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Background A vast body of evidence during the last decades has shown the clear preventive role of physical activity in

cardiovascular disease. The real magnitude of the association between physical activity during leisure time (LTPA) and

primary prevention of coronary heart disease (CHD) has, however, not been completely defined.

Design Meta-analysis of prospective cohort studies.

Methods Studies were included if they reported relative risks and their corresponding 95% confidence intervals (CI), for

categories of LTPA in relation to CHD. The LTPA categories of the selected studies were grouped into three levels of

intensity: high, moderate and low. The high level of physical activity was determined, to obtain a level of intensity attainable

by the general population.

Results Data were available for 26 studies, incorporating 513 472 individuals (20 666 CHD events), followed up for 4–25

years. Under a random-effects model, the overall analysis showed that individuals who reported performing a high level of

LTPA had significant protection against CHD [relative risk 0.73 (95% CI 0.66–0.80), P < 0.00001]. A similar significant

protection against CHD, for individuals who practised a moderate level of LTPA, has been also demonstrated [relative risk

0.88 (95% CI 0.83–0.93), P < 0.0001].

Conclusions The current meta-analysis reports significant protection against the occurrence of CHD resulting from

moderate-to-high levels of physical activity. These results strengthen the recommendations of guidelines that indicate the

protective effect against cardiovascular disease of physical activity profiles that are attainable by ordinary people. Eur J

Cardiovasc Prev Rehabil 15:247–257 �c 2008 The European Society of Cardiology

European Journal of Cardiovascular Prevention and Rehabilitation 2008, 15:247–257

Keywords: cardiovascular disease, coronary heart disease, exercise, meta-analysis, physical activity

Introduction
Cardiovascular disease (CVD) is the first leading cause of

mortality in industrialized countries. Recent statistics

report that more than one third of the world population

die of CVD [1]. In particular, death from coronary heart

disease (CHD) accounts for more than 50% of all the

causes of death due to CVD [1].

Over the last few decades, many epidemiologic studies

performed on several different and large populations have

demonstrated a clear protective effect of physical activity

on CVD [2–4]. Some reviews and meta-analyses on the

association between physical activity and CVD have been

carried out. In 1990, Berlin and Colditz [5] applied the

techniques of meta-analysis to data extracted from the
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published literature by Powell et al. [6]. In this manner,

they demonstrated an increased relative risk (RR) of

death from CHD for sedentary individuals, which was

nearly twice that for active individuals. In 1992, Eaton [7]

systematically reviewed all the epidemiological studies in

relation to physical activity and to the primary prevention

of CHD, by showing a significant and independent

relationship between physical inactivity and CHD.

Finally, a meta-analysis that included only studies

performed in women recently demonstrated a beneficial

dose–response relationship of physical activity on various

CVD outcomes, especially CHD and stroke [8].

Despite this, however, the real magnitude of association

between leisure-time physical activity (LTPA) and CHD

has not been completely defined, as previous meta-

analyses did not specifically target the role of LTPA in the

primary prevention of CHD. In fact, over the last few

decades, the type of physical activity conducted by the

general population has progressively shifted from LTPA to

work-related physical activity. Some of these meta-

analyses analysed studies that included overall physical

activity (leisure-time-related and work-related), and not

just LTPA, as the measure of association. In addition,

they evaluated CVD, and not just CHD, as a clinical

outcome; sometimes the meta-analysis included studies

that were sex-specific. Most importantly, since their

publication, several relevant and updated data from

cohort studies have been published.

We have, therefore, decided to conduct an updated

systematic review, with a meta-analysis of all the available

prospective cohort studies that examined the effect of

LTPA on the primary prevention of CHD among men and

women, considering that only LTPA can really be

influenced by the recommendations of guidelines.

Methods
We developed a systematic literature search, to identify

studies evaluating the association between LTPA and

primary prevention of CHD. We searched the electronic

databases MEDLINE (from 1966), EMBASE (from

1980), Science Citation Index (from 1994) and the

Cochrane Systematic Review database up to May 2007,

using a combined text word and MeSH search strategy for

the terms ‘physical activity’ and ‘physical exercise’ in

combination with ‘cardiovascular disease’, ‘coronary artery

disease’, ‘coronary heart disease’, ‘ischaemic heart dis-

ease’, ‘myocardial infarction’ and ‘acute coronary syn-

dromes’. Furthermore, we reviewed reference lists of

original, review articles and meta-analyses, to search for

more studies.

For inclusion, studies had to fulfil the following criteria:

they had to have a prospective cohort design; provide as a

primary or secondary outcome the association between

LTPA and CHD and report relative risks (RR) and their

corresponding 95% confidence intervals (CI) of CHD, in

relation to different categories of LTPA.

Studies were excluded if cross-sectional or case–control

design was used; outcome was CVD or stroke, and not

CHD; physical activity was evaluated only as occupational

activity, or as an overall index that included occupational

physical activity and if statistical analysis was not

adequate, that is, reporting of insufficient information

to compute an estimate of risk or its standard error, for all

the categories of physical activity. If multiple published

reports from the same study cohort were available, we

included only that with the most recent updated and

detailed information for both outcomes and physical

activity categories.

All data were independently extracted by two investiga-

tors (F.S. and A.C.) using a standardized data-extraction

tool, and were entered into separate databases. Results

were compared, and disagreements were resolved through

discussions with a third investigator (F.C.). Relevant data

included the first author’s name, year of publication,

cohort name, country of origin of the centres, number of

participants and number of CHD events, duration of

follow-up, age and sex of participants, main outcome,

methods used to measure LTPA, RRs or hazard ratios of

CHD and corresponding 95% CIs for all categories of

LTPA and covariates adjusted in the statistical analysis.

The study quality of each article was checked.

As the quality varied widely among the studies reviewed,

a summary score of study quality was developed; this

score was adapted from Powell et al. [6], to evaluate three

aspects of each study: assessment of LTPA, assessment of

outcome and epidemiologic method. Each category was

assigned 0–2 points. A maximum of six points was given if

all the three categories were fully satisfied.

Statistical analysis

Data were analysed using Review Manager (RevMan)

software for Windows (version 4.2, http://www.cc-ims.net/
RevMan) by the Cochrane Collaboration, 2003, and

Statistical Package for Social Sciences (SPSS) software

for Windows (version 13.0).

As the studies included in this meta-analysis reported

physical activity using different methods and determined

the categories of activity in different ways, we distin-

guished three levels of LTPA: high, moderate and low.

The category with the highest level of LTPA was

determined mainly by taking into consideration the

second-highest category of LTPA from the studies:

this was done to exclude the possible confounding

effect of vigorous LTPA on disease and to obtain a level

of intensity that could be attained by the general
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Table 1 Characteristics of the studies included in the meta-analysis

Source, year (cohort)

Country
(baseline

year)

Number of
events/

number of
participants

Follow-up,
years Age, years Sex Outcome

Assessment of physical
activity

Physical activity
categories

Adjusted RR
(95%CI) Adjustment Study quality

Rodriguez et al. (Honolulu
Heart Program) [14]

USA (1965) 789/7074 23 45–68 M CHD Index is based on the
average number of hours
spent per day in activ-
ities of various levels,
multiplied by weights
derived from the oxygen
consumption needed for
each level

Lowest tertile 1.00 Age, body mass index,
smoking habit, hyper-
tension, total cholesterol,
diabetes and alcohol

6 (2; 2; 2)

Middle tertile 1.07 (0.90–1.23)
Highest tertile 0.95 (0.80–1.14)

Lakka et al. (Kuopio
Ischemic Heart Disease
Risk Factor Study) [15]

Finland
(1984)

42/1166 4.9 42–61.2 M MI Index is based on the
average duration and
frequency of recreational
activities and is then
expressed as metabolic
equivalent (MET)

Lowest tertile 1.00 Age, cigarette pack-years,
diabetes, systolic blood
pressure, HDL, triglycer-
ides, family history of
CHD, socioeconomic
status, leucocytes, fibri-
nogen, haemoglobin,
apolipoprotein B and
ferritin

5 (2; 1; 2)
Middle tertile 1.28 (0.65–2.51)
Highest tertile 0.38 (0.14–1.85)

Eaton et al. (The Israeli
Ischemic Heart Disease
Study) [16]

Israel (1963) 709/8463 21 > 40 M Death
from
CHD

Physical activity is graded
into qualitative
categories

Sedentary 1.00 Age 2 (0; 1; 1)
Light 0.79 (0.63–0.99)

Light daily 0.73 (0.59–0.89)
Heavy 0.71 (0.52–0.98)

Folsom et al. (men) (The
Atherosclerosis Risk in
Communities Study)
[17]

USA (1987) 223/6188 4–7 45–64 M CHD Score is based on
the average duration,
frequency and type
of physical activity

First quartile 1.00 Age, smoking habit, total
cholesterol, HDL, systo-
lic blood pressure, dia-
betes, waist-to-hip ratio,
education and alcohol

6 (2; 2; 2)
Second quartile 1.08 (0.75–1.55)

Third quartile 0.83 (0.51–1.36)
Fourth quartile 0.89 (0.59–1.35)

Folsom et al. (women) (The
Atherosclerosis Risk in
Communities Study)
[17]

USA (1987) 97/7852 4–7 45–64 F CHD Score is based on
the average duration,
frequency and type
of physical activity

First quartile 1.00 Age, smoking habit, total
cholesterol, HDL, systo-
lic blood pressure, dia-
betes, waist-to-hip ratio,
education, alcohol and
hormone replacement
therapy

6 (2; 2; 2)
Second quartile 0.74 (0.42–1.31)

Third quartile 1.07 (0.55–2.09)
Fourth quartile 0.64 (0.34–1.24)

Rosengren and Wilhelm-
sen (The Multifactor Pri-
mary Prevention Study in
Goteborg) [18]

Sweden
(1970)

684/7142 20 47–55 M Death
from
CHD

Physical activity is graded
into qualitative
categories

Sedentary 1.00 Age, body mass index,
smoking habit, diastolic
blood pressure, total
cholesterol, diabetes,
alcohol and occupation

2 (0; 1; 1)
Moderately

active
0.84 (0.71–1.00)

Regular
exercise

0.84 (0.73–0.96)

Weller and Corey (Canada
Fitness Survey) [19]

Canada
(1981)

109/6620 7 > 30 (mean:
50.3)

F Fatal MI Index of energy expenditure
is based on the duration
and frequency of recrea-
tional activities and is
then expressed in kcal�
kg�day

Sedentary 1.00 Age 2 (1; 1; 0)
Moderately

active
0.78 (0.45–1.34)

Highly active 0.57 (0.36–0.90)

Gartside et al. (NHANES I
Epidemiologic Follow-Up
Study) [13]

USA (1971) 1958/5811 16 25–74 M/F CHD Physical activity is graded
into qualitative cate-
gories

None 1.00 Age, sex, smoking habit,
body mass index,
cholesterol, alcohol,
education and diet

3 (0; 1; 2)
Moderate 0.81 (P = 0.002)
Intense 0.83 (P = 0.06)
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Table 1 (continued )

Source, year (cohort)

Country
(baseline

year)

Number of
events/

number of
participants

Follow-up,
years Age, years Sex Outcome

Assessment of physical
activity

Physical activity
categories

Adjusted RR
(95%CI) Adjustment Study quality

Manson et al. (The Nurses’
Health Study) [20]

USA (1976) 645/72 488 8 40–65 F CHD Index is based on the
average duration and
frequency of recreational
activities and is then
expressed as MET�
hour�week

First quintile 1.00 Age, body mass index,
smoking habit, hyperten-
sion, hypercholestero-
laemia, diabetes,
menopausal status, fa-
mily history of MI, vitamin
use, alcohol and aspirin
use

6 (2; 2; 2)
Second quintile 0.88 (0.71–1.10)

Third quintile 0.81 (0.64–1.02)
Fourth quintile 0.74 (0.58–0.95)
Fifth quintile 0.66 (0.51–0.86)

Sesso et al. (The Harvard
Alumni Health Study)
[21]

USA (1977) 2135/
12 516

15 39–88 M CHD Index of weekly energy
expenditure is derived
from several recreational
activities and is then
expressed in kJ/week

First quintile 1.00 Age, body mass index,
smoking habit, hyper-
tension, diabetes, alcohol
and early parental death

4 (2; 0; 2)
Second quintile 0.90 (0.79–1.03)

Third quintile 0.81 (0.71–0.92)
Fourth quintile 0.80 (0.69–0.93)
Fifth quintile 0.81 (0.71–0.94)

Wannamethee et al. (The
British Regional Heart
Study) [22]

UK (1978) 616/5159 16.8 40–59 M CHD Score is based on the
average duration,
frequency, and type
of physical activity,
according to the energy
demands

Inactive 1.00 Age, smoking habit, body
mass index, diastolic
blood pressure, trigly-
cerides, HDL, insulin
and heart rate

5 (2; 1; 2)
Occasional 0.71 (0.54–0.93)

Light 0.79 (0.61–1.05)
Moderate 0.49 (0.55–0.68)
Vigorous 0.89 (0.66–1.18)

Smith et al. (The Whitehall
Study) [9]

UK (1967) 926/6702 25 40–64 M Mortality
from
CHD

Physical activity is graded
into qualitative categories

Inactive 1.00 Age, body mass index,
smoking habit, diastolic
blood pressure, diabetes
and glucose intolerance

3 (0; 1; 2)
Moderately

active
1.03 (0.83–1.25)

Active 0.88 (0.71–1.11)
Haapanen-Niemi et al.

(women) [10]
Finland
(1980)

37/1122 16 35–63 F Mortality
from
CHD

Index of energy expenditure
is based on the duration
and frequency of recrea-
tional activities and
is then expressed as
kilocalories/week

Low 1.00 Age, smoking habit,
socioeconomic status
and alcohol

4 (1; 1; 2)
Moderate 2.32 (0.86–6.25)

High 0.85 (0.37–1.96)

Haapanen-Niemi et al.
(men) [10]

Finland
(1980)

78/1090 16 35–63 M Mortality
from
CHD

Index of energy expenditure
is based on the duration
and frequency of recrea-
tional activities and
is then expressed as
kilocalories/week

Low 1.00 Age, smoking habit, socio-
economic status and
alcohol

3 (0; 1; 2)
Moderate 1.13 (0.57–2.27)

High 0.59 (0.31–1.11)

Manson et al. (The Wo-
men’s Health Initiative
Observational Study) [4]

USA (1994) 345/73 743 5.9 50–79 F CHD Index is based on the
average duration and
frequency of recreational
activities and is then
expressed as MET�
hour�week

First quintile 1.00 Age, body mass index,
smoking habit, family
history of MI, meno-
pause, hormone, alcohol,
waist-to-hip ratio and
diet

5 (1; 2; 2)
Second quintile 0.73 (0.53–0.99)

Third quintile 0.69 (0.51–0.95)
Fourth quintile 0.68 (0.50–0.93)
Fifth quintile 0.47 (0.33–0.67)

Wagner et al. (The PRIME
Study) [23]

France/UK
(1991)

167/9758 5 50–59 M/F CHD Index is based on the
average duration and
frequency of recreational
activities and is then ex-
pressed as MET�
hour�week

Lowest tertile 1.00 LTPA as a continuous
variable

4 (2; 1; 1)
Middle tertile 0.73 (0.51–1.05)
Highest tertile 0.66 (0.46–0.96)

Tanasescu et al. (The
Health Professionals’
Study) [24]

USA (1986) 1700/
44 452

12 40–75 M CHD Index is based on the
average duration and
frequency of recreational
activities and is then
expressed as MET�
hour�week

Low 1.00 Age, body mass index,
smoking habit, hyper-
tension, hypercholester-
olaemia, diabetes, family
history of MI, alcohol and
nutrient intake

5 (1; 2; 2)
Moderate 0.94 (0.83–1.04)

High 0.83 (0.74–0.97)
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Yu et al. (The Caerphilly
study) [25]

UK (1984) 82/1975 10.5 49–64 M Death
from
CHD

Activity index is derived
from a record of leisure
activities and is then
expressed as kilocal-
ories/day

Light 1.00 Age, body mass index,
smoking habit, diastolic
blood pressure, dia-
betes, family history of
CVD and social class

5 (2; 1; 2)
Moderate 0.74 (0.44–1.25)

Heavy 0.55 (0.31–0.98)

Sundquist et al. (Swedish
Annual Level-of-Living
Survey) [26]

Sweden
(1988)

373/5196 11.7 35–74 M/F CHD Physical activity is graded
into qualitative cate-
gories

First level 1.00 Age, sex, body mass index,
smoking habit and in-
come

3 (0; 1; 2)
Second level 0.76 (0.55–1.07)

Third level 0.74 (0.53–1.04)
Fourth level 0.59 (0.37–0.95)

Conroy et al. (The Wo-
men’s Health Study) [27]

USA (1992) 477/39 876 9 > 45 F CHD Average time spent in
recreational activities
is derived and is then
expressed as kcal/week

First quartile 1.00 Age, smoking habit, family
history of CVD, alcohol,
menopausal status, hor-
mone and diet

6 (2; 2; 2)
Second quartile 0.62 (0.48–0.80)

Third quartile 0.61 (0.48–0.79)
Fourth quartile 0.61 (0.46–0.81)

Noda et al. (The Japan
Collaborative Cohort
Study for Evaluation for
Cancer Risk) [11]

Japan
(1988)

397/73 265 9.7 40–79 M/F Mortality
from
CHD

Average daily time spent
in sports is derived and
is then grouped into
categories

Lowest
category

1.00 Age, sex, body mass index,
smoking habit, hyper-
tension, diabetes, alcohol,
education and fish

4 (1; 1; 2)

Middle cate-
gory

0.80 (0.52–1.22)

Highest
category

0.51 (0.32–0.82)

Schnohr et al. (The Co-
penhagen City Heart
Study) [28]

Denmark
(1976)

292/4894 20 20–79 M/F CHD Physical activity is graded
into qualitative cate-
gories

Low 1.00 Age, sex, body mass index,
smoking habit, hyper-
tension, total cholesterol,
HDL, diabetes, alcohol,
education and income

3 (0; 1; 2)
Moderate 0.71 (0.51–0.99)

High 0.56 (0.38–0.82)

Vatten et al. (The HUNT
Study) (women) [12]

Norway
(1984)

1202/
34 868

16 > 20 F CHD Score is based on the
average duration, fre-
quency, and type of
physical activity, and
is then expressed as
qualitative categories

Low 1.00 Age, body mass index,
smoking habit, hyper
tension, marital status,
education and alcohol

4 (1; 1; 2)
Moderate 0.86 (0.69–1.07)

High 0.69 (0.54–0.88)

Vatten et al. (The HUNT
Study) (men) [12]

Norway
(1984)

1923/
32 872

16 > 20 M CHD Score is based on the
average duration, fre-
quency, and type of
physical activity, and
is then expressed as
qualitative categories

Low 1.00 Age, body mass index,
smoking habit, hyperten-
sion, marital status, edu-
cation and alcohol

4 (1; 1; 2)
Moderate 0.95 (0.77–1.18)

High 0.83 (0.65–1.05)

Hu et al. (Women) [29] Finland
(1972)

1587/
23 376

18.9 25–64 F CHD Physical activity is
graded into qualitative
categories

Low 1.00 Age, body mass index,
smoking habit, systolic
blood pressure, total
cholesterol, diabetes,
alcohol, education and
other types of physical
activity

4 (1; 1; 2)
Moderate 0.85 (0.77–0.95)

High 0.77 (0.62–0.96)

Hu et al. (men) [29] Finland
(1972)

3073/
19 804

18.9 25–64 M CHD Physical activity is
graded into qualitative
categories

Low 1.00 Age, body mass index,
smoking habit, systolic
blood pressure, total
cholesterol, diabetes,
alcohol, education
and other types of
physical activity

4 (1; 1; 2)
Moderate 0.95 (0.88–1.02)

High 0.84 (0.74–0.95)

CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; HDL, high-density lipoprotein; LTPA, leisure-time physical activity; MI, myocardial infarction; RR, relative risk.
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population. The moderate category of LTPA was deter-

mined by considering the middle category from the

studies. The low level of LTPA consisted of the lowest

category of LTPA among all the studies included, and it

represented the reference category. We used the results

of the original studies that involved multivariable models

with the most complete adjustment for potential

confounders; the confounding variables included in this

analysis are shown in Table 1. For studies using high

LTPA as the referent [9–12], we recalculated the relative

risk, with low LTPA as the reference category, using

conventional procedures. For the study by Gartside et al.
[13], only a relative risk and a P value were provided. The

P value was, thus, first converted into corresponding two-

sided z statistics (from a table of standard normal

variates), from which unreported standard errors were

calculated. We used a random-effects model, which

accounts for the interstudy variation and provides a more

conservative effect than the fixed model. Estimates of

the random-summary risk ratios, with 95% CIs, from all

the studies were obtained by combining the separate

estimates of the inverse-variance-weighted log risk ratios

from each study.

The Q statistic, a test of homogeneity between studies,

was calculated. In addition, the statistic I2 was used to

investigate heterogeneity by examining the extent of

inconsistency across the study results. To examine the

potential source of heterogeneity across studies for the

high level of physical activity, we conducted sensitivity

analyses according to some of the characteristics of the

studies included in the meta-analysis. These character-

istics were sex (men/women), different regions of origin

of the studies (USA/Europe), study quality (scores above

and below the mean score obtained by all the studies,

that is, 5 points), duration of follow-up (above and below

the mean duration of 13 years) and the method used for

physical activity assessment (quantitative method: eva-

luation of intensity, duration and frequency of physical

activity, expressed as an index of metabolic expenditure

or qualitative method: nonstandardized categories of

intensity of physical activity).

Funnel plots were generated, to assess potential publica-

tion biases. Moreover, to estimate whether publication

biases (if present) could explain the observed associa-

tions, we calculated fail-safe numbers. These numbers

indicate the number of studies with null results that

would need to be added to the meta-analysis, to reduce

the overall significant observed result to nonsignificance.

Results
Our search strategy generated 163 potentially relevant

articles (Fig. 1). Eighty-eight studies were excluded

because they evaluated only occupational physical

activity (n = 17), because of study design (n = 44) or

because they did not report the outcome of interest for

this meta-analysis (n = 27). The foci of the latter studies

might have been CVD as a whole, stroke or cerebrovas-

cular accidents, or intermediate end points such as intima

media thickness. Afterwards, a further 43 studies were

eliminated because either the statistical information was

not sufficient to compute an estimate of risk or its

standard error for all the categories of physical activity

(n = 26) or the study considered only one category of

physical activity (n = 17). Finally, one study was elimi-

nated because it also included patients with a preexisting

coronary artery disease. Seven studies contained dupli-

cate data from the same cohort study, so only complete or

updated papers were included. One study was excluded

because it reported only information on commuting

physical activity, and another because the index of

Fig. 1

One hundred and sixty-three potentially 
relevant publications identified and 

screened for retrieval

Eighty-eight papers excluded because:
• 17 evaluated only occupational  
 physical activity
• 7 used case-control design
• 32 used cross-sectional design
• 5 used intervention design
• 27 had outcome not of interest

Seventy-five potentially relevant 
papers retrieved for more detailed 

assessment

Forty-three papers excluded because:
• 26 had inadequate statistical  
 information
• 17 reported not all categories of  
 physical activity

Ten studies excluded because:
• 7 duplicate studies
• 1 study included only patients with  
 CHD
• 1 study included occupational 
 activity as part of the physical 
 activity index 
• 1 study included only commuting  
 activity

Thirty-two prospective cohort  
studies eligible

Twenty-two prospective cohort 
studies included in the meta-analysis

Search strategy.
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physical activity included occupational activity. As a

result, 26 studies consisting prospective studies of 22

cohorts met the inclusion criteria (four studies had

separate cohorts for men and women, which were entered

as two independent groups). These studies enabled the

incorporation of 513 472 individuals, followed up for

periods ranging from 4 to 25 years, reporting 20 666

incident cases of CHD [4,9–29].

Characteristics of the studies included in the meta-

analysis are described in Table 1. Interestingly, the

studies included were more prevalently conducted either

in North America (USA [4,13,14,17,20,21,24,27] and

Canada [19]), or in North Europe (UK [9,22,23,25] and

the Scandinavian countries [10,12,15,18,26,29]). With

regard to assessment of physical activity, 14 studies

recorded LTPA only through a qualitative questionnaire.

In other words, the quantum of physical activity was

either grouped into nonstandardized categories or a score

computed from the authors [9,11–13,16–18,22,26,28,29]

was used. Furthermore, apart from three papers

[16,19,23], all the studies reported estimates of associa-

tion after adjusting for most of the traditional and

emerging cardiovascular risk factors.

Figure 2 shows the analysis of high-category LTPA

compared with the sedentary category. The summary

RRs in a random-effects model showed that individuals

who reported performing a high level of physical activity

had a significantly reduced risk of CHD (RR, 0.73; 95%

CI, 0.66–0.80; P < 0.00001). The P value for hetero-

geneity, however, was also highly significant (P < 0.0001;

I2 = 73.2%). The study by Wannamethee et al. [22],

which accounted for the highest estimate of protection
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versus CHD, contributed substantially to the hetero-

geneity in this result. The exclusion of this study from

the analysis did not, however, change the significant

protection found between the high level of physical

activity and CHD (RR, 0.78; 95% CI, 0.74–0.82;

P < 0.0001) (P for heterogeneity = 0.2; I2 = 15.8%).

Subsequently, we compared the moderate level of

physical activity versus the reference category: the overall

effect of protection for a moderate amount of LTPA

versus CHD remained statistically significant (RR, 0.88;

95% CI, 0.83–0.93; P < 0.00001) (P for heterogeneity:

0.05; I2 = 33.4%) (Fig. 3). A significant heterogeneity

across the studies was present, mainly due to the study by

Wannamethee et al. [22]. Even after the exclusion of this

study, however, the significant protection of a moderate

amount of LTPA versus CHD did not change substan-

tially (RR, 0.89; 95% CI, 0.84–0.94; P < 0.0001) (P for

heterogeneity = 0.07; I2 = 30.7%).

Furthermore, we conducted separate analyses, by taking

into consideration studies with similar characteristics,

such as sex, country of cohort, study quality, duration

of follow-up and methods used for the assessment

of physical activity (Table 2). In all, the different sub-

analyses of both the high and the moderate categories of

intensity of LTPA were significantly associated with a

reduced risk of CHD, with no significant influence of

either variable analysed.

Finally, we explored the potential for publication bias

using funnel plots of effect size versus standard error.

The plots for both the categories of physical activity were

broadly symmetrical, consistent with the conclusion that
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there were no major publication biases. Moreover, we

calculated the number of studies with null results that

would need to be added to the meta-analysis to reduce

the overall observed associations to nonsignificance, that

is, the fail-safe number. This number was 876 for the high

level of physical activity and 119 for the moderate level.

Therefore, the number was robust for both categories,

according to the commonly used criterion that an analysis

requires a fail-safe number greater than 5n + 10 (where n
is the original number of studies in the analysis).

Discussion
The current meta-analysis has quantitatively assessed the

relationship between LTPA and CHD risk in a summary

analysis of prospective studies of 22 cohorts, which

included an overall population of more than 510 000

healthy individuals, followed up for periods ranging from

4 to 25 years and reporting more than 20 000 incident

cases. The main finding of this study is that a moderate-

to-high level of LTPA is associated with a reduced risk of

CHD. Indeed, compared with individuals performing low

levels of or nil LTPA, highly and moderately active

individuals had, respectively, a 27 and 12% lower risk of

CHD incidence or mortality. This dose-dependent

protective role of physical activity was found to be

independent of several possible confounding variables,

such as sex, methods used to assess physical activity and

study quality.

During the last few years, there has been increasing

interest in the identification of the possible risk factors

contributing to the pathogenesis of CHD, and in the

search for effective measures to reduce the risk burden

for the whole population. Among all these intervention

methods, physical activity has gained a relevant role

owing to its efficacy and low cost. Indeed, many

prospective and case–control studies have demonstrated

that physical activity has a clear beneficial effect on the

occurrence and progression of CVD.

The mechanisms by which regular physical activity

confers such significant protection are different; in

particular, regular exercise helps in controlling many

established atherosclerotic risk factors, including elevated

blood pressure, insulin resistance and glucose intolerance,

elevated triglyceride concentrations, low high-density

lipoprotein cholesterol concentrations and obesity.

Furthermore, evidence indicates that increasing levels

of physical activity are associated with lower circulating

concentrations of inflammatory and haemostatic markers,

and that exercise induces an enhancement of endothelial

progenitor cells, with a significant improvement in the

endothelial function. With regard to blood pressure, a

meta-analysis [30] has recently demonstrated that aero-

bic exercise has a substantial blood pressure-lowering

effect. In contrast, regarding the beneficial effect on lipid

profile, data from a meta-analysis by Kelley et al. [31]

reported that physical exercise increases high-density

lipoprotein and reduces triglycerides in adults aged 50

years and older.

Over the last few decades, several reviews and meta-

analyses have examined the relationship between physical

activity and CHD. The scope of all these meta-analyses

was not, however, to evaluate the role of LTPA in the

primary prevention of CHD. In fact, they either

evaluated CVD as a whole outcome, including both stroke

and peripheral arterial disease, or included studies with

data limited to some specific characteristics, such as men

only or women only. Consequently, as of now, this meta-

analysis is the most up-to-date, comprehensive assess-

ment of the relationship between recreational physical

activity and CHD among follow-up cohort studies. The

meta-analytic technique used for evaluating the long-

term effects of a specific variable among cohorts in

prospective studies is a potentially powerful approach and

should eliminate the selection and recall biases present in

case–control studies. In this meta-analysis, in fact, we

included cohort studies with large sample sizes and long

durations of follow-up, by evaluating rigorously the

methodology of the studies. As a result, many studies

that were entered into previous meta-analyses were not

used in our analysis. This choice helped us to obtain

results with high confidence levels from the most reliable

studies. Furthermore, the study quality was checked for

all the studies included in the final analysis, with the use

of a validated quality questionnaire, and the possible

presence of publication bias was detected using two

different methods, namely, funnel plot and fail-safe

number.

Table 2 Subgroup analysis

No. of
studies

High category of
physical activity

Moderate category of
physical activity

Sex
Men 13 0.76 (0.66–0.88) 0.93 (0.88–0.99)
Women 8 0.77 (0.69–0.85) 0.90 (0.83–0.98)

Country of cohort
USA 9 0.80 (0.73–0.87) 0.88 (0.79–0.98)
Europe 14 0.71 (0.60–0.82) 0.88 (0.82–0.95)

Study quality
Z5 points 10 0.71 (0.57–0.87) 0.86 (0.75–0.98)
< 5 points 16 0.79 (0.74–0.83) 0.89 (0.85–0.94)

Duration of follow-up
Follow-up of 13

years or more
14 0.75 (0.66–0.86) 0.90 (0.85–0.96)

Follow-up of less
than 13 years

12 0.71 (0.64–0.79) 0.83 (0.74–0.92)

Method of assess-
ment of physical
activity
Quantitative

assessment
12 0.75 (0.68–0.83) 0.88 (0.79–0.99)

Qualitative
assessment

14 0.74 (0.64–0.85) 0.88 (0.83–0.93)
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Our meta-analysis has some potential limitations. First, as

in all observational studies of physical activity and the

disease, exclusion of potential biases due to other

components of lifestyle, such as diet, is extremely

difficult. The beneficial effect of a healthy diet on the

occurrence of CHD has been largely demonstrated [32]

and, commonly, individuals who regularly practise physi-

cal activity also eat in a healthier way, thereby causing a

bias in the results. Most of the studies included in our

meta-analysis, however, have been adjusted for major

confounding factors, including dietary factors in some,

and the potential bias due to dietary habits could be

somewhat reduced. In contrast, meta-analysis cannot

solve the problems with confounding factors that might

be present in the selected studies. Second, the method of

assessment of physical activity varied substantially within

the studies included in the final analysis. In particular,

half of the studies estimated the amount of physical

activity through a qualitative or semiqualitative ques-

tionnaire. Up to now, the most reliable and valid method

used for the assessment of LTPA seems to be the

quantitative measurements that report the intensity of

physical activity [33,34]. Not all the studies available in

the literature, however, used this method. This could

lead to a potential overestimation of the results. In

contrast, the subanalysis performed according to the

methods used for the assessment of physical activity

demonstrated that the significant protective effect of

physical activity was not influenced by the method used

for questionnaires.

Third, we decided to group the different levels of

physical activity into three different categories: we took

into consideration, for the high category of intensity, the

second-highest levels, not the maximal, of LTPA from the

selected studies. Otherwise the high category of intensity

would have been achieved only by a limited proportion of

the study population. This could have imparted a

significant bias to the results, mainly arising from the

elimination of the vigorous category. Rather, the effect of

vigorous LTPA on the occurrence of CVD is debated:

some studies have evidenced a clear beneficial role

against the occurrence of cardiac events [4,20,21];

whereas, other studies have demonstrated that prolonged

strenuous exercise induces an activation of the sympa-

thetic system, of the blood-coagulation cascade as well as

of the inflammatory pathway, thereby posing an increased

risk for intravascular thrombosis and acute ischaemic

events [35]. Moreover, in the ‘real world’, it is important

to clearly assess the protective effect of a medium level of

physical activity, a level that can be attained on a large

scale by ordinary people, and one usually recommended

by guidelines.

In conclusion, this meta-analysis provides convincing

evidence on the significant protective role of moderate

physical activity against CHD and gives strong specific

support to the relevance of and urgency for action, which

is possible by involving governments in widely imple-

menting health-educational profiles, including the induc-

tion of moderate levels of LTPA. If these goals were

achieved, CHD morbidity and mortality would be greatly

reduced, with a significant reduction in national health

expenditure.
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