info%40ehnheart.org?subject=
http://www.ehnheart.org

