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Aims Physical activity has been shown to reduce mortality in a dose-response fashion. Current guidelines recommend

500–1000 metabolic equivalent task (MET)-min per week of regular physical activity. This study aimed to compare

the impact of leisure-time physical activity on mortality in primary versus secondary cardiovascular prevention.
...................................................................................................................................................................................................

Methods

and results

This study included a total of 131 558 and 310 240 subjects with and without cardiovascular disease (CVD), re-

spectively, from a population-based cohort. Leisure-time physical activity was measured by self-report question-

naires. The study subjects were followed-up for a median of 5.9 years, and the main study outcome was all-cause

mortality. There was an inverse relationship between the physical activity level and the mortality risk in both

groups. The benefit in the secondary prevention group was shown to be greater than that in the primary preven-

tion group: every 500 MET-min/week increase in physical activity resulted in a 14% and 7% risk reduction in

mortality in the secondary and primary prevention groups, respectively (interaction P < 0.001). In addition, while

individuals without CVD benefited the most between 1 and 500 MET-min/week of physical activity, the benefit in

those with CVD continued above 500 - 1000 MET-min/week. The adjusted mortality risk of individuals with CVD

who performed a high level of physical activity (>_1000 MET-min/week) was shown to be comparable to or lower

than that of their counterparts without CVD.
...................................................................................................................................................................................................

Conclusion Individuals with CVD may benefit from physical activity to a greater extent than do healthy subjects without CVD.
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Introduction

Strong evidence supports an inverse dose-response relationship

between physical activity levels and mortality.1–3 Current guidelines

recommend at least 500–1000 metabolic equivalent task (MET)-

minutes per week of moderate-to-vigorous physical activity.4–6

Unfortunately, studies have shown that less than half of adults achieve

this level of physical activity, while one-third do no physical activity

at all.7,8

The existing evidence on the dose-response relationship is mostly

based on healthy people.9–16 While individuals with cardiovascular

disease (CVD) are at higher risk for mortality and morbidity, they

also tend to have sedentary lifestyles and are less physically active

than are those without CVD.17 Interventions with comprehensive
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cardiovascular rehabilitation programmes have been shown to re-

duce cardiac mortality in patients with coronary heart disease.18

While physical activity is generally recommended for secondary

CVD prevention by contemporary guidelines, there is still a paucity

of data regarding the relationship between physical activity and mor-

tality, specifically among patients with pre-existing CVD.19–21 In add-

ition, no previous studies have compared the beneficial effect of

physical activity between primary vs. secondary CVD prevention.

We analysed a population-based cohort in this study to elucidate

how the benefit of physical activity interacts with the presence of

CVD. We specifically sought (i) to evaluate the levels of physical ac-

tivity among participants with and without CVD, (ii) to identify the re-

lationship between physical activity and mortality among patients

with CVD, and (iii) to compare the associations between the primary

and secondary prevention groups.

Methods

Data source and study subjects
A national health claims database, the National Health Insurance

Services–Health Screening Cohort was used in this study. Details about

the cohort have been described previously.22 Enrolees in the insurance

system aged 40 years or older are entitled to undergo a general health

screening programme every 2 years. The programme includes self-report

questionnaires, anthropometric and blood pressure measurements, and

laboratory tests using blood and urine samples. Standardized question-

naires are used to acquire information on previous medical history, family

history, and lifestyle factors such as smoking, alcohol intake, and physical

activity. This study was exempt from review by the Seoul National

University, Bundang Hospital Institutional Review Board (I-2018-11316).

It complied with the requirements of the Declaration of Helsinki, and the

need for informed consent was waived.

A total of 441 798 individuals who underwent the screening pro-

gramme between 2009 and 2015 and completed surveys on physical ac-

tivity were extracted from the cohort. Each individual’s claims records

were reviewed for a history of CVD from 2002 until the date of the

health check-up. Study subjects with prior myocardial infarction (MI),

other ischaemic heart diseases, prior stroke, or chronic heart failure (HF)

were considered to have CVD (secondary prevention group). The pri-

mary prevention group included those without a history of CVD.

Definitions of CVD are detailed in Supplementary material online, Table

S1.

Physical activity
The level of leisure-time physical activity was collected with self-report

structured questionnaires using a 7-day recall method. The survey

included three questions that addressed the usual frequency (days per

week) of (i) light-intensity activity for at least 30min (e.g. walking at a

slow or leisurely pace), (ii) moderate-intensity activity for at least 30min

(e.g. brisk walking, slow cycling, or tennis doubles), and (iii) vigorous-

intensity activity for at least 20min (e.g. jogging or running, bicycling

>15km/h, climbing briskly up a hill, or participating in an aerobics class).

Ratings of 2.9, 4.0, and 7.0 METs were assigned for light-intensity, moder-

ate-intensity, and vigorous-intensity activities, respectively. Physical

activity-related energy expenditure (MET-min/week) was calculated by

summing the product of frequency, intensity, and duration. The level of

leisure-time physical activity was categorized into 0 (totally sedentary),

<500, 500–999, 1000–1499, and >_1500MET-min/week.

Study outcomes
The primary study outcome measure was all-cause mortality. Study sub-

jects were followed until the end of 2015. Vital status, date of death, and

cause of death were certified by linking the records from the National

Death Index using each individual’s identification code. Secondary out-

comes included cardiovascular death and non-cardiovascular death.

Statistical analysis
Summary statistics are reported as means ± standard deviations for nu-

merical variables and as numbers (%) for categorical variables.

Continuous variables were compared using the Student’s t-test or Mann–

Whitney’s U test, as appropriate. Categorical variables were compared

using the v2 test. The incidence rate of mortality was calculated by divid-

ing the number of deaths by the sum of the follow-up duration and pre-

sented as the rate per 1000 person-years. Kaplan–Meier survival curves

were constructed and compared using the log-rank test. Cox

proportional-hazard models were used to calculate hazard ratios (HRs)

and 95% confidence intervals (CIs). Multivariable regression models were

constructed with adjustment for (i) age and sex, and (ii) including age, sex,

income level, residential area (urban or non-urban), body mass index,

hypertension, diabetes mellitus, dyslipidaemia, smoking, renal disease,

end-stage renal disease, liver disease, malignancy, fasting blood sugar,

serum creatinine level, and the use of aspirin, statins, and antihypertensive

medications. The interaction between physical activity and CVDwas con-

sidered in the statistical models. Restricted cubic splines were fitted with

four knots by treating the amount of physical activity as a continuous vari-

able using the ‘rms’ package. Sensitivity analyses were done according to

sex and baseline risk subgroups. The baseline cardiovascular risk of sub-

jects without CVD was calculated using systematic coronary risk evalu-

ation and a pooled cohort equation.23,24 All statistical analyses were

performed with R programming version 3.3.3 (http://www.R-project.org;

the R Foundation for Statistical Computing, Vienna, Austria).

Results

Baseline characteristics
The baseline characteristics of a total of 441 798 study subjects are

shown in Table 1. The median age of the participants was 59.5 years,

53.5% were men, 38.9% had hypertension, 12.6% had diabetes, and

16.9% were current smokers. The means of body mass index, blood

pressure, total cholesterol, high-density lipoprotein (HDL) choles-

terol, low-density lipoprotein (LDL) cholesterol, and fasting blood

glucose were 24.0 kg/m2, 125.5/77.6mmHg, 199.6mg/dL, 55.0mg/dL,

118.3mg/dL, and 101.6mg/dL, respectively.

Among the study population, 29.8% of participants had CVD

(n=131 558) and the other 70.2% (n=310 240) had no history of

CVD. Ischaemic heart disease accounted for the largest proportion

of the participants with CVD, followed by prior stroke, chronic HF,

and MI. Cardiovascular disease was associated with older age and a

higher prevalence of comorbidities such as hypertension, diabetes,

and hyperlipidaemia. The proportion of participants taking cardiovas-

cular medications including aspirin, antihypertensive agents, and sta-

tins was higher in those with CVD.

Physical activity
The range of physical activity level of the study population was 0–

2429 MET-min/week (Supplementary material online, Figure S1).

Participants with CVD were less physically active than were those

3548 S.-W. Jeong et al.
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Table 1 Baseline characteristics of the study population

Variables Total (n5 441 798) Cardiovascular

disease (n5 131 558)

No cardiovascular

disease (n5 310 240)

Age (years) 59.5 ± 9.1 63.8 ± 9.4 57.8 ± 8.3

Male sex 236 517/441 798 (53.5%) 66 030/131 558 (50.2%) 170 487/310 240 (55.0%)

Income levels

Fifth quintile (highest) 155 879/441 798 (35.3%) 47 355/131 558 (36.0%) 108 524/310 240 (35.0%)

Fourth quintile 92 249/441 798 (20.9%) 27 459/131 558 (20.9%) 64 790/310 240 (21.0%)

Third quintile 70 602/441 798 (16.0%) 20 410/131 558 (15.5%) 50 192/310 240 (16.2%)

Second quintile 58 818/441 798 (13.3%) 16 529/131 558 (12.6%) 42 289/310 240 (13.6%)

First quintile (lowest) 61 998/441 798 (14.0%) 18 743/131 558 (14.2%) 43 255/310 240 (13.9%)

Covered by medical aid 2252/441 798 (0.5%) 1062/131 558 (0.8%) 1190/310 240 (0.4%)

Anthropometric measurements

Body mass index (kg/m2) 24.0 ± 3.0 (441 570) 24.4 ± 3.1 (131 444) 23.9 ± 2.9 (310 126)

Systolic blood pressure (mmHg) 125.5 ± 15.4 (441 680) 127.5 ± 15.5 (131 501) 124.7 ± 15.2 (310 179)

Diastolic blood pressure (mmHg) 77.6 ± 10.0 (441 679) 77.9 ± 10.0 (131 502) 77.4 ± 10.0 (310 177)

Baseline risk factors

Hypertension 171 658/441 798 (38.9%) 90 139/131 558 (68.5%) 81 519/310 240 (26.3%)

Diabetes mellitus 55 748/441 798 (12.6%) 28 027/131 558 (21.3%) 27 721/310 240 (8.9%)

Dyslipidaemia 182 133/441 798 (41.2%) 86 661/131 558 (65.9%) 95 472/310 240 (30.8%)

Current smoking 74 605/441 798 (16.9%) 17 137/131 558 (13.0%) 57 468/310 240 (18.5%)

Renal disease 6141/441 798 (1.4%) 3993/131 558 (3.0%) 2148/310 240 (0.7%)

End stage renal disease 214/441 798 (0.05%) 176/131 558 (0.13%) 38/310 240 (0.01%)

Liver disease 6675/441 798 (1.5%) 3152/131 558 (2.4%) 3523/310 240 (1.1%)

Any malignancy 31 386/441 798 (7.1%) 14 274/131 558 (10.8%) 17 112/310 240 (5.5%)

Pre-existing cardiovascular disease

Ischaemic heart disease 96 250/131 558 (73.2%)

Prior myocardial infarction 13 445/131 558 (10.2%)

Prior stroke 45 252/131 558 (34.4%)

Heart failure 36 308/131 558 (27.6%)

Pre-existing non-cardiovascular disease

Peptic ulcer disease 237 844/441 798 (53.8%) 89 243/131 558 (67.8%) 148 601/310 240 (47.9%)

Rheumatic disease 49 990/441 798 (11.3%) 21 567/131 558 (16.4%) 28 423/310 240 (9.2%)

Diabetes with chronic complication 42 002/441 798 (9.5%) 24 603/131 558 (18.7%) 17 399/310 240 (5.6%)

Hemiplegia or paraplegia 5465/441 798 (1.2%) 4 586/131 558 (3.5%) 879/310 240 (0.3%)

Renal disease 6141/441 798 (1.4%) 4 009/131 558 (3.0%) 2 132/310 240 (0.7%)

Mild liver disease 168 082/441 798 (38.0%) 68 590/131 558 (52.1%) 99 492/310 240 (32.1%)

Moderate or severe liver disease 6675/441 798 (1.5%) 3 167/131 558 (2.4%) 3 508/310 240 (1.1%)

Any malignancy 31 386/441 798 (7.1%) 14 310/131 558 (10.9%) 17 076/310 240 (5.5%)

Metastatic solid tumour 4339/441 798 (1.0%) 1 941/131 558 (1.5%) 2 398/310 240 (0.8%)

Dementia 10 181/441 798 (2.3%) 7 680/131 558 (5.8%) 2 501/310 240 (0.8%)

HIV/AIDS 1/441 798 (0.0%) 1/131 558 (0.0%) 0/310 240 (0.0%)

Medication use

Aspirin 52 788/441 798 (11.9%) 35 399/131 558 (26.8%) 17 389/310 240 (5.6%)

Antihypertensive agents 119 687/441 798 (27.1%) 64 615/131 558 (48.9%) 55 072/310 240 (17.8%)

Statin 38 698/441 798 (8.8%) 24 954/131 558 (18.9%) 13 744/310 240 (4.4%)

Laboratory findings

Total cholesterol (mg/dL) 199.6 ± 38.0 (441 649) 194.5 ± 39.5 (131 500) 201.8 ± 37.2 (310 149)

Triglyceride (mg/dL) 140.0 ± 90.9 (441 288) 142.7 ± 89.1 (131 365) 138.9 ± 91.7 (309 923)

HDL cholesterol (mg/dL) 55.0 ± 28.8 (441 651) 53.9 ± 29.5 (131 504) 55.5 ± 28.5 (310 147)

LDL cholesterol (mg/dL) 118.3 ± 37.8 (439 080) 113.8 ± 38.6 (130 678) 120.2 ± 37.2 (308 402)

Fasting blood glucose (mg/dL) 101.6 ± 26.0 (441 694) 104.4 ± 28.6 (131 517) 100.4 ± 24.7 (310 177)

Serum creatinine (mg/dL) 1.1 ± 1.3 (441 667) 1.1 ± 1.2 (131 509) 1.1 ± 1.3 (310 158)

HDL, high-density lipoprotein; HIV/AIDS, human immunodeficiency virus infection and acquired immune deficiency syndrome; LDL, low-density lipoprotein; MET, metabolic

equivalent of task.
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.without CVD (Table 2 and Supplementary material online, Figure S1).

The median physical activity level was 520 and 540 MET-min/week in

the secondary and primary prevention groups, respectively. This dif-

ference was statistically significant (P<0.001) although the effect size

was small (Cohen’s d=0.016). The proportion of subjects who were

totally sedentary was higher in the secondary prevention group than

in the primary prevention group (27.2% and 24.4%, respectively,

P<0.001), while 49.5% and 48.2% failed to achieve the recom-

mended physical activity level of >_500 MET-min/week in each group

(P<0.001).

Supplementary material online, Table S2 compares the differences

in the baseline characteristics according to physical activity levels.

Advanced age, male sex, and a high income were associated with a

higher physical activity level. Comorbidities such as hypertension, dia-

betes, and dyslipidaemia were associated with a higher physical activ-

ity level, while current smoking was associated with a lower physical

activity level. The pattern was similar when the study subjects were

stratified according to the presence of CVD (Supplementary material

online, Tables S3 and S4). Cardiovascular medication usage and

adherence were higher among those with greater physical activity.

Among the secondary prevention group, the presence of HF was

associated with lower physical activity levels.

The amount of physical activity of the study population increased

during the study duration (Supplementary material online, Figure S2).

Moreover, a significant number of study subjects changed their

amount of physical activity during the study duration and became ei-

ther more active or less active (Supplementary material online, Figure

S3). The use of medications also increased over time (Supplementary

material online, Table S5). While the use of statins showed a remark-

able increase over time, the use of aspirin was unchanged.

Impact of physical activity on mortality
The median follow-up duration was 5.9 years. Figure 1 shows the inci-

dence rate of mortality per 1000 person-years stratified by the pres-

ence of CVD and the level of physical activity. Overall, CVD was

associated with a significantly increased risk of mortality (HR, 2.57;

95% CI, 2.49–2.65; P<0.001) (Supplementary material online, Figures

S4 and S5). As also shown in Table 3, the unadjusted risk of all-cause

....................................................................................................................................................................................................................

Table 2 Leisure-time physical activity of subjects with and without cardiovascular disease

Physical activity Total (n5 441 798) Cardiovascular

disease (n5 131 558)

No cardiovascular

disease (n5 310 240)

P-value

Median (interquartile ranges) 540 (0–980) 520 (0–980) 540 (87–980) <0.001

Classification <0.001

>_1500 MET-min/week 8.8% (38 820) 9.1% (11 938) 8.7% (26 882)

1000–1499 MET-min/week 13.3% (58 977) 12.4% (16 373) 13.7% (42 604)

500–999 MET-min/week 29.3% (129 458) 29.0% (38 091) 29.5% (91 367)

<500 MET-min/week 23.3% (102 986) 22.4% (29 434) 23.7% (73 552)

Totally sedentary 25.3% (111 557) 27.2% (35 722) 24.4% (75 835)

MET, metabolic equivalent of task.

Figure 1 Incidence rate of mortality per 1000 person-years according to physical activity level stratified by cardiovascular disease. Numbers in the

box plot indicate incidence rates per 1000 person-years. Error bars indicate 95% confidence intervals.

3550 S.-W. Jeong et al.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/e
u
rh

e
a
rtj/a

rtic
le

/4
0
/4

3
/3

5
4
7
/5

5
5
2
5
4
6
 b

y
 g

u
e
s
t o

n
 2

0
 A

u
g
u
s
t 2

0
2
2

https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz564#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz564#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz564#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz564#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz564#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz564#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz564#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz564#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz564#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz564#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz564#supplementary-data


.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

mortality showed a J-shaped relationship with the amount of physical

activity. Mortality risk was highest with a totally sedentary lifestyle

and lowest with a physical activity level of 1000–1499MET-min/week

regardless of CVD. A higher level of physical activity (>_1500 MET-

min/week) was associated with a significantly higher risk of mortality

than the trough.

Figure 2 shows the multivariable-adjusted risk of mortality (fitted

spline curve is shown in the Take home figure). After statistical adjust-

ment, physical activity and mortality exhibited an inverse relationship

(Table 3). The difference in the risk of mortality between a physical

activity level of >_1500 MET-min/week and 1000–1499 MET-min/

week mostly disappeared. A 500 MET-min/week increase in physical

activity was associated with a 14% and 7% risk reduction in mortality

in the secondary and primary prevention groups, respectively (inter-

action P<0.001).

The relationship between physical activity and mortality showed

different patterns between the primary and secondary prevention

groups (Take home figure). Among the healthy subjects without CVD,

the slope was the steepest between 0 and 499 MET-min/week,

tended to flatten above 500 MET-min/week, and was essentially flat

above 1000 MET-min/week. Although the mortality risk further

reduced with a higher physical activity level, the benefit of increased

physical activity was small beyond 500 MET-min/week. Among the

participants with CVD, the benefit was also the greatest between 0

....................................... ....................................... ..........................................

....................................................................................................................................................................................................................

Table 3 Leisure-time physical activity and the risk of mortality stratified by the presence of cardiovascular disease

Amount of leisure-time

physical activity

10-year event

rate (%)

Unadjusted Age, sex adjusted Multivariable adjusteda

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Cardiovascular disease

Totally sedentary 18.0 3.81 (3.51–4.13) <0.001 2.18 (2.01–2.36) <0.001 1.87 (1.72–2.04) <0.001

<500 MET-min/week 10.6 2.25 (2.06–2.46) <0.001 1.60 (1.47–1.75) <0.001 1.45 (1.32–1.58) <0.001

500–999 MET-min/week 10.6 2.25 (2.07–2.45) <0.001 1.47 (1.35–1.60) <0.001 1.37 (1.26–1.50) <0.001

1000–1499 MET-min/week 7.4 1.58 (1.42–1.76) <0.001 1.19 (1.07–1.32) 0.002 1.14 (1.02–1.27) 0.018

>_1500 MET-min/week 9.0 1.92 (1.72–2.14) <0.001 1.19 (1.06–1.33) 0.002 1.14 (1.02–1.28) 0.019

No cardiovascular disease

Totally sedentary 6.4 1.35 (1.24–1.46) <0.001 1.41 (1.30–1.53) <0.001 1.27 (1.17–1.39) <0.001

<500 MET-min/week 4.0 0.84 (0.77–0.91) <0.001 1.13 (1.04–1.24) 0.006 1.08 (0.99–1.18) 0.099

500–999 MET-min/week 4.4 0.93 (0.85–1.01) 0.078 1.06 (0.98–1.16) 0.155 1.02 (0.94–1.11) 0.671

1000–1499 MET-min/week 3.8 0.80 (0.72–0.88) <0.001 1.03 (0.93–1.13) 0.613 1.01 (0.91–1.11) 0.913

>_1500 MET-min/week 4.7 Reference — Reference — Reference —

CI, confidence interval; HR, hazard ratio; MET, metabolic equivalent of task.
aMultivariable-adjusted model was adjusted for age, sex, income levels, residential area (urban or non-urban), body mass index, hypertension, diabetes mellitus, dyslipidaemia,

smoke, renal disease, end-stage renal disease, liver disease, malignancy, fasting blood sugar, creatinine, aspirin, statin use, and antihypertensive medication.

Figure 2 Distribution and adjusted risk of mortality according to physical activity levels stratified by cardiovascular disease. Cox regression analysis

with physical activity classified as a categorical variable: 0 (totally sedentary), <500, 500 to 999, 1000 to 1499, and >_1500 MET-min/week. The

statistical models were adjusted for age, sex, income level, body mass index, hypertension, diabetes mellitus, dyslipidaemia, smoking, renal disease,

end-stage renal disease, liver disease, any malignancy, fasting blood sugar, and serum creatinine levels. The red and blue lines indicate hazard ratios for

subjects with and without CVD, respectively. Bar graph indicates the number of study subjects in each category.
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and 499 MET-min/week. However, the dose-response relationship

extended beyond 500 to 1000 MET-min/week. The mortality risk of

participants with CVD who performed physical activity >_1000 MET-

min/week (1000–1499 and >_1500 MET-min/week) was significantly

lower than that in participants who were free from CVD but were

totally sedentary (P=0.008 and 0.010, respectively).

Supplementary material online, Tables S6 and S7 show the un-

adjusted and adjusted risk of cardiac and non-cardiac death according

to the level of physical activity. The overall pattern was similar to that

of all-cause mortality except that CVD was associated with a signifi-

cantly elevated risk of cardiac death despite a high level of physical ac-

tivity. The benefit of physical activity in the secondary prevention

group was consistent irrespective of the specific type of CVD

(Supplementary material online, Table S8).

Sensitivity analysis found no significant interactions between sex

and the amount of physical activity both in the CVD and in the no

CVD groups (interaction P=0.178 and 0.087, respectively)

(Supplementary material online, Figures S6 and S7). Subjects without

CVD were further divided according to the expected 10-year risk of

fatal CVD (Figure 3).While the mortality risk was higher with increas-

ing expected cardiovascular risk, the survival benefit of physical activ-

ity was also greater among those with higher expected

cardiovascular risk. Analysis using pooled cohort equations showed

similar patterns (Supplementary material online, Figure S8).

Figure 3 Non-linear relationship between physical activity and mortality risk according to the presence of cardiovascular disease and expected

10-year risk of fatal cardiovascular disease. Restricted cubic spline curves were constructed with regard to physical activity treated as a continuous

variable. Adjusted hazard ratio and 95% confidence intervals are illustrated. The red, orange, green, and blue lines and shades indicate subjects with

cardiovascular disease and subjects without cardiovascular disease who have an estimated 10-year risk of fatal cardiovascular disease >_10%, 5–10%,

and <5%, respectively.

Take home figure Non-linear relationship between physical activity and mortality risk according to the presence of cardiovascular disease.

Restricted cubic spline curves were constructed with regard to physical activity treated as a continuous variable. The red and blue lines and shades in-

dicate adjusted hazard ratio and 95% confidence intervals for subjects with and without cardiovascular disease, respectively.
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Discussion

Physical activity refers to any bodily movement produced by the skel-

etal muscles that requires energy expenditure.25 A previous study

estimated that physical inactivity causes 9% of premature mortality

worldwide, and that elimination of this unhealthy behaviour would

lead to an increase in the life expectancy of the world’s population by

0.68 years.26 Contemporary guidelines emphasize that physical activ-

ity can make people feel better, function better, sleep better, and re-

duce the risk of many chronic diseases.6 The suggested public target

range of physical activity is 500–1000 MET-minutes per week of aer-

obic physical activity, which is equivalent to 150–300min of

moderate-intensity or 75–150min of vigorous-intensity physical ac-

tivity per week. The recommendation is based on observations that

the greatest survival benefit is provided by achieving 500–1000 MET-

min/week of physical activity.2 The findings of the present study agree

with these conclusions.

In this study, we found that approximately half of the study popula-

tion did not reach the recommended level of leisure-time physical ac-

tivity, and one-quarter had a totally sedentary lifestyle. Subjects with

CVD had lower levels of physical activity than did those without

CVD. There was an inverse relationship between the amount of

physical activity and the risk of all-cause mortality. The main novel

finding of this study was that the relationship between physical activ-

ity and mortality showed different patterns in the primary and sec-

ondary cardiovascular prevention settings. While individuals without

CVD had reduced mortality with physical activity as has been previ-

ously documented, the expected survival benefit was even greater

among patients with CVD. In addition, whereas the benefit in the pri-

mary prevention group was mostly confined to the range of 0–499

MET-min/week, the advantage in the secondary prevention group

was still present above 500MET-min/week. Interestingly, if an individ-

ual with CVD performed a high level of physical activity, the adjusted

risk of mortality was shown to be similar to or even lower than that

of an individual without CVD.

Previous studies that showed the survival benefits of physical activ-

ity primarily focused on healthy individuals and did not distinguish be-

tween primary and secondary CVD prevention.9–16 Peak exercise

capacity has been shown to be the strongest predictor of survival in

subjects with pre-existing CVD.27 Strong evidence supports

exercise-based cardiac rehabilitation in patients with coronary heart

disease and exercise training in patients with chronic HF.18,28,29

However, recommendations on the level of physical activity for sec-

ondary prevention have been less clear. The European Society of

Cardiology guidelines on stable coronary artery disease encourage

moderate-to-vigorous intensity aerobic exercise training >_3 times a

week for 30min per session.19 Meanwhile, the guideline for stable is-

chaemic heart disease from the American College of Cardiology

Foundation and American Heart Association recommends 30–

60min of moderate-intensity aerobic activity at least 5 days and pref-

erably 7 days per week.30 The latter one states that the recom-

mended level of physical activity was in line with that for healthy

adults.31 In addition, guidelines for other CVDs such as prior MI, prior

stroke, and chronic HF lack specific recommendations. This reflects

the paucity of data for this specific group of patients.

Exercise has been proven to have a variety of cardiovascular bene-

fits. An increase in physical activity has been shown to have beneficial

effects on plasma lipoproteins such as decreased LDL and increased

HDL.32 A meta-analysis showed that resistance training reduces sys-

tolic blood pressure by 6.19mmHg and glycosylated haemoglobin by

0.48%.33 Studies have also proven a reduced production of athero-

genic cytokine and an increase in atheroprotective cytokines,34 de-

pression in platelet aggregation and adhesiveness,35 lower

inflammatory markers,36 and reduced arrhythmogenicity with exer-

cise.37 Evidence also indicates that exercise has a favourable impact

on cardiac remodelling and, thus, improvements in cardiac

performance.38

The present study provides a novel perspective into the prevent-

ive role of physical activity in patients with CVD. As shown in the pre-

sent study, individuals with CVD tend to achieve a lower level of

physical activity. Not only they are typically older with multiple

comorbidities, but their cardiac condition also limits their physical

capacity. However, clinicians should emphasize the importance of a

physically active lifestyle for those patients. They should be encour-

aged to maintain as much physical activity as possible. They may even

expect greater benefits compared to their counterparts without

CVD while performing the same levels of physical activity. A level of

500MET-min/week of physical activity should be considered the min-

imum requirement for patients with CVD. Although physical activity

above 500–1000 MET-min/week would provide little advantage for

healthy people without CVD, this would provide additive benefits for

those with CVD.

Limitations
This study has several limitations. Recall bias is one of the major po-

tential limitations. Information about physical activity relied on self-

report questionnaires administered to the health check-up partici-

pants. These questionnaires surveyed lifestyle behaviours during the

previous 1week. Secondly, various types of physical activity occur

throughout a day for diverse purposes.6 While only leisure-time

physical activity was analysed in this study, occupation, transporta-

tion, and household physical activities also contribute to total daily

physical activity. Third, although we performed rigorous statistical ad-

justment, we cannot exclude the presence of unadjusted confounding

factors. For example, participants with a higher physical activity level

may have had a lower disease burden, better cardiac function, and/or

better cardiorespiratory fitness, which have been shown to predict a

better prognosis.39 In addition, they may have favourable lifestyle

behaviours such as a healthy diet, moderation in alcohol drinking, and

better adherence to medications. Changes in baseline variables over

time such as the amount of physical activity, medication use, and ad-

herence to medications were not adjusted in the analyses. Fourth,

several assumptions were made while calculating the amount of

physical activity. As the questionnaires focused primarily on aerobic

physical activity, information on muscle-strengthening and bone-

strengthening exercises were limited. However, the large sample size

in this study reduces the potential uncertainty and bias. Lastly, be-

cause the presence of CVD was determined using claims data, there

is a possibility of misclassification bias.
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Conclusion

In this study, we found that physical activity provides survival benefits

both in primary and secondary CVD prevention. While individuals

with pre-existing CVD were less likely to be physically active, their

expected benefit from physical activity was greater than that of indi-

viduals without CVD. In addition, the advantage of physical activity in

secondary prevention extended above 500–1000 MET-min/week.

Patients with CVD should be encouraged to avoid a sedentary life-

style and to maintain physically active behaviours for secondary

prevention.

Supplementary material

Supplementary material is available at European Heart Journal online.
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