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Abstract

Background: Many cohort studies within the past few decades have shown the protective effect of leisure-time physical

activity on cardiovascular mortality. To summarise the evidence from prospective cohort studies on the relationship

between the amount of leisure-time physical activity and the risk of cardiovascular mortality, a dose–response meta-

analysis was conducted in this study.

Methods and results: Electronic databases, including PubMed and Embase databases, Scopus and Cochrane Library,

were systemically retrieved by two investigators from inception to 14 June 2018 for related studies. The maximum

adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) were extracted, and a dose–response analysis was

conducted using the restricted cubic splines. Finally, a total of 44 studies comprising 1,584,181 participants was enrolled
into this meta-analysis. The HRs of cardiovascular mortality for moderate and high leisure-time physical activity were

0.77 (95% CI 0.74–0.81) and 0.73 (95% CI 0.69–0.77), respectively. Among these 44 studies, 19 were eligible for the

dose–response meta-analysis, which suggested a linear negative correlation of leisure-time physical activity with cardio-

vascular mortality, regardless of age, gender and the presence of underlying cardiovascular disease or not.

Conclusions: Leisure-time physical activity shows a linear negative correlation with the risk of cardiovascular mortality

regardless of age, gender and the presence of cardiovascular disease or not. However, the cardiovascular benefits of

leisure-time physical activity is decreased for those aged over 65 years or those with a history of cardiovascular disease.

Moreover, leisure-time physical activity displays more cardiovascular benefits to people followed up for over 10 years
than to those followed up for less than 10 years. Besides, high-intensity leisure-time physical activity has more obvious

cardiovascular benefits than those of moderate-intensity leisure-time physical activity.
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Introduction

An increasing number of epidemiological studies

have shown that low physical activity (PA) is a strong

independent risk factor for cardiovascular mortality

(CVM).1–3 In addition, quantitative estimates also con-

vince us that a sedentary lifestyle will lead to about

30% of deaths from coronary heart disease4 and an

increased risk of premature cardiovascular death.5,6

As is well known, PA exerts a protective effect on the

incidence and mortality of cardiovascular disease

(CVD), which may mainly be achieved through its
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positive influence on the risk factors, such as weight

gain, hypertension, glucose tolerance and dyslipide-

mia.7,8 Therefore, the American College of Sports

Medicine has currently recommended at least 30 minutes

of moderate-intensity cardiorespiratory exercise training

for at least 5 days a week, or at least 20 minutes of high-

intensity cardiorespiratory exercise training for at least 3

days a week, or a combination of these two activities, to

counter the growing physically inactive lifestyle.9 The

health promotion effects of PA have been learned, espe-

cially in many industrialised countries; nonetheless, the

participation in PA remains poor.10

PA can be divided into four most common domains,

including household, transportation, work and leisure

time. Of these, leisure-time physical activity (LTPA) is

generally regarded as a kind of PA for leisure, which is

also one of the essential PAs for relaxation. In the

modern society characterised by the fast-paced work

and living environment, people can actively take full

advantage of their leisure time to experience all kinds

of PAs, based on the process of entertainment fitness.

Typically, the status of LTPA is becoming increasingly

important in this high-intensity working environment.

A previous meta-analysis has illustrated the relation-

ship between PA and CVM;11 however, it gives no spe-

cific distinction between the PA types, and the generally

called PA refers to all PA types. More importantly,

several studies have shown that there may be an inde-

pendent dose–response between PA and CVM.9,12

However, it remains unclear about the appropriate

amount of LTPA for cardiovascular health at the popu-

lation level, and whether more LTPA will be better.

Therefore, the current meta-analysis aimed systematic-

ally to assess the association of LTPA with CVM, and

to evaluate the quantifiable dose–response relationship

between LTPA and CVM.

Methods

Literature retrieval and study selection

The protocol and report of this meta-analysis were

based on the meta-analysis of observational studies in

epidemiology guidelines.13 No ethical approval was

provided, because only data from the published studies

were used in this meta-analysis.

Electronic databases, such as PubMed and Embase

database, the Cochrane Library and Scopus, were sys-

temically retrieved by two investigators from inception

to 14 June 2018, for published studies reporting the

relations of LTPA with CVM, regardless of language.

Meanwhile, the references of the retrieved articles were

also consulted for further study. Typically, the key

words, including ‘physical activity’, ‘cardiovascular

mortality’ and ‘prospective’, were adopted for literature

retrieval. Meanwhile, the Boolean operator ‘AND’ was

used among these three groups of keywords, while ‘OR’

was used within each group. The detailed retrieval pro-

cess is shown in Supplementary Appendix 1. Moreover,

the study inclusion criteria were as follows: (a) pro-

spective studies recruiting people aged over 18 years;

(b) studies treating LTPA as the exposure of interests,

which included at least two categories (such as low and

high); (c) studies treating CVM as the outcome; (d)

studies with available data on relative risk (RR) or

hazard ratio (HR) and corresponding 95% confidence

intervals (CIs); and (e) information from detailed con-

ference abstracts was also included. The study exclusion

criteria were as follows: (a) studies enrolling the study

population of less than 18 years and non-prospective

studies; (b) studies on non-LTPA and non-CVM; (c)

studies with no available data on RR or HR and cor-

responding 95% CIs; (d) studies with the longest

follow-up data or the largest number of population

would be included for duplicated publications; and (e)

case reports and letters were excluded.

Data extraction and quality assessment

The following data, including first author, publication

year, geographical location, study design, number of

participants, follow-up duration, age, percentage of

women, assessment of LTPA and CVM and main find-

ings, were extracted by two investigators (WKC and ZL)

independently using a unified data list. Any disagree-

ment was settled by mutual consultation or by the opin-

ion of a third researcher (WJL). Besides, the HRs or

RRs (moderate vs. low, high vs. low) of the maximum

covariate adjustment were extracted, among which, HR

was used as a common indicator of the study, while its

RR was considered to be equivalent to HR. All results

were expressed as HRs. Typically, the original authors

would be contacted to find out ambiguous or missing

information. Furthermore, the Newcastle–Ottawa scale

(NOS) items14 were used for study quality assessment,

with a total score of 9 stars. A study with an NOS score

of 6 or more stars was deemed as high quality, while that

with an NOS score of less than 6 stars was considered to

be of low quality.

Statistical analyses

Stata 12.0 was used in all statistical analyses.

Meanwhile, statistical heterogeneity was evaluated

using the I2 statistic; I2 values of 25%, 50% and 75%

represented low, moderate and high inconsistency,

respectively.15 Moreover, the potential sources of het-

erogeneity were evaluated through meta-regression

and subgroup analysis. In addition, the P value of

meta-regression was calculated through a permutation
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test of 10,000,16 so as to control the spurious findings.

Meanwhile, sensitivity analysis was conducted to test the

impact of each individual study on the pooled results,

and the potential publication bias was assessed using

Begg’s test.17 Notably, a random effect model, rather

than a fixed effect model, was used to estimate more

conservatively the pooled HRs, because the former

could better explain the heterogeneity between studies.

In addition, the random effect model was utilised to

evaluate the linear and non-linear dose–response rela-

tionships between LTPA and CVM in two stages. To be

specific, the generalised least squares regression was

used in the first stage to estimate the restrictive three

spline models with three knots at the 25th, 50th and

75th percentiles of the LTPA level,18 and the correl-

ations within the published HRs of each group were

also estimated.19 Subsequently, the pooled results

according to the restricted maximum likelihood

method were integrated into the multivariate random-

effect meta-analysis. In the meantime, the non-linear P

value was calculated through testing the values of the

second spline coefficient equivalent to zero. Typically,

the number of cases in each LTPA category (at least

three categories) and the number of participants

(person-years), as well as the corresponding HRs

(95% CI) should be available in the dose–response ana-

lysis. Any missing data regarding the number of cases

in each category were deduced from the total number of

cases and the reported risk estimates.20 Besides, the

intensity of LTPA (such as swimming, running, aer-

obics, football, tennis and other sports) was expressed

by metabolic equivalents (METs), which was greater

than 6 METs. Typically, walking is a moderate inten-

sity activity (3–6m), while LTPAs of less than 3 METs

corresponded to mild intensity activities (such as heavy

housework, family improvement activities, manual and

horticultural work).21 Besides, METs�hours a week was

also calculated by multiplying the intensity of LTPA

with the number of hours of LTPA per week, which

could be used as a measure of the amount of LTPA.22

According to previous reports, mild, moderate and high

intensity activities were assigned as 2, 4 and 8, respect-

ively, to estimate the METs�hours a week.23Notably, the

amplitude of the upper limit of the highest LTPA was

assumed to be the same as that of the adjacent category,

if it was not provided in the study. A difference of

P� 0.05 was considered as statistically significant.

Results

As shown in Supplementary Figure 1, a total of 8953

studies (including 3746 from PubMed, 600 from

Embase database, 4517 from Scopus and 87 from

Cochrane) were originally identified, and three add-

itional studies were found through hand-searching.

Sixty-eight of these 8953 studies were selected after

eliminating the duplicated studies, reading titles or

abstracts, and consulting the full-text studies. In add-

ition, eight out of these 68 remaining studies were

excluded after detailed review as a result of: (a) reviews

(n¼ 3); (b) cross-sectional studies (n¼ 2); (c) not using

LTPA as the exposure of interests (n¼ 11); (d) not

treating CVM as the outcome (n¼ 6); (e) study with

the missed follow-up rate of over 50% (n¼ 1); and (f)

study using duplicated data (n¼ 1). Finally, 44 studies

comprising 1,584,181 participants were included in this

meta-analysis.

The detailed characteristics of the enrolled studies in

this meta-analysis are shown in Supplementary Table

1.24–67 Most studies have categorised LTPA into low,

moderate and high LTPA groups. A few studies have

homogenised LTPA, such as the study of Shiroma

et al.,61 which divided LTPA into five groups on aver-

age. We consider that the first group is low, the third is

moderate and the fifth is high. At the same time, any

article carried out according to a specific gender ana-

lysis (such as male and female) was regarded as two

studies. According to Supplementary Table 2, the qual-

ity of these included studies was acceptable worldwide,

as all of them had a NOS score of 6 or more stars.

Meta-analysis

Moderate versus low group. As shown in Supplementary

Figure 2, compared with low-intensity LTPA, the mod-

erate-intensity LTPA could outstandingly reduce CVM

(HR 0.77, 95% CI 0.74–0.81) (N¼ 40). The funnel plot

of the moderate-intensity LTPA versus low-intensity

LTPA is presented in Supplementary Figure 3.

Besides, the Begg’s test revealed no obvious evidence

of a publication bias (P¼ 0.119). In sensitivity analysis,

the results were only slightly changed after each indi-

vidual study was eliminated.

High versus low group. It could be observed from

Supplementary Figure 4 that, compared with low-

intensity LTPA, high-intensity LTPA could remarkably

decrease CVM (HR 0.73, 95% CI 0.69–0.77) (N¼ 44).

Meanwhile, the funnel plot of the moderate-intensity

LTPA versus low-intensity LTPA is displayed in

Supplementary Figure 5. Moreover, the Begg’s test

revealed no obvious evidence of a publication bias

(P¼ 0.106). In sensitivity analysis, only a slight

change was observed in the results after removing

each individual study.

Quantitative synthesis. According to Figure 1, 19 studies

were eligible to participate in the dose–response meta-

analysis of LTPA and CVM. The results demonstrated

a continuous and dose–response relationship between
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the quantitative estimates of the amount of

LTPA and the risk of CVM in the total population

(Pfor non-linearity¼ 0.119). The baseline population char-

acteristics might markedly influence the pooled results;

on this account, all studies were further divided into

four subgroups, including gender (female or male),

age (�65 or <65 years), underlying CVD (with or with-

out) and follow-up duration (�10 or <10 years), as

shown in Figures 2–9.

Supplementary Table 3 presents the relationship

between the risk of CVM and the one-hour increases

of moderate-intensity LTPA and high-intensity LTPA.

LTPA displayed a negative linear dose–response rela-

tionship with the risk of CVM in these four subgroups.

In the subgroup analysis of age (�65 and <65 years),

the risks of CVM were decreased by 1.4% and 3.3% for

one1 hour of moderate-intensity LTPA, and 2.8% and

6.4% for one hour of high-intensity LTPA, respect-

ively. In the subgroup analysis of gender (female and

male), the risks of CVM were reduced by 2.5%

and 1.7% for one hour of moderate-intensity LTPA,

and 4.9% and 3.2% for one hour of high-intensity

LTPA, respectively. Meanwhile, in the subgroup ana-

lysis of the underlying CVD (with and without), the
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Figure 2. Dose–response of leisure-time physical activity

(LTPA) and cardiovascular mortality (CVM) (with cardiovascular

disease (CVD)). The bold and the dashed lines represent the

estimated risk ratio (hazard ratio) and the 95% confidence

interval, respectively.

1.0

0.9

0.8

H
a
z
a
rd

 r
a

ti
o
 o

f 
c
a
rd

io
va

s
c
u
la

r 
m

o
rt

a
lit

y

0.7

0.6

0.5

0.4

0 20 40 60 80 100

Leisure-time physical activity (METs•h/w)

Figure 1. Dose–response of leisure-time physical activity

(LTPA) and cardiovascular mortality (CVM) (total population).

The bold and the dashed lines represent the estimated risk ratio

(hazard ratio) and the 95% confidence interval, respectively.
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Figure 3. Dose–response of leisure-time physical activity

(LTPA) and cardiovascular mortality (CVM) (without cardiovas-

cular disease (CVD)). The bold and the dashed lines represent

the estimated risk ratio (hazard ratio) and the 95% confidence

interval, respectively.
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Figure 4. Dose–response of leisure-time physical activity

(LTPA) and cardiovascular mortality (CVM) (<65 years). The

bold and the dashed lines represent the estimated risk ratio

(hazard ratio) and the 95% confidence interval, respectively.
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risks of CVM were lowered by 4.2% and 3.2% for one

hour of moderate-intensity LTPA, and 8.3% and 6.3%

for one hour of high-intensity LTPA, respectively.

Besides, in the subgroup analysis of the follow-up dur-

ation (�10 and <10 years), the risks of CVM were

reduced by 3.2% and 2.3% for one hour of moder-

ate-intensity LTPA, and 6.2% and 4.6% for one hour

of high-intensity LTPA, respectively.

Moreover, subgroup analysis and meta-regression

were also performed to explain the sources of hetero-

geneity (moderate vs. low, and high vs. low), as shown

in Supplementary Table 4. On analysis, the sources of

heterogeneity might derive from the following aspects,

including the follow-up duration, the mean age of par-

ticipants, sex, the geographical location of the study

(including Asia, Europe, America and others), the

score of study quality and the presence of underlying

CVD. It was found when comparing the moderate

group with the low group that, follow-up duration

(P¼ 0.05) and study quality (P¼ 0.03) might contribute

to the study heterogeneity. Similarly, follow-up dur-

ation was also found to make a potential contribution

to the study heterogeneity after comparing the high
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Figure 8. Dose–response of leisure-time physical activity

(LTPA) and cardiovascular mortality (CVM) (follow-up <10

years). The bold and the dashed lines represent the estimated

risk ratio (hazard ratio) and the 95% confidence interval,

respectively.
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Figure 6. Dose–response of leisure-time physical activity

(LTPA) and cardiovascular mortality (CVM) (male). The bold and

the dashed lines represent the estimated risk ratio (hazard ratio)

and the 95% confidence interval, respectively.
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Figure 5. Dose–response of leisure-time physical activity

(LTPA) and cardiovascular mortality (CVM) (�65 years). The

bold and the dashed lines represent the estimated risk ratio

(hazard ratio) and the 95% confidence interval, respectively.
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Figure 7. Dose–response of leisure-time physical activity

(LTPA) and cardiovascular mortality (CVM) (female). The bold

and the dashed lines represent the estimated risk ratio (hazard

ratio) and the 95% confidence interval, respectively.
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group with the low group (P¼ 0.048). In the sensitivity

analysis, the elimination of studies with the widest

CIs or the narrowest CIs would only slightly affect

the results.

Discussion

Findings from this meta-analysis involving 1,584,181

people suggest that any intensity of LTPA would still

reduce the risk of CVM, even when it is lower than that

recommended by the World Health Organization 2010

global recommendations on physical activity for

health.68

Many previous studies have focused on the relation-

ship between LTPA and the risk of CVM; nonetheless,

the different baseline characteristics of the study popu-

lation make it impossible for a complete and detailed

meta-analysis. Besides, the results of quantitative ana-

lysis have suggested a negative correlation between

LTPA and the risk of CVM. Importantly, the benefits

of LTPA are independent of sex, age and the presence

of underlying CVD. However, the cardiovascular bene-

fits of LTPA are reduced for patients aged over 65 years

or with a history of CVD, which may be attributed to

the fact that the benefits of LTPA can not offset the risk

of long-term chronic disease-related death. Batty

et al.58 showed that in people with symptomatic

angina, the discomfort of chest pain would help to

regulate their intensities of PA. However, such a regu-

latory mechanism does not work in asymptomatic

people, leading to an increased risk of coronary heart

disease mortality. In addition, Huerta et al.59 indicated

no significant association between LTPA and the risk

of CVM, which might be ascribed to the lack of data

regarding cardiac and respiratory health in people

involved in that study. Compared with one hour of

moderate-intensity LTPA, the benefits of one hour

high-intensity LTPA to the risk of CVM are more obvi-

ous. Studies by Rognmo et al. showed that high-

intensity PA would more efficiently increase coronary

arterial oxygen.69 Compared with patients followed up

for less than 10 years, LTPA in the follow-up popula-

tion for over 10 years would bring more cardiovascular

benefits. On the other hand, it reflects that the

longer LPTA duration will achieve greater cardiovas-

cular benefits.

Recent studies have proposed various mechanisms

to explain the health benefits of LTPA. Typically, the

protective effects of PAs on the risks of CVD include

adjustments to blood pressure, lipid levels, glucose tol-

erance or body mass index.70 In addition, PA can dir-

ectly affect the function and structure of the vascular

system, which is referred to as vascular relief and regu-

lation. It may help to reduce cardiovascular risk, which

is known as the ‘vascular deconditioning and condi-

tioning’ effect and may contribute to reducing cardio-

vascular risk.71 Other potential benefits include

improving endothelial cell function, reducing plaque

progression, stabilising the induced plaques, decreasing

myocardial oxygen demand and alleviating throm-

bosis.72,73 Chastin et al.74 suggested in their study that

low-intensity PAs were beneficial for acute and chronic

cardiometabolic responses and might also reduce the

risk of mortality, which was associated with its acute

positive effects on glucose and insulin. Meanwhile, stu-

dies by Schmid and Leitzmann75 have shown that fre-

quent LTPA among the elderly could help to maintain

or reflect the overall cardiopulmonary adaptability,

which could markedly affect the prevention of CVD

in a positive manner. However, these mechanisms are

complex and require further studies.

Of note, our meta-analysis has the following

strengths. First, this is the first meta-analysis completed

based on the baseline characteristics of the study popu-

lation. Second, subgroup analysis and meta-regression

are conducted in this meta-analysis to explain the

sources of heterogeneity, the results of which suggest

that study quality and follow-up duration may be one

of the sources of heterogeneity. Meanwhile, the pooled

HRs may be slightly affected in the sensitivity analysis.

Third, the dose–response analysis is further divided into

four subgroups according to the baseline characteristics

of the enrolled studies, and the HRs for CVM are also

calculated through the one hour increase in moderate-

intensity PA and one hour increase in high-intensity

PA, respectively.

Meanwhile, this meta-analysis is also inevitably

associated with certain limitations. First, there is mod-

erate–high heterogeneity in this meta-analysis.
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Figure 9. Dose–response of leisure-time physical activity

(LTPA) and cardiovascular mortality (CVM) (follow-up �10

years). The bold and the dashed lines represent the estimated

risk ratio (hazard ratio) and the 95% confidence interval,

respectively.
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According to the subgroup analysis and meta-

regression, other covariates, except for study quality

and follow-up duration, can not well explain the

sources of heterogeneity. Second, subjective bias may

exist in assessing the PA classification using a question-

naire or the frequency of self-reported PA. Third, the

relationship between LTPA and CVM remains

unknown in older adults aged over 81 years due to

data limitation. Moreover, the maximum LTPA in

the dose–response analysis is 100 METs�hours a week,

and the relationship between over 100 METs�hours a

week of LTPA and CVM remains unknown. Fourth,

although most studies have been adjusted for the max-

imum hybrid variables, the effects of residual confound-

ing factors still can not be excluded.

Conclusions

Our findings suggest a linear negative correlation

between LTPA and the risk of CVM regardless of

age, gender and the presence of CVD. However, the

cardiovascular benefits of LTPA are decreased

for those aged over 65 years or with a history of

CVD. Moreover, LTPA shows more cardiovascular

benefits to people followed up for over 10 years than

to those followed up for less than 10 years. Besides,

high-intensity LTPA will lead to more obvious cardio-

vascular benefits than those of moderate-intensity

LTPA.
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42. Bacevičiene_M, Lukšiene_D, Bernotiene_G, et al. Estimation

of all-cause and cardiovascular mortality risk in relation

to leisure-time physical activity: a cohort study. Medicina

2012; 48: 632–639.

43. Besson H, Ekelund U, Brage S, et al. Relationship

between subdomains of total physical activity and mor-

tality. Med Sci Sports Exerc 2008; 40: 1909–1915.

44. Fang J, Wylie-Rosett J, Cohen HW, et al. Exercise, body

mass index, caloric intake, and cardiovascular mortality.

Am J Prev Med 2003; 25: 283–289.

45. Evenson KR, Wen F and Herring AH. Associations of

accelerometry-assessed and self-reported physical activity

and sedentary behavior with all-cause and cardiovascular

mortality among US adults. Am J Epidemiol 2016; 184:

621–632.

46. Hamer M and Stamatakis E. Physical activity and mor-

tality in men and women with diagnosed cardiovascular

disease. Eur J Cardiovasc Prev Rehabil 2009; 16: 156–160.

47. Holme I and Anderssen SA. Increases in physical activity

is as important as smoking cessation for reduction in

total mortality in elderly men: 12 years of follow-up of

the Oslo II study. Br J Sports Med 2015; 49: 743–748.

48. Hu G, Eriksson J, Barengo NC, et al. Occupational, com-

muting, and leisure-time physical activity in relation to

total and cardiovascular mortality among Finnish sub-

jects with type 2 diabetes. Circulation 2004; 110: 666–673.

Cheng et al. 1871



49. Moe B, Augestad LB and Nilsen TIL. Diabetes severity

and the role of leisure time physical exercise on cardio-

vascular mortality: the Nord-Trøndelag Health study

(HUNT), Norway. Cardiovasc Diabetol 2013; 12: 83.

50. Moholdt T, Wisløff U, Nilsen TIL, et al. Physical activity

and mortality in men and women with coronary heart

disease: a prospective population-based cohort study in

Norway (the HUNT study). Eur J Cardiovasc Prev

Rehabil 2008; 15: 639–645.

51. Patel AV, Bernstein L, Deka A, et al. Leisure time spent

sitting in relation to total mortality in a prospective

cohort of US adults. Am J Epidemiol 2010; 172: 419–429.

52. Moholdt T, Lavie CJ and Nauman J. Interaction of phys-

ical activity and body mass index on mortality in coron-

ary heart disease: data from the Nord-Trøndelag Health

Study. Am J Med 2017; 130: 949–957.

53. Savela S, Koistinen P, Tilvis RS, et al. Leisure-time phys-

ical activity, cardiovascular risk factors and mortality

during a 34-year follow-up in men. Eur J Epidemiol

2010; 25: 619–625.

54. 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.

55. Holtermann A, Mortensen OS, Burr H, et al. The inter-

play between physical activity at work and during leisure

time-risk of ischemic heart disease and all-cause mortality

in middle-aged Caucasian men. Scand J Work, Environ

Health 2009; 35: 466–474.

56. Zethelius B, Gudbjörnsdottir S, Eliasson B, et al. Level of

physical activity associated with risk of cardiovascular

diseases and mortality in patients with type-2 diabetes:

report from the Swedish National Diabetes Register.

Eur J Prev Cardiol 2014; 21: 244–251.

57. Zhao G, Li C, Ford ES, et al. Leisure-time aerobic phys-

ical activity, muscle-strengthening activity and mortality

risks among US adults: the NHANES linked mortality

study. Br J Sports Med 2014; 48: 244–249.

58. Batty GD, Shipley MJ, Marmot M, et al. Leisure time

physical activity and coronary heart disease mortality in

men symptomatic or asymptomatic for ischaemia: evi-

dence from the Whitehall study. J Public Health 2003;

25: 190–196.

59. Huerta JM, Chirlaque MD, Tormo MJ, et al. Work,

household, and leisure-time physical activity and risk of

mortality in the EPIC-Spain cohor]. Prev Med 2016; 85:

106–112.

60. O’Donovan G, Hamer M and Stamatakis E.

Relationships between exercise, smoking habit and mor-

tality in more than 100,000 adults. Int J Cancer 2017; 140:

1819–1827.

61. Shiroma EJ, Sesso HD, Moorthy MV, et al. Do moder-

ate-intensity and vigorous-intensity physical activities

reduce mortality rates to the same extent? J Am Heart

Assoc 2014; 3: e000802.

62. 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: 143–148.

63. 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: 335–342.

64. Donneyong MM, Taylor KC, Kerber RA, et al. Is out-

door recreational activity an independent predictor of

cardiovascular disease mortality – NHANES III? Nutr,

Metab Cardiovasc Dis 2016; 26: 735–742.

65. Hamer M and Stamatakis E. Low-dose physical activ-

ity attenuates cardiovascular disease mortality in men

and women with clustered metabolic risk factors.

Circulation: Cardiovasc Quality Outcomes 2012; 5:

494–499.

66. Wang N, Zhang X, Xiang YB, et al. Associations of Tai

Chi, walking, and jogging with mortality in Chinese men.

Am J Epidemiol 2013; 178: 791–796.

67. Gunnell AS, Knuiman MW, Divitini ML, et al. Leisure

time physical activity and long-term cardiovascular and

cancer outcomes: the Busselton Health Study. Eur J

Epidemiol 2014; 29: 851–857.

68. World Health Organization. Global recommendations on

physical activity for health. www.who.int/dietphysicalac-

tivity/publications/9789241599979/en/ (accessed 15 June

2018).

69. Rognmo Ø, Hetland E, Helgerud J, et al. High intensity

aerobic interval exercise is superior to moderate intensity

exercise for increasing aerobic capacity in patients with

coronary artery disease. Eur J Cardiovasc Prev Rehabil

2004; 11: 216–222.

70. Rossi A, Dikareva A, Bacon SL, et al. The impact of

physical activity on mortality in patients with high

blood pressure: a systematic review. J Hypertens 2012;

30: 1277–1288.

71. Thijssen DH, Maiorana AJ, O’Driscoll G, et al. Impact

of inactivity and exercise on the vasculature in humans.

Eur J Appl Physiol 2010; 108: 845–875.

72. Moyna NM and Thompson PD. The effect of physical

activity on endothelial function in man. Acta Physiol

Scand 2004; 180: 113–123.

73. Bowles DK and Laughlin MH. Mechanism of beneficial

effects of physical activity on atherosclerosis and coron-

ary heart disease. J Appl Physiol 2011; 111: 308–310.

74. Chastin SFM, De Craemer M, De Cocker K, et al. How

does light-intensity physical activity associate with adult

cardiometabolic health and mortality? Systematic review

with meta-analysis of experimental and observational stu-

dies. Br J Sports Med 2018; doi: 10.1136/bjsports-2017-

097563.

75. Schmid D and Leitzmann MF. Association between

physical activity and mortality among breast cancer and

colorectal cancer survivors: a systematic review and meta-

analysis. Ann Oncol 2014; 25: 1293–1311.

1872 European Journal of Preventive Cardiology 25(17)


