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What is already known on this topic? 

• Evidence on the association between physical activity and mortality is mainly limited by 

relying on a single measure of physical activity that assumes the stability of physical 

activity during follow-up. 

What this study adds? 

• We observed an inverse, nonlinear dose-response association between long-term physical 

activity obtained from repeated measures from at least two medical examinations for up to 

20 years (median, IQR: 4.8 years, 2.3-9.0) and all-cause and cardiovascular mortality. 

• Achieving the recommended amount or even less than recommended amount of physical 

activity over a long term lowered the risk of all-cause and cardiovascular mortality, 

whereas doing more activity beyond the recommendations was associated with a slight 

further reduction in all-cause mortality risk.   

• The association between physical activity and risk of death was greater in magnitude 

when using repeated measures of physical activity compared with the associations 

between a single baseline measure of physical activity and risk of death.  

How this might influence research, policy, or practice 

• These results provide support and higher certainty of evidence for most of the 

recommendations and good practice statements included in the recently updated WHO 

guidelines and to inform future guidelines.   
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ABSTRACT 

Objectives: Available evidence on the association between physical activity (PA) and 

mortality is limited by relying on a single measure of PA that assumes the stability of PA 

during follow-up. This study aimed to investigate the dose-response associations of long-term 

PA obtained from repeated measures with all-cause and cardiovascular disease (CVD) 

mortality outcomes in Taiwanese adults. 

Methods: We included 210,327 participants, aged ≥18 years, with self-reported leisure-time 

PA at least in two medical examinations (867,968 data points) for up to 20 years (median, 

IQR: 4.8 years, 2.3-9.0). Dose-response relationships were modeled with restricted cubic 

spline functions and Cox regressions hazard ratios (95% confidence intervals) adjusted for 

socioeconomic characteristics, lifestyle behaviors, and chronic conditions.   

Results: During up to 23 years of follow-up (3,655,734 person-years), 10,539 participants 

died, of which 1,919 from CVD. We observed an inverse, nonlinear dose-response association 

between long-term PA and all-cause and CVD mortality. Compared with the referent (0 

metabolic equivalent of task [MET]-h/week), insufficient (0.01-7.49 MET-h/week), 

recommended (7.50-15.00 MET-h/week), and additional (>15 MET-h/week) amounts of PA 

had a lower mortality risk of 0.74 (0.69-0.80), 0.64 (0.60-0.70), and 0.59 (0.54-0.64) for all-

cause mortality and 0.68 (0.60-0.84), 0.56 (0.47-0.67), and 0.56 (0.47-0.68) for CVD 

mortality, respectively. When using only baseline measures of PA, the corresponding 

mortality risk was 0.88 (0.84-0.93), 0.83 (0.78-0.88), and 0.78 (0.73-0.83) for all-cause, and 

0.91 (0.81-1.02), 0.78 (0.68-0.89), and 0.80 (0.70-0.92) for CVD mortality.  

Conclusion: Long-term PA, and even in less than recommended amounts, was associated 

with lower risks of all-cause and CVD mortality. The magnitude of risk reductions was larger 

when modelling repeated measures of PA compared with one measure of PA at baseline. 
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INTRODUCTION 

The 2020 World Health Organization (WHO) guidelines on PA and sedentary behavior have 

provided new evidence-based public health recommendations on the amounts of PA required 

for health benefits (1-3). These recommendations are based on the most up-to-date evidence 

linking PA with health outcomes, such as mortality, cardiovascular disease (CVD), diabetes 

and some cancers. However, the certainty of evidence supporting these recommendations was 

rated as moderate by WHO Guidelines Review Committee because there is still a possibility 

that the ‘true effect’ (i.e., stronger) is substantially different from the estimated effect, and it 

has been recommended that further research on the precise dose-response associations 

between PA and health outcomes is needed (1,2,4).  

  Numerous studies have observed an association between higher levels of PA with 

lower risk of mortality (1-10). However, much of the available evidence is based on a single 

baseline measure of PA in middle-aged and older populations assuming stability of PA during 

the follow-up. Considering that PA changes across life stages (11) and that changes in PA 

affect survival (12-15), repeated measures of PA in younger populations taking into account 

changes over time may provide more robust effect estimates as well as more precise dose-

response association between PA and risk of death (16,17). Also, there is a paucity of data on 

the association between PA taken into account its changes over time with risk of death in non-

Caucasian populations, possibly limiting the generalizability of the current evidence.   

Hence, the purpose of this study was to investigate the dose-response associations of 

long-term leisure-time PA obtained from up to 20 repeated measures with all-cause and CVD 

mortality in a cohort of more than 210,000 Taiwanese adults aged 18 years and older. 

 

METHODS 

Study design and participants 
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This study analyzed data from the Taiwan Mei Jau (MJ) cohort (18). Details of the MJ cohort 

and data collection procedures have been reported elsewhere (18,19). In brief, this is an open 

and dynamic cohort established by the MJ Health Management Institution, a private fee-for-

service company, which offers comprehensive health medical screenings in Taiwan. The cost 

of each health examination was covered by the participants themselves or their employer’s 

health insurance. Standardized protocols included physical examinations, laboratory tests and 

self-administered questionnaires applied to all individuals, following the ISO 9001 for quality 

management. The cohort was established as part of the health screening data management 

process, handled by the MJ Health Research Foundation (www.mjhrf.org), and has enrolled 

more than 600,000 participants all over Taiwan since 1994. Although study participants are 

mostly young and middle-aged adults, some of their offspring, parents or relatives in other 

age strata have also been included in the cohort. In addition, all participants were encouraged 

to repeat the medical examinations every year or when they considered it necessary, and 

around one in two participants had additional medical examinations.  

 For the present analysis, we included 210,327 apparently healthy men and women 

(figure S1), aged 18 years and above, with at least two data points on leisure-time PA between 

1997 and 2016. All participants were free of cancer or CVD at the first medical examination, 

with a follow-up of at least 1 year between the last medical examination and the time when 

their vital status ascertained. Participants in the cohort signed a consent form authorizing MJ 

Health Management Institution to manage the data generated from their medical 

examinations. The present study was approved by the institutional review boards of the MJ 

Health Management Institution, the National Health Research Institutes and at National 

Cheng Kung University.  

 

Leisure-time physical activity assessment 
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The time spent in leisure-time PA was assessed using the MJ PA Questionnaire in 1997 and 

subsequent medical examinations (11,20). Participants were asked to report the intensity, 

frequency, and duration of leisure-time PA during the last month, with several examples of 

activity types given in four intensity categories: light-moderate (e.g., slow walking), moderate 

(e.g., brisk walking), low-vigorous (e.g., jogging), or high-vigorous (e.g., running); a 

metabolic equivalent (MET; 3.5 ml/kg/min) value of 2.5, 4.5, 6.5, and 8.5 was assigned to 

each intensity, respectively. To calculate the total volume of PA (MET-h/week), the MET 

value for the reported intensity was multiplied by the frequency and duration. For participants 

who indicated activities in more than one intensity category, an averaged MET value was 

assigned. Since the PA questionnaire has been slightly modified over the years (table S1), all 

data were harmonized before pooling. To best represent long-term leisure-time PA, we 

calculated the cumulative average (i.e., average of repeated measures) with all available 

assessments (table S2), which reduces random measurement error and minimize within-

person variations over time (17). Long-term leisure-time PA obtained from the cumulative 

average was truncated at 40.00 MET-h/week (99th percentile in the first examination) to 

minimize the influence of outliers. Study participants were also categorized according to 

WHO PA guidelines as follows (1,2); 1) ‘none’ (0 MET-h/week), 2) ‘insufficient’ (0.01-7.49 

MET-h/week), 3) ‘recommended’ (7.50-15.00 MET-h/week, equivalent to 150-300 min/week 

in moderate-intensity or 75-150 min/week in vigorous intensity), and 4) ‘additional’ (>15.00 

MET-h/week, equivalent to >300 min/week in moderate-intensity or >150 min/week in 

vigorous-intensity).  

 

Covariates 

 Information on covariates were assessed in each medical examination. Participants 

reported their age, educational attainment, and marital status during the interview. Smoking, 
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alcohol intake and occupational PA based on standard questions was also self-reported. An 

optimal regular meal pattern (21) was defined as an affirmative answer to the following 

question: “Do you eat on time and in regular amounts?”; this question was shown to predict 

lower risk of biological cardiometabolic risk factors such as obesity, hypercholesterolemia, 

atherogenic dyslipidemia, metabolic syndrome, and type 2 diabetes (20). During the clinical 

examination, body weight and height were measured without shoes and wearing light indoor 

clothing, and body mass index was calculated as weight in kg divided by squared height in m. 

Hypertension was identified from the medical history or as systolic/diastolic blood pressure 

≥140/≥90 mm Hg (22). Dyslipidemia was defined according to the National Cholesterol 

Education Program Adult Treatment Panel (ATP) III criteria as total cholesterol ≥240 mg/dl, 

low-density lipoprotein cholesterol ≥160 mg/dl, high-density lipoprotein cholesterol <40 

mg/dl, or use of lipid-lowering drugs (24). Diabetes was defined as diagnosed diabetes or 

fasting blood glucose ≥126 mg/dl. A standard 12-lead 5-min resting electrocardiogram test 

was performed to detect abnormal heart rate (e.g., arrhythmia).  

 

Outcomes  

Deaths were identified through follow-up linkage to Taiwan’s National Death File registry 

until May 31, 2020. We used the International Classification of Diseases, 9th Revision (ICD-

9), and International Classification of Diseases, 10th Revision (ICD-10) codes to classify the 

underlying causes of death. The primary health outcomes for the present study were all-cause 

and CVD mortality (ICD-9, 390-405, 410-414, and 420-440; ICD-10, I01-I02, I05-I15, I20-

I25, I27, and I30-I70), since these are the most critical mortality outcomes prioritized by the 

WHO PA guidelines advisory group (1,4).  

 

Statistical analysis 
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We calculated the follow-up person years from the date of the first examination and 

the date of death or the end of follow-up (May 31, 2020), whichever came first. A time-

varying covariate Cox proportional hazards regression model, with age as the underlying time 

scale, were used to calculate adjusted hazard ratios (HRs) and 95% CIs for long-term leisure-

time PA and each study outcome. To examine the dose-response relationship between long-

term leisure-time PA and all-cause and CVD mortality, we modelled curves from restricted 

cubic spline Cox regressions, with 4 knots (5th, 35th, 65th, 95th) distributed across the range of 

MET-h/week values. HRs and 95% CIs for all-cause and CVD mortality associated with long-

term leisure-time PA categories (with none as the reference category) were calculated for the 

total sample and by subgroups according to age, gender, obesity (≥25 kg/m2 for this Asian 

population) and cardiometabolic chronic conditions (hypertension, dyslipidemia, and 

diabetes); the likelihood ratio test was used to compare the model with and without the 

interaction term. To examine the extent to which the dose-response associations differed 

using the baseline leisure-time PA measurement compared with the repeated measures, long-

term modelling, we also calculated the HRs and 95%CIs of leisure-time PA at baseline with 

all-cause and CVD mortality.  

All analyses were adjusted for the following covariates at baseline and updated at each 

medical examination; sex (male, female), educational attainment (middle school or below, 

high school, junior school, college or above), marital status (married or living with partner, 

single or widowed), smoking (never, former, current), alcohol consumption (never, former, 

current), regular meal patterns (suboptimal, optimal), occupational PA (sedentary, sedentary 

with occasional standing/walking, standing or walking, heavy labor), body mass index (<18.5, 

18.5-22.9, 23.0-24.9, 25.0-26.9, 27.0-29.9, >30.0 kg/m2), cancer (yes, no), cardiovascular 

disease (yes, no), hypertension (yes, no), dyslipidemia (yes, no), diabetes (yes, no), 

electrocardiogram (abnormal, normal). If necessary, we included an indicator for missing data 
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in the regression models at baseline, although the most missing information for any covariate 

was 5%. To minimize missing values on covariates during follow-up, missing variables were 

replaced with the last value carried forward.  

To minimize reverse causation and rule out preexisting subclinical disease, we 

repeated the analysis after excluding (i) former/current smoker participants, (ii) incident 

physician-diagnosed cancer or CVD reported in subsequent medical examinations, and (iii) 

those who died in the first 4 years of follow-up since the last medical examination. Finally, in 

sensitivity analyses, we examined the main associations by calculating the cumulative average 

by 1) weighting more the first measure obtained before the outcome (i.e., the baseline 

examination) 2) weighting more the most recent medical examination before the outcome (i.e. 

the last examination), or; 3) using the last measure obtained (also called simple update) 

(17,24). We tested the proportional-hazards assumption by modeling the interaction of 

follow-up time with leisure-time PA and observed no significant deviations. Analyses were 

conducted with the use of STATA software, version 14.1. Statistical tests were two-sided with 

alpha set at 0.05. 

 

Patient and public involvement 

No patients were directly involved in designing the research question or in conducting 

the research. No patients were asked for advice on interpretation or writing up of the results. 

There were no plans to involve patients or the relevant patient community in the 

dissemination of study findings currently. 

 

RESULTS 

We included 210,327 participants (50.6% female), aged 18 to 97 years (mean age; 38.6 years; 

SD, 12.1) (table S3), providing 867,968 data points (98.5% from 881,340 repeated measures 
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included in the present analysis) between 1997 and 2016 (median, IQR: 4.8 years, 2.3-9.0) for 

estimating long-term leisure-time PA (table S4).  The median of long-term leisure-time PA 

was 3.8 (IQR, 1.3-9.0) MET-h/week, and the prevalence of participants with none, 

insufficient, recommended, and additional amounts of leisure-time PA was 6.7%, 62.7%, 

19.0% and 11.6%, respectively. Overall, participants with more medical examinations had 

similar characteristics at baseline than participants with more examinations during the follow-

up (table S5). Table 1 shows the characteristics of the total sample, by long-term leisure-time 

PA categories.  

During up to 23 years of follow-up (total person-years, 3,655,734) 10,539 participants 

died, 1,919 from CVD. We observed an inverse, nonlinear dose-response association between 

long-term leisure-time PA and all-cause and CVD mortality (figure 1). The shape of the dose-

response association curves for all-cause and CVD mortality showed a pronounced risk 

reduction at about 5-10 MET-h/week, with a risk reduction greater in magnitude for CVD 

deaths. At higher levels of leisure-time PA, a linear lower risk was observed, being slightly 

more decrescent for all-cause mortality.  

Compared with the referent (i.e., no leisure-time PA), insufficient, recommended, and 

additional amounts of leisure-time PA were associated with lower all-cause and CVD 

mortality risk (figure 2, table S6). The risk reductions were 26%, 36% and 41% for all-cause 

mortality by increasing categories of leisure-time PA, as compared with no leisure-time PA; 

the corresponding risk reductions for CVD mortality were 32%, 44% and 44% for 

insufficient, recommended, and additional amounts of leisure-time PA, respectively. Doing 

additional leisure-time PA appeared associated with a somewhat further reduced risk for all-

cause mortality but not for CVD mortality. The risk reductions of doing insufficient amounts 

of leisure-time PA were substantial, and even doing about half of the recommended amount 

was associated with a markedly reduced risk compared with doing no leisure-time PA (table 
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S7). Without exceptions, the associations between long-term leisure-time PA with all-cause 

and CVD mortality were consistent (P for interactions> 0.1 for all) when stratified by age and 

sex, and among participants with obesity and cardiometabolic health conditions (table 2).  

Leisure-time PA at baseline (first examination) showed a similar shape of distribution 

to long-term data, but with an important difference in frequency density (figure 3). The 

association between leisure-time PA and risk of death was greater in magnitude (19-32% and 

34-43% lower risk for any cause and CVD deaths, respectively) when using repeated 

measures of PA compared with the associations between baseline PA (single point) and risk 

of death (figure 4, table S8).  

Sensitivity analyses suggested that our results were attenuated by only a small amount 

after accounting for reverse causation when excluding smokers, those with underlying 

diseases, and early deaths within 4 years (table S9). Also, we found similar associations using 

different methods of calculating the cumulative average. However, when modelling a single 

measure of PA in the last examination, the associations with mortality outcomes were greater 

in magnitude than those previously observed when modeling PA at baseline as the single 

measure exposure (table S10).   

 

DISCUSSION 

Findings into context 

In this large Taiwanese cohort of more than 210 000 participants, long-term leisure-time PA 

calculated from up to 20 repeated measures showed a clear nonlinear dose-response 

association with long-term all-cause and CVD mortality. Participating in leisure-time PA less 

than the recommended levels (i.e., <7.5 MET-h/week) reduced total and CVD mortality risk 

by around 30% compared with the inactive referent. Recommended amounts of leisure-time 

PA were associated with reductions in all-cause and CVD mortality risks of 36% and 44%, 
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respectively. Engagement in additional amounts of leisure-time PA than those recommended 

was also associated with a lower risk of 41% and 44% for deaths from all causes and CVD 

mortality, respectively, and almost similar in magnitude when compared with the mortality 

risk reductions observed in those doing the recommended amounts.   

Conceivably, to date, the most comprehensive work exploring the dose-response 

association between PA and mortality was the pooled analysis conducted by Arem et al. (8) 

including 661,137 participants (median age 62 years) from 6 population-based prospective 

cohorts, and they found that compared to no leisure-time PA (0 MET-h/week), the HR 

(95%CI) was 20%, 31%, 37%, 39%, 39% and 31% for amounts of 0.1 to <7.5, 7.5 to <15.0, 

15.0 to <22.5, 22.5 to <40.0, 40.0 to <75.0, and ≥75.0 MET-h/week, respectively. Other large 

cohort studies and pooled analyses have also examined dose-response associations between 

PA and mortality, but the differences in reference and comparison groups have made 

comparisons difficult. For example, Lear et al. (9) in the Prospective Urban Rural 

Epidemiologic study examined whether total PA (including leisure-time and other domains), 

was associated with lower risk of mortality in 130,843 participants (mean age 50 years) from 

17 high-, middle-, and low-income countries, and compared to not meeting the recommended 

amount of PA, those doing between 1 to 5 times the recommended amount, and more than 5 

times the recommended amount, the HR (95%CI) mortality risk reduction was 20% and 35%, 

respectively. In a pooled analysis of 467,729 East Asian adults (mean age 55 years) (10), 

compared with those who reported no or almost no leisure-time PA, there was a 14-15% 

reducing risk of all-cause mortality among those with higher amounts of leisure-time PA. 

Wen et al. (11) including 416,175 individuals (mean age 42 years) from this Taiwan MJ 

cohort showed that compared with those doing <3.75 MET-h/week, the HR (95%CI) was 

0.86 for 3.75-7.49 MET-h/week, 0.80 for 7.50-16.49 MET-h/week, 0.71 for 16.50-25.49 

MET-h/week and 0.65 for ≥25.50 MET-h/week.  
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All these previous studies, however, examined associations with mortality risk using a 

single data point of PA assessed at baseline, whereas we used repeated measures of the 

exposure which likely provides more robust estimates and consider changes in PA behavior 

over time. The Nurses’ Health Study I and II and the Health Professionals Follow-up Study 

included updated information on leisure-time PA every 2 years, allowing for modelling long-

term PA, and some work with these cohorts has shown the associations of long-term PA on 

mortality outcomes (17,25-29). Among women from the Nurses’ Health Study I, the all-cause 

relative risks (RR) (95%CI) were 0.82 (0.76-0.89), 0.75 (0.69-0.81), 0.74 (0.68-0.81), and 

0.71 (0.61-0.82) for amounts of <1 h/week, 1-1.9 h/week, 2-3.9 h/week, 4-6.9 h/week and ≥7 

h/week in leisure-time PA, respectively; corresponding estimates for cardiovascular mortality 

were 0.80 (0.68-0.96) 0.74 (0.62-0.88) 0.62 (0.50-0.77) 0.69 (0.49-0.97). Among diabetic 

men from the Health Professionals Follow-up Study the RR risks for all-cause mortality 

across fifths of leisure-time PA were 1.0, 0.80, 0.57, 0.58, and 0.58. Overall, these studies 

found strong inverse dose-response associations, but comparisons with the present study 

should be interpreted with caution owing to differences in cohort designs, and the specific 

characteristics in these cohorts (e.g., selected populations, high socioeconomic status, 

Caucasian) (17,25-29). However, these previous studies and our present work that have 

included repeated measures suggest that the association between PA and mortality are bigger 

than most of the evidence has shown to date using on a single self-reported measure of PA 

(16).  

 

Possible explanations of our results 

PA promotes acute physiological responses by activating a number of molecular 

pathways in whole organ systems and thereby reducing the risk of developing chronic 

diseases such as CVD, cancer, and others aging-related diseases that poorer survival outcomes 
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(29-32). PA assessed with repeated measures likely better captures the effect of exercise 

adaptations on health since we found stronger associations between PA and from repeated 

measures of PA compared with one single measure assessed at baseline. This might explain 

the large effect size observed for the association between long-term PA and CVD mortality 

and other CVD-related mortality outcomes because the benefits of regular PA for the 

cardiovascular system seems to be more pronounced than for other organ systems (29,30). 

The stronger association observed compared with studies using a single measure of PA may 

also be a result of the reduction in random measurement errors, which bias associations 

towards the null.  

 

Public health and research implications  

 Our results provide additional support for PA guidelines suggesting that any PA is 

better than none (i.e., ‘every move counts’), and are in agreement with previous observations 

suggesting a marked risk reduction even if not meeting the current recommendations 

compared with those doing no PA (1,2). We also found that doing additional amounts of 

leisure-time PA beyond the recommended levels provides small but significant additional 

reductions in mortality risks; this supports the recommendation that doing more than 300 min 

at moderate-intensity or 150 min at vigorous intensity has small but additional health benefits 

(i.e., reduces mortality risk), and consequently is considered a conditional recommendation 

(i.e., the balance of benefits to harms is small).   

Although randomized controlled trials are the ‘gold standard’ research design to 

provide the highest levels of certainty in evidence, trials are most feasibly conducted in ideal 

and often unrealistic conditions with highly-motivated and homogenous participants, which 

provide results with high internal validity but limited external validity. In addition, trials that 

aim to examine mortality as the primary outcome require inclusion of at least 3 arms to 
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explore a dose-response and an unrealistic effort to maintain compliance in a supervised 

weekly training over many years (34). Consequently, large scale observational studies 

including repeated measures, such as the present study, are important for confirming current 

PA guidelines and providing new data to inform future guidelines.  

 

Strengths and limitations 

Limitations of this work should be considered. First, we relied on self-reported PA 

measures. Although repeated measures minimize measurement error and within-individual 

variability over time, the PA questionnaire was slightly modified over time and some issues 

that usually reduce the validity of self-report (e.g., misclassifications, social desirability, and 

recall bias, etc.) remain. Second, selection bias might be also introduced since according our 

study design participants had a different number of medical examinations (e.g., the healthy 

participant effect); however, our analyses showed that participants with fewer medical 

examinations had similar patterns of leisure-time PA over time and comparable socio-

demographic characteristics, lifestyle behaviors and health risk factors at baseline as those 

participants with more medical examinations. These potential reporting and selection biases 

would likely have led to an underestimation of the observed dose-response effect sizes of PA 

on mortality outcomes in the present study. Third, although the analyses were adjusted for key 

confounders, the potential for residual confounding remains due to unmeasured confounders 

and the very low-resolution measurement of some confounders (e.g., diet and alcohol). 

Fourth, this was an observational study that neither can demonstrate causality, nor rule out 

effects of unmeasured or residual confounding; however, our sensitivity analyses confirmed 

our main findings.   

On the other hand, we only examined leisure-time PA, therefore, we could not 

evaluate associations with total PA and/or other domain-specific PA (i.e., transportation, 
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work, household). Also, information on sedentary behaviors was not collected in this cohort 

and therefore potential moderating effects on these results could not be investigated (5,35). 

Future research using repeated objective measures, such as accelerometers, might be critical 

to providing evidence on dose-response association of PA on health outcomes (36). Finally, 

despite that the MJ cohort may be the most representative of the general population of Taiwan 

to date, the final analytic sample may not be representative since our sample comprised of 

participants with additional medical examinations, who tend to be from higher socioeconomic 

background.  

 

CONCLUSIONS 

Based on a large Taiwanese cohort of relatively young adults, we found non-linear, inverse 

dose-response associations between repeated measures of leisure-time PA and all-cause and 

CVD mortality, and the magnitude of risk reductions, mainly for CVD deaths, were larger 

than when considering only one measure of PA at baseline. Doing some PA, even less than 

the currently recommended levels, was associated with substantially lower mortality risk 

compared with the inactive referent. Doing the recommended and additional amounts of 

leisure-time PA over a long-term was associated with even further risk reductions. Hence, 

these findings provide more certain evidence for most of the recommendations and good 

practice statements included in the recent WHO PA guidelines.  
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FIGURE LEGENDS 

Figure 1. Dose-response associations between long-term leisure-time physical activity with 

total and cardiovascular mortality in 210,327 adults. Long-term leisure-time physical activity 

was calculated as the cumulative average with between 2 and 20 repeated measures from 

1997 to 2016 and truncated to 40.00 MET-h/week. A total of 10539 participants died, 1919 

from cardiovascular disease. Analyses were adjusted for age (time scale), sex, educational 

level, marital status, smoking, alcohol consumption, body mass index groups, occupational 

physical activity, regular meal patterns, cancer, cardiovascular diseases, diabetes, 

hypertension, dyslipidemia, and electrocardiogram. 

 

Figure 2. Associations between long-term leisure-time physical activity categories with total 

and cardiovascular mortality in 210,327 adults. Long-term leisure-time physical activity was 

calculated as the cumulative average (see methods section) with between 2 and 20 repeated 

measures from 1997 to 2016. Insufficient: 0.01-7.49 MET-h/week. Recommended: 7.50-

15.00 MET-h/week. Additional: >15.00 MET-h/week. Analyses were adjusted for age (time 

scale), sex, educational level, marital status, smoking, alcohol consumption, body mass index 

groups, occupational physical activity, regular meal patterns, diabetes, hypertension, 

dyslipidemia, and electrocardiogram. n for each increasing category is 14042, 131838, 40065, 

and 24382.  Deaths for all/cardiovascular cases for each increasing category are 930/178, 

5148/896, 2617/476, and 1844/369. 
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Figure 3. Descriptive data on leisure-time physical activity at baseline (first examination, 

blue) and long-term (cumulative average, red) in the present study. IQR: interquartile range, 

25th-75th. Baseline leisure-time physical activity was also truncated to 40.00 MET-h/week 

(99th percentile of distribution) for this analysis. 

 

Figure 4. Dose-response associations between long-term (red) and baseline (blue) leisure-time 

physical activity with total and cardiovascular mortality in 210,327 adults. Long-term leisure-

time physical activity was calculated as the cumulative average (see methods section) with 

between 2 and 20 repeated measures from 1997 to 2016 and truncated to 40.00 MET-h/week. 

A total of 10539 participants died, 1919 from cardiovascular disease. Values are hazard ratios 

and 95% confidence interval lines were removed for simplicity purposes. Analyses were 

adjusted for age (time scale), sex, educational level, marital status, smoking, alcohol 

consumption, body mass index groups, occupational physical activity, regular meal patterns, 

cancer, cardiovascular diseases, diabetes, hypertension, dyslipidemia, and electrocardiogram. 

 

 



Table 1. Study population characteristics at baseline by categories of long-term leisure-time 
physical activity 
 

 
Values are n (%). Insufficient: 0.01-7.49 MET-h/week. Recommended: 7.50-15.00 MET-h/week. Additional: 
>15.00 MET-h/week. Long-term leisure-time physical activity was calculated as the cumulative average (see 
methods section) using 2 to 20 repeated measures from 1997 to 2016.  

 None Insufficient Recommended Additional 
n 14042 131838 40065 24382 
Sex     

Male 6373 (45.4) 59119 (44.8) 22405 (55.9) 15956 (65.4) 
Female 7669 (54.6) 72719 (55.2) 17660 (44.1) 8426 (34.6) 

Age groups     
18-39 years 9546 (68.0) 90518 (68.7) 19636 (49.0) 9411 (38.6) 
40-64 years 4097 (29.2) 38363 (29.1) 18062 (45.1) 13030 (53.4) 
65 years and above 399 (2.8) 2957 (2.2) 2367 (5.9) 1941 (8.0) 

Educational attainment      
Middle school or below 2008 (14.3) 12901 (9.8) 5989 (15.0) 4192 (17.2) 
High school 873 (6.2) 5721 (4.3) 2470 (6.2) 1903 (7.8) 
Junior school 6853 (48.8) 61335 (46.5) 16506 (41.2) 96745 (40.0) 
College or above 4164 (29.7) 50717 (38.5) 14714 (36.7) 8241 (33.8) 

Marital status     
Married or living with partner  8830 (62.9)  81184 (61.6) 27018 (67.4) 17169 (70.4) 
Single or widowed  4853 (34.5) 47192 (35.8) 12056 (30.1) 6581 (27.0) 

Smoking status     
Never 9355 (66.6) 95120 (72.2) 28274 (70.6) 16516 (67.7) 
Former 701 (5.0) 6560 (5.0) 2614 (6.5) 2163 (8.9) 
Current  3401 (24.2) 25993 (19.7) 7632(19.1) 4856 (19.9) 

Alcohol consumption     
Never 10973 (78.1) 106222 (80.6) 30232 (75.5) 17185 (70.5) 
Former 336 (2.4) 2573 (2.0) 950 (2.4) 769 (3.2) 
Current  1911 (13.6) 16880 (12.8) 6608 (16.5) 5062 (20.8) 

Regular meal patterns     
Suboptimal 6760 (48.1) 54417 (41.3) 12487 (31.2) 6936 (28.5) 
Optimal  6724 (47.9) 73815 (56.0) 26216 (65.4) 16670 (68.4) 

Occupational physical activity     
Sedentary  7378 (52.5) 80257 (60.7) 24021 (60.2) 13383 (54.9) 
Sedentary with occasional walking 3950 (28.1) 35981 (27.3) 10943 (27.3) 6626 (27.2) 
Standing or walking  1780 (12.7) 10846 (8.2) 3249 (8.1) 2681 (11.0) 
Heavy labor 572 (4.1) 2444 (1.8) 700 (1.8) 748 (3.1) 

Body mass index     
< 25 kg/m2 10576 (75.3) 101927 (77.3) 28981 (72.3) 17103 (70.2) 
≥ 25 kg/m2 3462 (24.7) 29877 (22.7) 11075 (27.6) 7277 (29.9) 

Hypertension     
   No 12279 (87.4) 116971 (88.7) 32561 (81.3) 18986 (77.9) 
   Yes 1763 (12.6) 14867 (11.3) 7504 (18.7) 5396 (22.1) 
Dyslipidemia     

No 7876 (56.1) 79801 (60.5) 22536 (56.3) 14072 (57.7) 
Yes 6166 (43.9) 52037 (39.5) 17529 (43.8) 10310 (42.3) 

Diabetes     
No 13601 (96.9) 128066 (97.1) 38222 (95.4) 23016 (94.4) 
Yes 441 (3.1) 3772 (2.9) 1843 (4.6) 1366 (5.6) 

Electrocardiogram     
  Normal  11471 (81.7) 108530 (82.3) 32178 (80.3) 18870 (77.4) 
  Abnormal  2562 (18.2) 23124 (17.5) 7844 (19.6) 5487 (22.5) 



Table 2. Associations between long-term leisure-time physical activity categories with all-cause and 
cardiovascular mortality by age, gender, obesity and cardiometabolic chronic conditions at baseline 
 

 
HR, Hazard ratios. CI, confidence interval. All analyses showed nonsignificant interactions (p for interaction 
>0.1). Obesity is ≥25 kg/m2 for this Asian population. Long-term leisure-time physical activity was 
calculated (cumulative average) with between 2 and 20 repeated measures from 1997 to 2016. Insufficient: 
0.01-7.49 MET-h/week. Recommended: 7.50-15.00 MET-h/week. Additional: >15.00 MET-h/week. 
Analyses were adjusted for age (time scale), sex, educational level, marital status, smoking, alcohol 
consumption, body mass index groups, occupational physical activity, regular meal patterns, cancer, 
cardiovascular disease, diabetes, hypertension, dyslipidemia, and electrocardiogram.   
 
 
 
 

 None Insufficient  Recommended Additional 
All-cause mortality     
18-64 years, n/deaths 13643/684 1128881/3706 37698/1516 22441/1087 
   HR (95%CI) 1 (Reference) 0.72 (0.66-0.78) 0.61 (0.56-0.67) 0.58 (0.53-0.64) 
65 years and above, n/deaths 399/246 2957/1442 2367/1101 1941/757 

HR (95%CI) 1 (Reference) 0.81 (0.71-0.93) 0.72 (0.62-0.83) 0.62 (0.53-0.72) 
Men, n/deaths 6373/563 59119/2779 22405/1524 15956/1316 

HR (95%CI) 1 (Reference) 0.74 (0.67-0.81) 0.65 (0.59-0.72) 0.58 (0.52-0.64) 
Women, n/deaths 7669/367 72719/2369 17660/1093 8426/528 

HR (95%CI) 1 (Reference) 0.75 (0.67-0.84) 0.64 (0.56-0.72) 0.61 (0.53-0.69) 
With obesity, n/deaths 3462/316 29877/1877 11075/921 7277/671 

HR (95%CI) 1 (Reference) 0.77 (0.69-0.87) 0.64 (0.56-0.73) 0.63 (0.55-0.72) 
With hypertension, n/deaths 1763/369 14867/2048 7504/1235 5396/861 

HR (95%CI) 1 (Reference) 0.77 (0.69-0.86) 0.66 (0.59-0.75) 0.60 (0.53-0.68) 
With diabetes, n/deaths 441/137 3772/728 1843/445 1365/299 

HR (95%CI) 1 (Reference) 0.68 (0.57-0.82) 0.63 (0.52-0.77) 0.58 (0.47-0.72) 
With dyslipidemia, n/deaths 6166/574 52037/3072 17529/1548 10310/1020 

HR (95%CI) 1 (Reference) 0.74 (0.68-0.81) 0.64 (0.58-0.71) 0.58 (0.52-0.65) 
Cardiovascular mortality     
18-64 years, n/deaths 13643/111 128881/556 37698/225 22441/188 

HR (95%CI) 1 (Reference) 0.68 (0.55-0.84) 0.54 (0.43-0.69) 0.59 (0.46-0.75) 
65 years and above, n/deaths 399/67 2957/340 2367/251 1941/181 

HR (95%CI) 1 (Reference) 0.69 (0.53-0.91) 0.59 (0.45-0.78) 0.55 (0.41-0.73) 
Men, n/deaths 6373/104 59119/493 22405/273 15956/278 

HR (95%CI) 1 (Reference) 0.69 (0.55-0.85) 0.57 (0.45-0.72) 0.61 (0.48-0.77) 
Women, n/deaths 7669/74 72719/403 17660/203 8426/91 

HR (95%CI) 1 (Reference) 0.70 (0.54-0.90) 0.57 (0.44-0.75) 0.51 (0.38-0.70) 
With obesity, n/deaths 3462/81 39877/370 11075/177 7277/135 

HR (95%CI) 1 (Reference) 0.60 (0.47-0.76) 0.46 (0.35-0.60) 0.48 (0.36-0.64) 
With hypertension, n/deaths 1763/100 14867/495 7504/309 5396/209 

HR (95%CI) 1 (Reference) 0.68 (0.55-0.85) 0.60 (0.47-0.75) 0.53 (0.42-0.68) 
With diabetes, n/deaths 441/29 3772/149 1843/88 1365/58 

HR (95%CI) 1 (Reference) 0.68 (0.45-1.03) 0.58 (0.38-0.90) 0.55 (0.34-0.88) 
With dyslipidemia, n/deaths 6166/124 52037/581 17529/315 10310/208 

HR (95%CI) 1 (Reference) 0.66 (0.54-0.80) 0.56 (0.45-0.70) 0.51 (0.40-0.64) 



 
 

Figure 1. Dose-response associations between long-term leisure-time physical activity with total and cardiovascular mortality in 210,327 adults. Long-term leisure-
time physical activity was calculated as the cumulative average with between 2 and 20 repeated measures from 1997 to 2016 and truncated to 40.00 MET-h/week. A 

total of 10539 participants died, 1919 from cardiovascular disease. Analyses were adjusted for age (time scale), sex, educational level, marital status, smoking, 
alcohol consumption, body mass index groups, occupational physical activity, regular meal patterns, cancer, cardiovascular diseases, diabetes, hypertension, 

dyslipidemia, and electrocardiogram.  
 
 
 
 
 
 

 
 
 
 



 

 
Figure 2. Associations between long-term leisure-time physical activity categories with total and 

cardiovascular mortality in 210,327 adults. Long-term leisure-time physical activity was calculated as the 
cumulative average (see methods section) with between 2 and 20 repeated measures from 1997 to 2016. 

Insufficient: 0.01-7.49 MET-h/week. Recommended: 7.50-15.00 MET-h/week. Additional: >15.00 MET-
h/week. Analyses were adjusted for age (time scale), sex, educational level, marital status, smoking, alcohol 

consumption, body mass index groups, occupational physical activity, regular meal patterns, diabetes, 
hypertension, dyslipidemia, and electrocardiogram. n for each increasing category is 14042, 131838, 40065, 

and 24382.  Deaths for all/cardiovascular cases for each increasing category are 930/178, 5148/896, 
2617/476, and 1844/369. 
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Figure 3. Descriptive data on leisure-time physical activity at baseline (first examination, blue) and 

long-term (cumulative average, red) in the present study. IQR: interquartile range, 25th-75th. 
Baseline leisure-time physical activity was also truncated to 40.00 MET-h/week (99th percentile of 

distribution) for this analysis. 
 

 



 
 
 

Figure 4. Dose-response associations between long-term (red) and baseline (blue) leisure-time physical activity with total and cardiovascular mortality in 
210,327 adults. Long-term leisure-time physical activity was calculated as the cumulative average (see methods section) with between 2 and 20 repeated 

measures from 1997 to 2016 and truncated to 40.00 MET-h/week. A total of 10539 participants died, 1919 from cardiovascular disease. Values are hazard 
ratios, and 95% confidence interval lines were removed for simplicity purposes. Analyses were adjusted for age (time scale), sex, educational level, marital 

status, smoking, alcohol consumption, body mass index groups, occupational physical activity, regular meal patterns, cancer, cardiovascular diseases, diabetes, 
hypertension, dyslipidemia, and electrocardiogram.  
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Figure S1. Flowchart of participants in the present study from the Taiwan MJ cohort. * 
Conducted by the MJ Health Research Foundation. 
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Table S1. The MJ physical activity questionnaire over the years 

 
 

Questions  Options Years 

What kind of exercise do you usually do? 
(multiple choice) 
 
-Light exercise: gardening, sweeping the floor, 
mopping the floor, golf, baseball, light aerobics, 
dancing (regular), biking (slow speed) 

 
-Medium exercise: basketball, volleyball, table 
tennis, badminton, dancing (intensive), 
swimming (as wished), brisk walking 

 
-Heavy exercise: jogging (8 kilometers per 
hour), mountain climbing, climbing the stairs, 
swimming (freestyle and breaststroke) 

 
-Intensive exercise: running (12 kilometers per 
hour), jump rope, rowing, swimming (butterfly), 
speed skating 
 

 
 
 
 
No/yes 
 
 
 
No/yes 
 
 
 
No/yes 
 
 
 
No/yes 

1997-2008 

How much time do you devote to regular 
exercise? (one choice) 

(1) None or less than 1 h/week   
(2) 1-2 h/week (3) 2-3 h/week (4) over 4 h/week 

1997 

How much time do you devote to regular 
exercise? (one choice) 

(1) None or less than 1 h/week (2) 1-2 h/week (3) 3-4 
h/week (4) 5-6 h/week (5) over 7 h/week 

1998-2008 

What is your regular exercise? (one choice) 1) Light exercise: gardening, sweeping the floor, 
mopping the floor, golf, Tai Chi, light aerobics, 
dancing (regular), and biking (slow speed). 
(2) Medium exercise: basketball, volleyball, table 
tennis, badminton, dancing (intensive), swimming 
(breaststroke) and brisk walking. 
(3) Heavy exercise: jogging (8 km/h), mountain 
climbing, climbing the stairs, and swimming (freestyle 
and back stroke). 
(4) Intensive exercise: running (12 km/h), rope-
jumping, rowing, swimming (butterfly), and speed 
skating. 

2009-2016 

How often do you exercise during the last two 
weeks? (one choice) 

(1) 2-3 times a day (2) once a day (3) once every 2-3 
days (4) once a week (5) none or rarely 

2009-2016 

How many hours do you spend on exercise 
during the last two weeks? (one choice) 

(1) <0.5 h (2) 0.5-1 h (3) 1-2 h (4) over 2 h 2009-2016 

What is the second choice of exercise that you 
do regularly? (one choice) – optional   

(1) Light exercise: gardening, sweeping the floor, 
mopping the floor, golf, Tai Chi, light aerobics, 
dancing (regular), and biking (slow speed). 
(2) Medium exercise: basketball, volleyball, table 
tennis, badminton, dancing (intensive), swimming 
(breaststroke) and brisk walking. 
(3) Heavy exercise: jogging (8 km/h), mountain 
climbing, climbing the stairs, and swimming (freestyle 
and back stroke). 
(4) Intensive exercise: running (12 km/h), rope-
jumping, rowing, swimming (butterfly), and speed 
skating. 

2009-2016 

How often do you exercise during the last two 
weeks in this second choice? (one choice) 

(1) 2-3 times a day (2) once a day (3) once every 2-3 
days (4) once a week (5) none or rarely 

2009-2016 

How many hours do you spend on exercise 
during the last two weeks in this second choice? 
(one choice) 

(1) <0.5 h (2) 0.5-1 h (3) 1-2 h (4) over 2 h 2009-2016 



 

 

Table S2. Levels of physical activity in the total sample and by number of repeated measures in each medical examination over time  
 

 
Values are median (25th-75th) in MET-h/week and presented without decimals for simplicity purposes. * Participants with between 2 and 20 medical examinations and data available 
in each medical examination.  
 
 
 
 
 
 
 
 
 

 Medical examination 
Number of 
repeated 
measures (n) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

2 (78559) 2 (0-7) 3 (0-9) — — — — — — — — — — — — — — — — — — 

3 (43977) 2 (0-7) 3 (0-9) 3 (0-9) — — — — — — — — — — — — — — — — — 
4 (26125) 2 (0-7) 3 (0-9) 4 (1-9) 4 (1-9) — — — — — — — — — — — — — — — — 

5 (17222) 2 (0-8) 4 (1-9) 4 (1-9) 4 (1-9) 4 (1-9) — — — — — — — — — — — — — — — 

6 (11546) 2 (0-8) 4 (0-9) 4 (1-9) 4 (1-9) 4 (1-9) 4 (1-10) — — — — — — — — — — — — — — 

7 (8387) 3 (0-8) 4 (0-9) 4 (1-9) 4 (1-9) 4 (1-9) 4 (1-10) 4 (1-12) — — — — — — — — — — — — — 

8 (6256) 3 (0-9) 4 (0-9) 4 (1-9) 4 (1-9) 4 (1-10) 4 (1-11) 4 (1-12) 5 (1-13) — — — — — — — — — — — — 

9 (4599) 2 (0-8) 4 (0-9) 4 (1-9) 4 (1-9) 4 (1-10) 4 (1-10) 4 (1-11) 5 (1-12) 5 (1-13) — — — — — — — — — — — 

10 (3560) 4 (0-9) 4 (0-9 4 (1-9) 4 (1-10) 4 (1-11) 4 (1-12) 4 (1-12) 4 (1-13) 5 (1-13) 5 (1-13) — — — — — — — — — — 

11 (2705) 4 (0-9) 4 (0-9) 4 (1-10) 4 (1-10) 4 (1-12) 4 (1-12) 4 (1-12) 4 (1-12) 5 (1-13) 5 (1-13) 5 (1-13) — — — — — — — — — 

12 (2016) 4 (0-9) 4 (0-9) 4 (1-10) 4 (1-12) 4 (1-14) 4 (1-13) 4 (1-13) 5 (1-13) 5 (1-13) 5 (2-13) 5 (2-13) 5 (2-13) — — — — — — — — 

13 (1617) 4 (0-9) 4 (0-9) 4 (0-9) 4 (1-12) 4 (1-12) 4 (1-14) 4 (1-14) 4 (1-14) 5 (1-14) 5 (2-13) 5 (2-13) 5 (2-13) 5 (2-13) — — — — — — — 

14 (1249) 4 (0-9) 4 (0-10) 4 (0-10) 4 (1-12) 4 (1-13) 4 (1-14) 4 (1-14) 4 (1-14) 5 (1-14) 5 (1-14) 5 (2-13) 5 (2-13) 5 (2-13) 6 (2-13) — — — — — — 

15 (954) 4 (0-9) 4 (0-9) 4 (0-12) 4 (1-12) 4 (1-14) 4 (1-14) 4 (1-14) 5 (1-14) 5 (1-14) 6 (2-14) 6 (2-14) 5 (2-13) 5 (2-13) 5 (2-13) 6 (2-13) — — — — — 

16 (651) 4 (0-10) 4 (0-10) 4 (0-14) 4 (1-12) 4 (1-14) 4 (1-14) 5 (1-14) 4 (1-14) 5 (1-14) 7 (2-14) 6 (2-14) 6 (2-13) 7 (2-13) 6 (2-13) 6 (2-13) 8 (3-14) — — — — 

17 (422) 4 (0-10) 4 (0-14) 4 (0-10) 4 (1-14) 4 (1-16) 4 (1-14) 5 (1-14) 4 (1-16) 5 (1-14) 7 (1-16) 5 (2-14) 7 (2-14) 7 (2-13) 7 (2-14) 7 (2-13) 8 (2-16) 8 (2-13) — — — 

18 (281) 4 (0-11) 4 (0-12) 4 (0-14) 4 (0-10) 4 (1-16) 4 (1-16) 7 (1-14) 4 (1-14) 4 (1-14) 6 (1-14) 8 (3-16) 7 (3-13) 7 (3-13) 7 (2-13) 7 (2-13) 8 (2-13) 8 (2-13) 8 (2-16) — — 
19 (147) 4 (0-11) 4 (1-10) 4 (0-14) 4 (0-16) 4 (1-16) 9 (1-16) 7 (1-16) 7 (1-16) 9 (4-14) 8 (4-16) 9 (4-16) 9 (4-16) 10 (4-23) 10 (4-17) 12 (4-18) 10 (1-19) 13 (5-16) 13 (4-17) 13 (4-24) — 
20 (54) 1 (0-4) 4 (0-9) 4 (0-12) 4 (0-10) 5 (0-14) 4 (1-14) 4 (1-16) 4 (1-14) 5 (1-16) 7 (1-14) 4 (4-19) 7 (1-19) 6 (3-13) 5 (2-13) 8 (2-14) 6 (2-13) 7 (3-13) 11 (1-13) 7 (4-16) 13 (2-26) 
All (210327)* 2 (0-7) 3 (0-9) 4 (1-9) 4 (1-9) 4 (1-10) 4 (1-11) 4 (1-12) 5 (1-13) 5 (1-13) 5 (2-13) 5 (2-13) 6 (2-13) 6 (2-13) 6 (1-13) 7 (2-13) 8 (2-15) 9 (3-13) 10 (2-16) 12 (4-24) 13 (2-26) 



 

 

Table S3. Descriptive characteristics in the total sample at baseline 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Values are n (%).  
 
 
 
 

n 210327 
Sex  

Men 103853 (49.4) 
Women 106474 (50.6) 

Age groups  
18-39 years 129638 (61.6) 
40-64 years 73108 (34.8) 
65 years and above 7581 (3.6) 

Educational attainment   
Middle school or below 25090 (11.9) 
High school 10967 (5.2) 
Junior school 94439 (44.9) 
College or above 77836 (37.0) 

Marital status  
Married or living with partner  134201 (63.8) 
Single or widowed  70682 (33.6) 

Smoking status  
Never 149265 (71.0) 
Former 12038 (5.7) 
Current  41882 (19.9) 

Alcohol consumption  
Never 164612 (78.3) 
Former 4628 (2.2) 
Current  30461 (14.5) 

Regular meal patterns  
Suboptimal 80600 (38.3) 
Optimal  123425 (58.7) 

Occupational physical activity  
Sedentary  125039 (59.5) 
Sedentary with occasional walking 57500 (27.3) 
Standing or walking  18556 (8.8) 
Heavy labor 4464 (2.1) 

Body mass index  
< 25 kg/m2 158587 (75.4) 
≥ 25 kg/m2 51691 (24.6) 

Hypertension  
   No 180797 (86.0) 
   Yes 29530 (14.0) 
Dyslipidemia  

No 124285 (59.1) 
Yes 86042 (40.9) 

Diabetes  
No 202906 (96.5) 
Yes 7421 (3.5) 

Electrocardiogram  
  Normal  171049 (81.3) 
  Abnormal  39017 (18.6) 



 

 

Table S4. Number of data points of repeated measures in the present study and long-term leisure-time physical activity 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Values are median (25th-75th). *Per 1000.    
 
 
 
 
 
 
 
 
 
 
 

Nº of repeated 
measures 

Nº of potential 
measures Participants Person-time at risk* Deaths Period of following 

physical activity 
Data points of 

physical activity 
Long-term leisure-time physical 

activity (MET-h/week) 
2 14 (10-18) 78559 1343.4 (997.7-1649.7) 4755 2.1 (1.3-3.6) 157118   3.2 (0.8-8.3) 
3 15 (10-18) 43977 760.8 (576.1-923.5) 2373 4.0 (2.7-6.2) 131931   3.6 (1.3-8.6) 
4 15 (11-19) 26125 462.4 (363.1-561.7) 1196 5.9 (4.0-8.4) 104500   4.0 (1.6-8.9) 
5 16 (12-19) 17222 313.4 (249.7-372.0) 722 7.3 (5.1-10.1) 86110   4.3 (1.8-9.3) 
6 16 (13-19) 11546 213.6 (177.5-252.9) 454 8.8 (6.5-11.7) 69276   4.6 (2.0-9.5) 
7 17 (13-19) 8387 165.2 (135.0-185.4) 307 9.9 (7.7-12.7) 58709   4.9 (2.1-9.8) 
8 17 (14-19) 6256 124.8 (103.8-139.4) 213 10.8 (8.7-13.5) 50048     5.2 (2.3-10.3) 
9 18 (15-19) 4599 95.2 (66.7-103.2) 135 11.9 (9.8-14.4) 41391     5.2 (2.4-10.6) 
10 18 (15-20) 3560 74.9 (63.4-80.1) 108 12.7 (10.7-14.8) 35600     5.9 (2.8-11.3) 
11 19 (16-20) 2705 58.2 (50.8-61.2) 87 13.5 (11.6-15.6) 29755     5.8 (2.8-11.2) 
12 19 (17-20) 2016 43.9 (39.5-45.9) 68 14.3 (12.7-16.1) 24192     6.6 (3.0-12.2) 
13 19 (17-20) 1617 35.6 (32.3-36.9) 47 15.0 (13.5-16.7) 21021     6.6 (3.1-12.2) 
14 19 (18-20) 1249 27.7 (25.7-28.6) 34 15.6 (14.4-17.0) 17486     6.5 (3.3-12.1) 
15 20 (18-20) 954 21.5 (20.1-21.9) 11 16.0 (15.1-18.0) 14310     7.1 (3.3-13.1) 
16 20 (19-20) 651 14.7 (14.2-14.9) 14 17.0 (15.8-18.3) 10416     7.6 (3.9-12.8) 
17 20 (19-20) 422 9.5 (9.2-9.7) 9 17.9 (16.8-18.7) 7174     7.7 (3.6-14.4) 
18 20 (19-20) 281 6.4 (6.2-6.5) 5 18.4 (17.8-18.9) 5058     7.8 (4.0-14.0) 
19 20 (20-20) 147 3.4 (3.3-3.4) 1 18.8 (18.3-19.2) 2793     9.3 (4.8-15.1) 
20 20 (20-20) 54 1.2 (1.2-1.2) 0 19.0 (18.9-19.2) 1080     7.7 (4.8-13.5) 
All 15 (11-19) 210327 3806.9 (2923.5-4543.1) 10539 4.8 (2.3-9.0) 867968   3.8 (1.3-9.0) 



 

 

Table S5. Study population characteristics at baseline by number of examinations  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Values are n (%).  
 
 
 
 
 
  

 Number of medical examinations 
 2 3 4 5 or more 
n 76318 44093 26582 63334 
Sex     

Male 36541 (47.9) 21737 (49.3) 13331 (50.2) 32244 (50.9) 
Female 39777 (52.1) 22356 (50.7) 13251 (49.9) 31090 (49.1) 

Age groups     
18-39 years 46806 (61.3) 27350 (62.0) 16719 (62.9) 38236 (60.4) 
40-64 years 26094 (34.2) 15086 (34.2) 9000 (33.9) 23372 (36.9) 
65 years and above 3418 (4.5) 1657 (3.8) 863 (3.3) 1726 (2.7) 

Educational attainment      
Middle school or below 10238 (13.4) 5243 (11.9) 3010 (11.3) 6599 (10.4) 
High school 4120 (5.4) 2312 (5.2) 1300 (4.9) 3235 (5.1) 
Junior school 32822 (43.0) 19184 (43.5) 11846 (44.6) 30587 (48.3) 
College or above 28374 (37.2) 16921 (38.4) 10201 (38.4) 22340 (35.3) 

Marital status     
Married or living with partner  46345 (60.7) 27148 (61.6) 16656 (62.7) 44052 (69.6) 
Single or widowed  27771 (36.4) 15721 (35.7) 9234 (34.7) 17956 (28.4) 

Smoking status     
Never 53879 (70.6) 31334 (71.1) 18994 (71.5) 45058 (71.1) 
Former 4307 (5.6) 2496 (5.7) 1506 (5.7) 3729 (5.9) 
Current  15699 (20.6) 8893 (20.2) 5242 (19.7) 12048 (19.0) 

Alcohol consumption     
Never 59666 (78.2) 34653 (78.6) 21088 (79.3) 49205 (77.7) 
Former 1824 (2.4) 993 (2.3) 531 (2.0) 1280 (2.0) 
Current  11056 (14.5) 6315 (14.3) 3712 (14.0) 9378 (14.8) 

Regular meal patterns     
Suboptimal 30569 (40.1) 17282 (39.2) 10337 (38.9) 22412 (35.4) 
Optimal  43594 (57.1) 25554 (58.0) 15507 (58.3) 38770 (61.2) 

Occupational physical activity     
Sedentary  44875 (58.8) 26279 (59.6) 15797 (59.4) 38088 (60.1) 
Sedentary with occasional walking 20740 (27.2) 11956 (27.1) 7320 (27.5) 17484 (27.6) 
Standing or walking  7058 (9.3) 3943 (8.9) 2318 (8.7) 5237 (8.3) 
Heavy labor 1834 (2.4) 900 (2.0) 578 (2.2) 1152 (1.8) 

Body mass index     
< 25 kg/m2 56760 (74.4) 33020 (74.9) 20020 (75.3) 48787 (77.0) 
≥ 25 kg/m2 19539 (25.6) 11065 (25.1) 6555 (24.7) 14532 (23.0) 

Hypertension     
   No 64942 (85.1) 37734 (85.6) 22932 (86.3) 55189 (87.1) 
   Yes 11376 (14.9) 6359 (14.4) 3650 (13.7) 8145 (12.9) 
Dyslipidemia     

No 45972 (60.2) 26593 (60.3) 15903 (59.8) 35817 (56.6) 
Yes 30346 (39.8) 17500 (39.7) 10679 (40.2) 27517 (43.5) 

Diabetes     
No 73138 (95.8) 42495 (96.4) 25655 (96.5) 61617 (97.3) 
Yes 3180 (4.2) 1598 (3.6) 927 (3.5) 1717 (2.7) 

Electrocardiogram     
  Normal  61193 (80.2) 35679 (80.9) 21693 (81.6) 52484 (82.9) 
  Abnormal  15023 (19.7) 8345 (18.9) 4861 (18.3) 10788 (17.0) 



 

 

Table S6. Associations between long-term leisure-time physical activity categories with all-cause 
and cardiovascular mortality in sequentially adjusted models  
 
 

 
Long-term leisure-time physical activity was calculated (cumulative average) with between 2 and 20 
repeated measures from 1997 to 2016. Insufficient: 0.01-7.49 MET-h/week. Recommended: 7.50-15.00 
MET-h/week. Additional: >15.00 MET-h/week. Multivariable-adjusted 1 includes age (time scale), sex, 
educational level, and marital status. Multivariable-adjusted 2 includes covariates from Multivariable-
adjusted 1 plus smoking, alcohol consumption, occupational physical activity and regular meal patterns. 
Multivariable-adjusted 3 includes covariates form Multivariable-adjusted 2 plus cancer and cardiovascular 
disease. Multivariable-adjusted 4 includes covariates form Multivariable-adjusted 3 plus body mass index 
groups, diabetes, hypertension, dyslipidemia, and electrocardiogram.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 None Insufficient Recommended Additional 
n 14042 131838 40065 24382 
All-cause mortality     
deaths 930 5148 2617 1844 
Age-adjusted  
HR (95%CI) 1 (Reference) 0.70 (0.65-0.75) 0.58 (0.54-0.63) 0.55 (0.50-0.59) 

Multivariable-adjusted 1  
HR (95%CI) 1 (Reference) 0.75 (0.70-0.80) 0.62 (0.58-0.67) 0.55 (0.51-0.60) 

Multivariable-adjusted 2  
HR (95%CI) 1 (Reference) 0.77 (0.72-0.83) 0.66 (0.61-0.71) 0.60 (0.55-0.65) 

Multivariable-adjusted 3  
HR (95%CI) 1 (Reference) 0.75 (0.70-0.81) 0.65 (0.60-0.70) 0.58 (0.53-0.63) 

Multivariable-adjusted 4  
HR (95%CI) 1 (Reference) 0.74 (0.69-0.80) 0.64 (0.60-0.70) 0.59 (0.54-0.64) 

Cardiovascular mortality     
deaths 178 896 476 369 
Age-adjusted  
HR (95%CI) 1 (Reference) 0.66 (0.56-0.77) 0.52 (0.44-0.62) 0.53 (0.44-0.63) 

Multivariable-adjusted 1  
HR (95%CI) 1 (Reference) 0.70 (0.60-0.82) 0.56 (0.47-0.66) 0.53 (0.44-0.64) 

Multivariable-adjusted 2   
HR (95%CI) 1 (Reference) 0.72 (0.62-0.85) 0.59 (0.50-0.70) 0.58 (0.48-0.70) 

Multivariable-adjusted 3   
HR (95%CI) 1 (Reference) 0.70 (0.60-0.83) 0.57 (0.48-0.68) 0.56 (0.47-0.68) 

Multivariable-adjusted 4   
HR (95%CI) 1 (Reference) 0.68 (0.58-0.80) 0.56 (0.47-0.67) 0.56 (0.47-0.68) 



 

 

Table S7. Associations between long-term leisure-time physical activity with all-cause and 
cardiovascular mortality among groups with insufficient physical activity 
 

 
HR, Hazard ratios. CI, confidence interval. Long-term leisure-time physical activity was calculated 
(cumulative average) with between 2 and 20 repeated measures from 1997 to 2016. Analyses were adjusted 
for age (time scale), sex, educational level, marital status, smoking, alcohol consumption, body mass index 
groups, occupational physical activity, regular meal patterns, cancer, cardiovascular disease, diabetes, 
hypertension, dyslipidemia, and electrocardiogram. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 MET-h/week 
 0  0.01-3.74 3.75-7.49 

n 14042 90536 41302 
All-cause mortality    
deaths 930 3413 1735 
HR (95%CI) 1 (Reference) 0.78 (0.72-0.83) 0.68 (0.63-0.74) 
Cardiovascular mortality    
deaths 178 577 319 
HR (95%CI) 1 (Reference) 0.70 (0.59-0.83) 0.65 (0.54-0.78) 



 

 

Table S8. Associations of leisure-time physical activity at baseline (first examination) with all-
cause and cardiovascular mortality 
 

 
HR, Hazard ratios. CI, confidence interval. Insufficient: 0.01-7.49 MET-h/week. Recommended: 7.50-15.00 
MET-h/week. Additional: >15.00 MET-h/week. Analyses were adjusted for age (time scale), sex, 
educational level, marital status, smoking, alcohol consumption, body mass index groups, occupational 
physical activity, regular meal patterns, cancer, cardiovascular diseases, diabetes, hypertension, 
dyslipidemia, and electrocardiogram. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 None Insufficient Recommended Additional 
n 61965 95846 25425 27091 
All-cause mortality     
deaths 3077 3631 2044 1787 
HR (95%CI) 1 (Reference) 0.88 (0.84-0.93) 0.83 (0.78-0.88) 0.78 (0.73-0.83) 
Cardiovascular mortality     
deaths 535 651 382 351 
HR (95%CI) 1 (Reference) 0.91 (0.81-1.02) 0.78 (0.68-0.89) 0.80 (0.70-0.92) 



 

 

Table S9. Associations of long-term leisure-time physical activity categories with all-cause and 
cardiovascular mortality excluding selected participants  
 

 
CVD, cardiovascular disease. HR, Hazard ratios. CI, confidence interval. *Physician-diagnosed cancer or 
cardiovascular disease reported in subsequent medical examinations. Long-term leisure-time physical 
activity was calculated (cumulative average) with between 2 and 20 repeated measures from 1997 to 2016. 
Insufficient: 0.01-7.49 MET-h/week. Recommended: 7.50-15.00 MET-h/week. Additional: >15.00 MET-
h/week. Analyses were adjusted for age (time scale), sex, educational level, marital status, smoking, alcohol 
consumption, body mass index groups, occupational physical activity, meal patterns, cancer, CVD, diabetes, 
hypertension, dyslipidemia, and electrocardiogram. 
 
 
 
 
 
 
 
 
 
 
 
 

 None Insufficient Recommended Additional 
Excluding 61062 
current/former smoker 
participants  

    

n 9355 95120 28274 16516 
All-cause mortality     
deaths 446 2950 1581 1107 
HR (95%CI) 1 (Reference) 0.74 (0.67-0.82) 0.64 (0.58-0.71) 0.62 (0.55-0.70) 
Cardiovascular mortality     
deaths 88 504 288 223 
HR (95%CI) 1 (Reference) 0.67 (0.53-0.84) 0.54 (0.42-0.68) 0.56 (0.44-0.72) 
Excluding 9009 participants 
with incident cancer/CVD *     

n 13703 127036 37728 22851 
All-cause mortality     
deaths 836 4444 2191 1557 
HR (95%CI) 1 (Reference) 0.78 (0.72-0.84) 0.67 (0.62-0.73) 0.63 (0.57-0.68) 
Cardiovascular mortality     
deaths 160 737 392 299 
HR (95%CI) 1 (Reference) 0.70 (0.59-0.83) 0.59 (0.49-0.71) 0.59 (0.49-0.72) 
Excluding 2360 participants 
who died the first 4 years of 
follow-up 

    

n 13885 130644 39478 23960 
All-cause mortality     
deaths 773 3954 2030 1422 
HR (95%CI) 1 (Reference) 0.72 (0.66-0.77) 0.59 (0.54-0.65) 0.54 (0.49-0.59) 
Cardiovascular mortality     
deaths 147 721 376 309 
HR (95%CI) 1 (Reference) 0.68 (0.57-0.82) 0.55 (0.46-0.67) 0.58 (0.47-0.71) 



 

 

Table S10. Associations between long-term leisure-time physical activity categories modeled with 
two different methods and in the last examination and with all-cause and cardiovascular mortality  
 

 
*Long-term leisure-time physical activity was calculated (cumulative average) with between 2 and 20 repeated 
measures from 1997 to 2016. Analyses were adjusted for age (time scale), sex, educational level, marital status, 
smoking, alcohol consumption, body mass index groups, occupational physical activity, regular meal patterns, cancer, 
cardiovascular disease, diabetes, hypertension, dyslipidemia, and electrocardiogram. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  All-cause mortality Cardiovascular mortality 

 
n deaths HR (95%CI) deaths HR (95%CI) 

Cumulative average given more 
weight to the first (baseline) 
examination before the outcome* 

 
    

None  14042 930 1 (Reference) 178 1 (Reference) 
Insufficient  136329 5287 0.72 (0.67-0.77) 917 0.66 (0.56-0.78) 
Recommended 36866 2603 0.67 (0.62-0.72) 481 0.58 (0.49-0.69) 
Additional 23090 1719 0.61 (0.56-0.66) 343 0.58 (0.48-0.71) 

Cumulative average given more 
weight to the most recent (last) 
examination before the outcome* 

 
    

None  14042 930 1 (Reference) 178 1 (Reference) 
Insufficient  130090 5128 0.74 (0.69-0.80) 890 0.68 (0.58-0.80) 
Recommended 39407 2581 0.66 (0.61-0.71) 483 0.59 (0.50-0.71) 
Additional 26788 1900 0.57 (0.53-0.62) 368 0.54 (0.45-0.65) 

Last examination (simple update) 
before the outcome  

     

None  50054 2532 1 (Reference) 482 1 (Reference) 
Insufficient  95805 3629 0.87 (0.82-0.91) 607 0.76 (0.67-0.85) 
Recommended 33357 2207 0.79 (0.74-0.83) 415 0.71 (0.63-0.82) 
Additional 31111 2171 0.73 (0.69-0.78) 415 0.70 (0.61-0.80) 
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