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Abstract
Background Studies have shown that aerobic and muscle-strengthening physical activities reduce mortality risk. 
However, little is known about the joint associations of the two activity types and whether other type of physical 
activity, such as flexibility activity, can provide similar mortality risk reduction.

Objectives We examined the independent associations of aerobic, muscle-strengthening, and flexibility physical 
activities with all-cause and cause-specific mortality in a population-based prospective cohort of Korean men and 
women. We also examined the joint associations of aerobic and muscle-strengthening activities, the two physical 
activity types that are recommended by the current World Health Organization physical activity guidelines.

Design This analysis included 34,379 Korea National Health and Nutrition Examination Survey 2007–2013 
participants (aged 20–79 years) with mortality data linkage through December 31, 2019. Engagement in walking, 
aerobic, muscle-strengthening, and flexibility physical activities was self-reported at baseline. Cox proportional 
hazards model was performed to estimate hazard ratios (HRs) and 95% confidence intervals (CIs), adjusting for 
potential confounders.

Results Flexibility physical activity (≥ 5 vs. 0 d/wk) was inversely associated with all-cause (HR [95% CI] = 0.80 
[0.70–0.92]; P-trend < 0.001) and cardiovascular mortality (0.75 [0.55–1.03], P-trend = 0.02). Moderate- to vigorous-
intensity aerobic physical activity (≥ 50.0 vs. 0 MET-h/wk) was also associated with lower all-cause (HR [95% CI] = 0.82 
[0.70–0.95]; P-trend < 0.001) and cardiovascular mortality (0.55 [0.37–0.80]; P-trend < 0.001). Similar inverse associations 
were observed with total aerobic physical activity, including walking. Muscle-strengthening activity (≥ 5 vs. 0 d/wk) 
was inversely associated with all-cause mortality (HR [95% CI] = 0.83 [0.68–1.02]; P-trend = 0.01) but was not associated 
with cancer or cardiovascular mortality. Compared to participants meeting the highest guidelines for both moderate- 
to vigorous-intensity aerobic and muscle-strengthening physical activities, those not meeting in any guideline were 
associated with higher all-cause (1.34 [1.09–1.64]) and cardiovascular mortality (1.68 [1.00-2.82]).
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Introduction
Physical activity refers to any bodily movement produced 
by skeletal muscles that requires energy expenditure [1]. 
Physical activity includes various types of activity, such 
as aerobic, muscle-strengthening, and flexibility physi-
cal activities. Studies have shown that aerobic and mus-
cle-strengthening physical activities are associated with 
lower risks of obesity [2, 3], hypertension [4–6], type 2 
diabetes [7, 8], cancer [9, 10], and cardiovascular diseases 
[11, 12], the major causes of premature deaths in many 
countries [13, 14]. Based on the findings that support 
the health benefits of physical activity, the current World 
Health Organization (WHO) physical activity guideline 
recommends adults to engage in at least 150 min/wk of 
moderate-intensity aerobic physical activity (or ≥ 75 min/
wk of vigorous-intensity aerobic physical activity) and 
more than 2 d/wk of muscle-strengthening physical 
activity [15].

Despite the large number of studies on physical activity, 
there are some remaining questions that have not been 
fully investigated. Because most studies focused on a sin-
gle activity type, it is unclear whether engaging in recom-
mended levels of both aerobic and muscle-strengthening 
activities provides additional benefits compared with 
meeting the guideline for one. Further, little is known 
about the association between physical activity and mor-
tality beyond aerobic and muscle-strengthening activities 
and thus it is yet unclear whether other types of physical 
activity, such as flexibility physical activity, can also pro-
vide similar mortality risk reduction. While some popu-
lations (e.g., elderly, people with disabilities) can only 
perform flexibility physical activity, the current guideline 
does not provide a clear recommendation regarding flex-
ibility physical activity. In some studies, flexibility physi-
cal activity, including stretching and yoga, was associated 
with reduced risk of injuries [16–18] and improved pul-
monary function [19–21]. However, evidence is scarce 
for the association between flexibility physical activity 
and mortality.

In this study, we examined the associations of three 
different types of physical activity (aerobic, muscle-
strengthening, and flexibility physical activities) with all-
cause and cause-specific mortality in a population-based 
prospective cohort of Korean adults. We also investigated 
the joint associations of the two recommended physi-
cal activity types (aerobic and muscle-strengthening) 
according to the current physical activity guidelines.

Methods
Study population
This study was conducted among participants in the 
Korea National Health and Nutrition Examination Sur-
vey (KNHANES) 2007–2013 who agreed to mortality 
follow-up through December 31, 2019. The KNHANES 
is a nationally representative, cross-sectional survey con-
ducted by the Korea Disease Control and Prevention 
Agency (KDCA) and the Korean Ministry of Health and 
Welfare in 1998, 2001, 2005, and annually since 2007 [22]. 
The survey consists of health examination, health inter-
view, and nutrition survey. The survey collected informa-
tion on demographic characteristics, health behaviors, 
anthropometric measures, and health history. All surveys 
collected comparable data using similar methods. All 
participants provided informed consent and the survey 
was approved by the Institutional Review Board of the 
KDCA and Korea University.

Among 38,944 KNHANES 2007–2013 participants 
aged 20–79 years, 38,943 participants agreed to mortal-
ity data linkage. Among 38,943 who agreed to mortality 
linkage, we excluded participants who were currently 
pregnant (n = 227), had a prior diagnosis of cancer or car-
diovascular disease at baseline (n = 2,800), had missing 
information on any type of physical activity (n = 1,217), 
had an unreasonable range of aerobic physical activity 
(> 16  h/d when combined walking, moderate-intensity, 
and vigorous-intensity activities; n = 53), and provided 
invalid responses to the physical activity questionnaire 
(mismatching information between frequency and dura-
tion; n = 13). To reduce bias due to subclinical disease 
at baseline, we further excluded participants who died 
during the first year of follow-up (n = 94) and those who 
reported to have lied down all day due to health problems 
(n = 160). In total, 34,379 participants (14,704 men and 
19,675 women) were included in the analysis (participant 
flowchart in Supplementary Fig. 1).

Mortality assessment
Among 34,379 participants, a total of 1,622 deaths were 
identified by matching death certificates based on the res-
ident registration number. The underlying cause of death 
was obtained using codes from the International Classifi-
cation of Diseases, 10th version (ICD-10). We identified 
deaths from all causes, as well as cancers (C00-D48) (574 
deaths) and cardiovascular disease (I00-I99) (338 deaths).

Conclusions Our data suggest that aerobic, muscle-strengthening, and flexibility activities are associated with lower 
risk of mortality.

Keywords Physical activity, Exercise, Death, Mortality, Lifestyle, Asian
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Physical activity assessment
During health interview, participants were asked to 
report the frequency (d/wk) and duration (h and min/d) 
of moderate-intensity and vigorous-intensity aerobic 
physical activity (including occupational and recreational 
activities) they performed during the past week, using 
a questionnaire derived from the International Physi-
cal Activity Questionnaire (IPAQ) [23, 24]. Participants 
were also asked to report the frequency and duration of 
walking (of any speed and purpose). For aerobic physical 
activity, we calculated total metabolic equivalent (MET)-
h/wk by multiplying the summed h/wk of each activity 
with its corresponding average MET values (walking = 3.3 
METs, moderate-intensity = 4 METs, vigorous-inten-
sity = 8 METs) [25, 26]. We then categorized total aerobic 
physical activity (combined walking, moderate-intensity 
and vigorous-intensity activities) into three groups (low, 
moderate, high) according to the IPAQ guideline [27]. 
The “high” category of total aerobic activity included 
participants with ≥ 3 days of vigorous-intensity activity 
achieving total aerobic activity of ≥ 25 MET-h/wk; or ≥ 7 
days of any combination of walking, moderate-intensity, 
or vigorous-intensity activities achieving total aerobic 
physical activity of ≥ 50 MET-h/wk. The “moderate” cat-
egory included participants who satisfied at least one 
of the following three criteria: (1) ≥ 3 d/wk of vigorous-
intensity activity of at least 20 min/d; (2) ≥ 5 d/wk of 
moderate-intensity activity and/or walking of at least 30 
min/d; or (3) ≥ 5/wk of any combination of walking, mod-
erate-intensity, or vigorous-intensity activities achieving 
total aerobic physical activity of ≥ 10 MET-h/wk. The 
“low” category included participant who were not meet-
ing criteria for “moderate” and “high” categories. Addi-
tionally, because specific information on walking speed 
was not collected, we also separately estimated MET-h/
wk of moderate- to vigorous-intensity aerobic physi-
cal activity after excluding walking. The WHO physical 
activity guideline [15] recommends engaging in at least 
10 MET-h/wk of moderate- to vigorous-intensity aerobic 
activity for disease prevention and at least 20 MET-h/wk 
for additional health benefits. Based on the WHO guide-
line, we categorized moderate- to vigorous-intensity 
aerobic activity into six groups (0, 0.1–4.9, 5.0-9.9, 10.0-
19.9, 20.0-49.9, ≥ 50.0 MET-h/wk). We included addi-
tional categories beyond those suggested by the WHO 
cutpoints to examine the dose-response relationship. For 
flexibility (e.g., stretching, free gymnastics) and muscle-
strengthening (e.g., push-up, sit-up, weight-lifting using 
dumbbells or iron bars) physical activities, participants 
were asked to report the number of days (0, 1, 2, 3, 4, 
≥ 5) they engaged in the activity during the past week. 
After collapsing categories with small samples, partici-
pants were categorized into five groups (0, 1, 2, 3–4, ≥ 5 
d/wk). To examine the joint association of aerobic and 

muscle-strengthening activities, we categorized par-
ticipants into groups according to their satisfaction with 
the physical activity guidelines: not meeting any guide-
line, meeting at least one guideline (aerobic or muscle-
strengthening), and meeting both guidelines.

Prevalent health conditions
During the baseline health interview, participants 
reported a prior diagnosis of type 2 diabetes, hyperten-
sion, and dyslipidemia. At baseline health examination, 
glycated hemoglobin (HbA1c), fasting blood glucose, 
blood triglyceride, blood cholesterol, and blood pres-
sure were measured by medical staff, following standard-
ized protocols. We defined prevalent type 2 diabetes as 
those who reported a prior diagnosis of type 2 diabetes, 
reported current use of diabetic medications, or had fast-
ing blood glucose concentration of 126 mg/dL or higher 
or HbA1c of 6.5% or higher at baseline. Prevalent hyper-
tension was defined as participants who reported a prior 
diagnosis of hypertension, reported current use of anti-
hypertensive medications, or had diastolic blood pres-
sure of 90 mmHg or higher or systolic blood pressure of 
40 mmHg or higher at baseline. Prevalent dyslipidemia 
was defined as participants who satisfied at least one of 
the following criteria: (1) reported a prior diagnosis of 
dyslipidemia; (2) reported current use of medication or 
treatment; (3) had total cholesterol concentration of 
240  mg/dL or higher; (4) had LDL-cholesterol concen-
tration of 160 mg/dL or higher; (5) had HDL-cholesterol 
concentration of 40 mg/dL or lower; or (5) had triglycer-
ide concentration of 200 mg/dL or higher. For each par-
ticipant, we also summed the number (0–3) of prevalent 
health conditions: type 2 diabetes, hypertension, and 
dyslipidemia.

Statistical analysis
From the baseline survey in 2007–2013, participants were 
followed up to the date of death or the end of follow-
up on December 31, 2019. By using age as a time scale 
and the year of baseline examination as strata, Cox pro-
portional hazards models were used to estimate hazard 
ratios (HRs) and 95% confidence intervals (CIs) for the 
associations between physical activity (aerobic, muscle-
strengthening, flexibility) and mortality (all-cause as well 
as cancer- and cardiovascular disease-specific). All analy-
ses accounted for the complex sampling design using a 
robust variance estimator. Multivariable models included 
potential confounders: sex, residence, education, occu-
pation, household income, marital status, smoking sta-
tus, alcohol drinking, and self-rated health (Model 1). In 
Model 2, we additionally adjusted for measured baseline 
body mass index (BMI), a potential mediator. In Model 3, 
we additionally adjusted for prevalence of type 2 diabe-
tes, hypertension, and dyslipidemia to assess the role of 
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these variables in the associations. Tests for trend were 
performed using the Wald test for continuous trend vari-
ables. In secondary analyses, we stratified the analyses 
by potential effect modifiers (age, sex, region, household 
income, and BMI). Tests for interaction were performed 
using the Wald test for product terms. In sensitivity anal-
yses, we further reduced confounding due to subclini-
cal disease at baseline by conducting a 2-y and 5-y lag 
analyses after excluding deaths that occurred during the 
first 2 years (n = 116) and 5 years (n = 617) of follow-up, 
respectively. To examine the association between physi-
cal activity and prevalent health conditions, we estimated 
age- and sex-adjusted prevalence of type 2 diabetes, 
hypertension, and dyslipidemia by physical activity cat-
egories. We performed the F test for ANOVA to deter-
mine any difference in distributions by physical activity 
category. All statistical analyses were performed using 
SAS 9.4 (SAS Institute Inc.).

Results
Participant characteristics
During the follow-up of up to 12.4 years, 34,379 partici-
pants contributed a total of 315,226 person-years and 
1,622 deaths. Mean duration of follow-up was 9.2 years 
and mean age at baseline was 47.9 years. Table 1 shows 
the baseline characteristics of study participants accord-
ing to the categories of total aerobic physical activity. 
Compared to individuals with low levels of total aerobic 
physical activity, those with high levels were more likely 
to be male, younger, and have higher household income, 
good self-rated health, and higher levels of walking, 
muscle-strengthening, and flexibility physical activities. 
Similar patterns were observed by the levels of muscle-
strengthening (Supplementary Table  1) and flexibility 
physical activities (Supplementary Table 2).

Prevalent health conditions
Table  2 shows the age- and sex-adjusted prevalence of 
types 2 diabetes, hypertension, and dyslipidemia at base-
line according to physical activity categories. For each 
type of physical activity (total aerobic, moderate- to vig-
orous-intensity aerobic, muscle-strengthening, flexibil-
ity), participants with higher levels of activity were more 
likely to have a lower prevalence of dyslipidemia.

Physical activity type and all-cause mortality
Table  3 presents the associations of aerobic, muscle-
strengthening, and flexibility physical activities with all-
cause mortality. Compared with participants who did 
not perform any moderate- to vigorous-intensity aero-
bic physical activity, those with higher levels of moder-
ate- to vigorous-intensity aerobic activity were associated 
with lower all-cause mortality risk (≥ 50.0 vs. 0 MET-h/
wk: HR = 0.82; 95% CI = 0.70–0.95; P-trend < 0.001). The 

associations remained statistically significant after addi-
tional adjustment for BMI (HR = 0.82, 95% CI = 0.71–0.95; 
P-trend < 0.001) and after adjustment for prevalent condi-
tions (HR = 0.81, 95% CI = 0.70–0.95; P-trend < 0.001). In 
all models, the inverse association between moderate- to 
vigorous-intensity aerobic activity and all-cause mortal-
ity was statistically significant at ≥ 5.0 MET-h/wk (5.0-9.9 
vs. 0 MET-h/wk: HR = 0.64; 95% CI = 0.48–0.85 in Model 
1). Including walking, the statistically significant inverse 
association was observed at ≥ 10.0 MET-h/wk (HR = 0.81; 
95% CI = 0.68–0.96; P-trend = 0.02; Supplementary 
Table  3). Compared with “low” level of total aerobic 
activity (including walking) based on the IPAQ guide-
line, the “high” level was also inversely associated with 
all-cause mortality but the association was marginally 
significant (HR = 0.89, 95% CI = 0.78–1.01; P-trend = 0.07). 
Performing muscle-strengthening physical activity for at 
least 1 d/wk was also inversely associated with all-cause 
mortality (1 vs. 0 d/wk: HR = 0.67; 95% CI = 0.48–0.94; 
P-trend = 0.01). Performing flexibility physical activity 
for at least 1 d/wk was statistically significantly associ-
ated with a lower risk of all-cause mortality (1 vs. 0 d/wk: 
HR = 0.70; 95% CI = 0.53–0.91; P-trend < 0.001). For each 
activity type, the inverse association did not change after 
additional adjustment for BMI or prevalent conditions.

Physical activity type and cause-specific mortality
Table  4 presents the associations with cause-specific 
mortality. Moderate- to vigorous-intensity aerobic physi-
cal activity was inversely associated with both cancer 
(10.0-19.9 vs. 0 MET-h/wk: HR = 0.66; 95% CI = 0.45–
0.98; P-trend = 0.15) and cardiovascular mortality 
(≥ 50.0 vs. 0 MET-h/wk: HR = 0.55; 95% CI = 0.37–0.80; 
P-trend < 0.001). Including walking, total aerobic physi-
cal activity was inversely associated with cardiovascular 
mortality (high vs. low: HR = 0.56, 95% CI = 0.40–0.77; 
P-trend < 0.001) but was not associated with cancer mor-
tality (HR = 0.96, 95% CI = 0.77–1.19; P-trend = 0.81). 
Flexibility physical activity was also inversely associated 
with cardiovascular mortality (3–4 vs. 0 d/wk: HR = 0.61; 
95% CI = 0.39–0.96; P-trend = 0.02) but was not associ-
ated with cancer mortality (≥ 5 vs. 0 d/wk: HR = 0.87; 95% 
CI = 0.69–1.09; P-trend = 0.27). Muscle-strengthening 
activity (≥ 5 vs. 0 d/wk) was not associated with cancer 
(HR = 0.90; 95% CI = 0.65–1.26; P-trend = 0.76) or car-
diovascular mortality (HR = 0.94; 95% CI = 0.60–1.47; 
P-trend = 0.45).

Physical activity guidelines and mortality
Table  5 presents the joint associations of meeting aero-
bic and muscle-strengthening physical activity guidelines 
with all-cause and cause-specific mortality. Compared 
to participants meeting the highest guidelines for both 
total aerobic (“high” based on the IPAQ guideline) and 
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Characteristics Total aerobic physical activity (including 
walking; IPAQ guideline)b

Low Moderate High
(n = 13,764) (n = 11,622) (n = 8,993)
N (Percentagec)

Male 5,236 (38.0) 4,774 (41.1) 4,694 (52.2)

Age, years
 19–49 7,384 (53.7) 6,494 (55.9) 5,036 (56.0)

 50–59 2,586 (18.8) 2,030 (17.5) 1,918 (21.3)

 60–69 2,115 (15.4) 1,822 (15.7) 1,386 (15.4)

 ≥ 70 1,679 (12.2) 1,276 (11.0) 653 (7.3)

Regiond

 Metropolitan 6,070 (44.1) 5,642 (48.6) 3,850 (42.8)

 Urban 4,844 (35.2) 4,006 (34.5) 3,071 (34.2)

 Rural 2,850 (20.7) 1,974 (17.0) 2,072 (23.0)

Education attainment
 Lower than high school 5,118 (37.2) 3,665 (31.5) 2,934 (32.6)

 High school 4,548 (33.0) 3,992 (34.4) 3,605 (40.1)

 College or higher 4,098 (29.8) 3,965 (34.1) 2,454 (27.3)

Occupation
 Nonphysical labor 2,899 (21.1) 2,852 (24.5) 1,647 (18.3)

 Physical labor 5,201 (37.8) 3,972 (34.2) 4,648 (51.7)

 Unemployed/homemakers/students/others 5,664 (41.2) 4,798 (41.3) 2,698 (30.0)

Household income
 Quartile 1 2,609 (19.0) 2,002 (17.2) 1,377 (15.3)

 Quartile 2 3,568 (25.9) 2,828 (24.3) 2,323 (25.8)

 Quartile 3 3,765 (27.4) 3,178 (27.3) 2,493 (27.7)

 Quartile 4 3,611 (26.2) 3,440 (29.6) 2,678 (29.8)

 Missing 211 (1.5) 174 (1.5) 122 (1.4)

Marital status
 Married 10,343 (75.2) 8,299 (71.4) 6,671 (74.2)

 Never married 1,591 (11.6) 2,010 (17.3) 1,491 (16.6)

 Divorced/separated/widowed 1,830 (13.3) 1,313 (11.3) 831 (9.2)

Smoking status
 Never 8,849 (64.3) 7,445 (64.1) 4,893 (54.4)

 Former 2,015 (14.6) 1,886 (16.2) 1,788 (19.9)

 Current 2,900 (21.1) 2,291 (19.7) 2,312 (25.7)

Alcohol drinking
 Nondrinkers 4,053 (29.5) 3,107 (26.7) 1,966 (21.9)

 1 time/month 4,091 (29.7) 3,507 (30.2) 2,446 (27.2)

 ≥ 2 times/month 5,620 (40.8) 5,008 (43.1) 4,581 (50.9)

Body Mass Index, kg/m2

 < 18.5 683 (5.0) 539 (4.6) 295 (3.3)

 18.5–24.9 8,735 (63.5) 7,526 (64.8) 5,688 (63.3)

 ≥ 25.0 4,346 (31.6) 3,557 (30.6) 3,010 (33.5)

Self-rated health
 Good 4,196 (30.5) 4,492 (38.7) 4,086 (45.4)

 Fair 6,708 (48.7) 4,996 (43.0) 3,402 (37.8)

 Poor 2,860 (20.8) 2,134 (18.4) 1,505 (16.7)

Walking, h/wk
 0 4,399 (32.0) 247 (2.1) 430 (4.8)

 0.1–2.4 6,859 (49.8) 2,285 (19.7) 1,357 (15.1)

 2.5–4.9 1,696 (12.3) 4,193 (36.1) 1,651 (18.4)

 5.0-9.9 610 (4.4) 3,382 (29.1) 1,918 (21.3)

Table 1 Baseline characteristics according to categories of total aerobic physical activitya
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muscle-strengthening (≥ 2 d/wk) activities, those not 
meeting any physical activity guideline (“low” total aer-
obic and < 2 d/wk muscle-strengthening) were statisti-
cally significantly associated with higher risks of all-cause 
(HR = 1.28; 95% CI = 1.02–1.62) and cardiovascular mor-
tality (HR = 2.04; 95% CI = 1.08-3.88). Using the WHO 
guidelines for moderate- to vigorous-intensity aerobic 
and muscle-strengthening activities, not meeting any 
guideline was associated with a 34% higher risk of all-
cause mortality (95% CI = 1.09–1.64) and a 68% higher 
risk of cardiovascular mortality (95% CI = 1.00-2.82), 
whereas those satisfying at least one guideline were not 
statistically significantly associated with higher all-cause 
and cause-specific mortality. None of the interactions 
between aerobic and muscle-strengthening guidelines 
was statistically significant (P-interaction ≥ 0.27).

In stratified analysis, similar associations were consis-
tently observed in subgroups defined by sex, age, region, 
income, and BMI. None of the interactions was statisti-
cally significant (Supplemental Tables 4–6). Results were 
also similar in 2-y (Supplementary Tables  7–8) and 5-y 
lag analyses (Supplementary Tables 9–10).

Discussion
In a nationally representative sample of Korean adults, 
we found that aerobic (both including and excluding 
walking), muscle-strengthening, and flexibility physical 
activities were all associated with lower risks of all-cause 
mortality. Engaging in aerobic and flexibility physical 
activities was also associated with lower risk of cardio-
vascular mortality. Compared with participants meet-
ing some guidelines for moderate- to vigorous-intensity 
aerobic and muscle-strengthening activities, not meeting 
any recommended guideline was associated with a 34% 
higher all-cause mortality and a 68% higher cardiovascu-
lar mortality. Our data support the inverse associations 
of aerobic, muscle-strengthening, and flexibility physical 
activities with mortality.

Among the three physical activity types that we exam-
ined, the most pronounced association was observed 
with aerobic physical activity. We observed the inverse 
associations of aerobic physical activity with the risks 
of all-cause, cancer, and cardiovascular mortality. The 
inverse associations with all-cause and cardiovascular 
mortality were also observed at the levels lower than 
those recommended by the WHO physical activity 

Characteristics Total aerobic physical activity (including 
walking; IPAQ guideline)b

Low Moderate High
(n = 13,764) (n = 11,622) (n = 8,993)
N (Percentagec)

 ≥ 10.0 200 (1.5) 1,515 (13.0) 3,637 (40.4)

Muscle-strengthening physical activity, d/wk
 0 11,565 (84.0) 8,438 (72.6) 5,318 (59.1)

 1 754 (5.5) 761 (6.6) 580 (6.5)

 2 629 (4.6) 786 (6.8) 689 (7.7)

 3–4 507 (3.7) 930 (8.0) 1,339 (14.9)

 ≥ 5 309 (2.2) 707 (6.1) 1,067 (11.9)

Flexibility physical activity, d/wk
 0 7,945 (57.7) 5,001 (43.0) 3,216 (35.8)

 1 1,550 (11.3) 1,043 (9.0) 630 (7.0)

 2 1,486 (10.8) 1,440 (12.4) 891 (9.9)

 3–4 1,593 (11.6) 2,031 (17.5) 1,933 (21.5)

 ≥ 5 1,190 (8.7) 2,107 (18.1) 2,323 (25.8)
Abbreviations:

IPAQ, International Physical Activity Questionnaire
a When there were less than 1% of missing data, values were imputed with the most frequent categories: education attainment (0.15%, n = 50), marital status (0.29%, 
n = 101), smoking status (0.04%, n = 13), alcohol drinking (0.24%, n = 82), body mass index (0.27% n = 92), and self-reported health (0.12%, n = 42). Those with missing 
information on occupation status (0.53%, n = 181) were combined into the “unemployed/homemakers/students/others” category.
b The “high” category of total aerobic activity included participants with ≥ 3 days of vigorous-intensity activity achieving total aerobic activity of ≥ 25 MET-h/
wk; or ≥ 7 days of any combination of walking, moderate-intensity, or vigorous-intensity activities achieving total aerobic physical activity of ≥ 50 MET-h/wk. The 
“moderate” category included participants who satisfied at least one of the following 3 criteria: (1) ≥ 3 days of vigorous-intensity activity of at least 20 min/d; (2) ≥ 5 
days of moderate-intensity activity and/or walking of at least 30 min/d; or (3) ≥ 5 days of any combination of walking, moderate-intensity, or vigorous-intensity 
activities achieving total aerobic physical activity of ≥ 10 MET-h/wk. The “low” category included participants who were not meeting criteria for “moderate” and 
“high” categories.
c Values may not sum to 100% due to rounding.
d Metropolitan includes Seoul capital city and 6 other metropolitan cities (Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan). Urban and rural are defined by the 
legal distribution of submunicipal level divisions based on the size of area and population (urban; ‘Dong’, rural; ‘Eup/Myeon’).

Table 1 (continued) 
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guideline [15]. Our finding is consistent with those from 
previous studies that reported even a minimum amount 
of aerobic physical activity is better than none for health 
benefits [28, 29]. In our study, we also observed a stron-
ger inverse association with cardiovascular mortality 
than with cancer mortality. Several potential mechanisms 
may explain the association between aerobic activity and 

mortality. Aerobic physical activity is associated with 
lower blood pressure [30, 31], reduced inflammation 
[32–34], insulin sensitivity [35, 36], and improved lipid 
profile [34, 37] and endothelial function [38, 39], leading 
to lower risks of atherosclerosis and thrombosis. Aerobic 
physical activity is also associated with lower body fat [2, 
3], while excess body fat is an important risk factor for 

Table 2 Age- and sex-adjusted prevalence of type 2 diabetes, hypertension, and dyslipidemia at baseline according to physical 
activity categories
Prevalent conditions at baseline

N Type 2 
diabetes,a 
%

Hypertension,b 
%

Dyslipidemia,c 
%

Number of 
prevalent health 
conditionsd 
(0–3), mean ± SE

Total aerobic physical activity (including walking; IPAQ guideline)e

Low 13,764 10.7 29.9 44.4 0.85 ± 0.007

Moderate 11,622 10.8 29.8 42.3 0.83 ± 0.007

High 8993 9.6 29.5 40.5 0.80 ± 0.008

P valuef 0.003 0.76 < 0.001 < 0.001

Moderate- to vigorous-intensity aerobic physical activity (MET-h/wk)g

0 16,926 11.3 29.8 43.2 0.84 ± 0.006

0.1–4.9 1988 10.1 30.1 44.3 0.85 ± 0.017

5.0-9.9 2134 8.9 29.2 42.2 0.80 ± 0.017

10.0-19.9 3121 9.6 30.5 42.7 0.83 ± 0.014

20.0-49.9 5309 9.5 29.7 43.0 0.82 ± 0.011

≥ 50.0 4901 9.8 29.5 40.0 0.79 ± 0.011

P valuef < 0.001 0.89 < 0.001 0.001

Muscle-strengthening physical activity (d/wk)
0 25,321 10.6 30.0 43.3 0.84 ± 0.005

1 2095 9.9 29.6 41.5 0.81 ± 0.017

2 2104 9.6 28.3 42.6 0.80 ± 0.017

3–4 2776 10.2 27.9 39.9 0.78 ± 0.015

≥ 5 2083 10.4 31.4 39.7 0.82 ± 0.017

P valuef 0.52 0.02 < 0.001 < 0.001

Flexibility physical activity (d/wk)
0 16,162 10.9 30.3 43.4 0.85 ± 0.006

1 3223 10.2 29.9 43.3 0.83 ± 0.014

2 3817 10.0 29.3 42.0 0.81 ± 0.012

3–4 5557 9.9 28.6 42.0 0.81 ± 0.010

≥ 5 5620 10.0 29.7 41.3 0.81 ± 0.010

P valuef 0.08 0.12 0.03 0.001
Abbreviations: SE, Standard Error; IPAQ, International Physical Activity Questionnaire; MET, metabolic equivalent task
a Type 2 diabetes was defined as those who reported a prior diagnosis of type 2 diabetes, were currently taking diabetic medication, or had measured fasting blood 
glucose concentrations ≥ 126 mg/dL or HbA1c ≥ 6.5% at baseline.
b Hypertension was defined as having a prior diagnosis of hypertension, currently taking antihypertensive medication, or having a measured systolic blood 
pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg at baseline.
c Dyslipidemia was defined as having a prior diagnosis of dyslipidemia, currently taking medication or on treatment, or having measured total cholesterol 
concentrations ≥ 240 mg/dL, triglyceride concentrations ≥ 200 mg/dL, LDL cholesterol concentrations ≥ 160 mg/dL, or HDL cholesterol concentrations ≤ 40 mg/dL.
d Summed number of prevalent health conditions (type 2 diabetes, hypertension, and dyslipidemia)
e The “high” category of total aerobic activity included participants with ≥ 3 days of vigorous-intensity activity achieving total aerobic activity of ≥ 25 MET-h/
wk; or ≥ 7 days of any combination of walking, moderate-intensity, or vigorous-intensity activities achieving total aerobic physical activity of ≥ 50 MET-h/wk. The 
“moderate” category included participants who satisfied at least one of the following 3 criteria: (1) ≥ 3 days of vigorous-intensity activity of at least 20 min/d; (2) ≥ 5 
days of moderate-intensity activity and/or walking of at least 30 min/d; or (3) ≥ 5 days of any combination of walking, moderate-intensity, or vigorous-intensity 
activities achieving total aerobic physical activity of ≥ 10 MET-h/wk. The “low” category included participants who were not meeting criteria for “moderate” and 
“high” categories.
fP value was estimated by F test for ANOVA.
g Walking was not included when estimating MET-h/wk.
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Table 3 Associations between three physical activity types (aerobic, muscle-strengthening, flexibility) and all-cause mortality
Death/person-yeara Model 1b

HR (95% 
CIs)

Model 2c

HR (95% 
CIs)

Model 3d

HR (95% 
CIs)

Total aerobic physical activity (including walking; IPAQ guideline)e

Low 697/123,540 1.00 (ref ) 1.00 (ref ) 1.00 (ref )

Moderate 556/106,556 0.96 
(0.85–1.07)

0.95 
(0.85–1.07)

0.95 
(0.85–1.06)

High 369/85,129 0.89 
(0.78–1.01)

0.88 
(0.78–1.01)

0.88 
(0.78–1.01)

P-trendf 0.07 0.06 0.06

Moderate- to vigorous-intensity aerobic physical activity (MET-h/wk)g

0 1058/152,634 1.00 (ref ) 1.00 (ref ) 1.00 (ref )

0.1–4.9 63/18,353 0.81 
(0.63–1.04)

0.81 
(0.63–1.05)

0.80 
(0.62–1.04)

5.0-9.9 52/19,756 0.64 
(0.48–0.85)

0.65 
(0.49–0.86)

0.65 
(0.49–0.86)

10.0-19.9 80/28,657 0.69 
(0.55–0.87)

0.69 
(0.54–0.87)

0.69 
(0.55–0.87)

20.0-49.9 153/49,192 0.76 
(0.63–0.90)

0.76 
(0.64–0.91)

0.76 
(0.64–0.90)

≥ 50.0 216/46,633 0.82 
(0.70–0.95)

0.82 
(0.71–0.95)

0.81 
(0.70–0.95)

P-trendf < 0.001 < 0.001 < 0.001

Muscle-strengthening physical activity (d/wk)
0 1354/232,365 1.00 (ref ) 1.00 (ref ) 1.00 (ref )

1 37/19,096 0.67 
(0.48–0.94)

0.68 
(0.49–0.95)

0.67 
(0.48–0.94)

2 50/19,110 0.82 
(0.62–1.08)

0.81 
(0.61–1.08)

0.82 
(0.62–1.08)

3–4 75/25,317 0.81 
(0.64–1.04)

0.81 
(0.63–1.03)

0.80 
(0.63–1.02)

≥ 5 106/19,337 0.83 
(0.68–1.02)

0.84 
(0.69–1.03)

0.82 
(0.67–1.01)

P-trendf 0.01 0.01 0.01

Flexibility physical activity (d/wk)
0 1,069/148,736 1.00 (ref ) 1.00 (ref ) 1.00 (ref )

1 62/29,151 0.70 
(0.53–0.91)

0.69 
(0.53–0.91)

0.69 
(0.53–0.91)

2 81/34,676 0.72 
(0.58–0.91)

0.72 
(0.58–0.90)

0.73 
(0.58–0.91)

3–4 149/50,533 0.85 
(0.71–1.01)

0.84 
(0.71–1.01)

0.86 
(0.72–1.02)

≥ 5 261/52,129 0.80 
(0.70–0.92)

0.81 
(0.70–0.93)

0.80 
(0.70–0.93)

P-trendf < 0.001 < 0.001 < 0.001
Abbreviation: CIs, Confidence Intervals; HR, Hazard Ratio; IPAQ, International Physical Activity Questionnaire; MET, metabolic equivalent task
a Person-years may not sum to the total person-years of 315,226 due to rounding.
b Model 1 includes sex (male, female), region (metropolitan, urban, rural), education (less than high school, high school, college or higher), occupation (nonphysical 
labor, physical labor, unemployed/homemakers/students/others), household income level (quartiles 1,2,3,4, missing), marital status (married, never married, 
divorced/separated/widowed), smoking status (never, former, current), alcohol drinking (nondrinkers, 1 time/month, ≥ 2 times/month), and self-rated health (good, 
fair, poor).
c Model 2 includes all variables in Model 1 plus body mass index (< 18.5, 18.5–24.9, ≥ 25.0 kg/m2).
d Model 3 includes all variables in Model 1 plus prevalence of type 2 diabetes (present, absent), hypertension (present, absent), and dyslipidemia (present, absent).
e The “high” category of total aerobic activity included participants with ≥ 3 days of vigorous-intensity activity achieving total aerobic activity of ≥ 25 MET-h/
wk; or ≥ 7 days of any combination of walking, moderate-intensity, or vigorous-intensity activities achieving total aerobic physical activity of ≥ 50 MET-h/wk. The 
“moderate” category included participants who satisfied at least one of the following 3 criteria: (1) ≥ 3 days of vigorous-intensity activity of at least 20 min/d; (2) ≥ 5 
days of moderate-intensity activity and/or walking of at least 30 min/d; or (3) ≥ 5 days of any combination of walking, moderate-intensity, or vigorous-intensity 
activities achieving total aerobic physical activity of ≥ 10 MET-h/wk. The “low” category included participants who were not meeting criteria for “moderate” and 
“high” categories.
fP-trend was estimated using the Wald test for continuous trend variable.
g Walking was not included when estimating MET-h/wk.
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Table 4 Associations between three physical activity types (aerobic, muscle-strengthening, flexibility) and cause-specific mortality 
(cancer- and cardiovascular disease-specific mortality)

Cancer mortality Cardiovascular mortality
Death/per-
son-year a

HR (95% 
CIs)b

Death/person-yeara HR (95% 
CIs)b

Total aerobic physical activity (including walking; IPAQ guideline)c

Low 229/123,540 1.00 (ref ) 168/123,540 1.00 (ref )

Moderate 207/106,556 1.07 
(0.88–1.29)

118/106,556 0.87 
(0.68–1.10)

High 138/85,129 0.96 
(0.77–1.19)

52/85,129 0.56 
(0.40–0.77)

P-trendd 0.81 < 0.001

Moderate- to vigorous-intensity aerobic physical activity (MET-h/wk)e

0 357/152,634 1.00 (ref ) 248/152,634 1.00 (ref )

0.1–4.9 23/18,353 0.89 
(0.58–1.36)

11/18,353 0.65 
(0.35–1.19)

5.0-9.9 21/19,756 0.77 
(0.49–1.19)

-f/19,756 0.45 
(0.22–0.91)

10.0-19.9 27/28,657 0.66 
(0.45–0.98)

16/28,657 0.64 
(0.38–1.06)

20.0-49.9 57/49,192 0.78 
(0.59–1.04)

23/49,192 0.55 
(0.36–0.85)

≥ 50.0 89/46,633 0.96 
(0.75–1.22)

32/46,633 0.55 
(0.37–0.80)

P-trendd 0.15 < 0.001

Muscle-strengthening physical activity (d/wk)
0 452/232,365 1.00 (ref ) 292/232,365 1.00 (ref )

1–2 45/38,206 1.08 
(0.78–1.49)

14/38,206 0.73 
(0.42–1.27)

3–4 36/25,317 1.07 
(0.75–1.51)

11/25,317 0.74 
(0.40–1.36)

≥ 5 41/19,337 0.90 
(0.65–1.26)

21/19,337 0.94 
(0.60–1.47)

P-trendd 0.76 0.45

Flexibility physical activity (d/wk)
0 351/148,736 1.00 (ref ) 245/148,736 1.00 (ref )

1–2 59/63,827 0.85 
(0.64–1.13)

21/63,827 0.52 
(0.33–0.82)

3–4 65/50,533 1.00 
(0.76–1.32)

21/50,533 0.61 
(0.39–0.96)

≥ 5 99/52,129 0.87 
(0.69–1.09)

51/52,129 0.75 
(0.55–1.03)

P-trendd 0.27 0.02
Abbreviation: CIs, Confidence Intervals; HR, Hazard Ratio; IPAQ, International Physical Activity Questionnaire; MET, metabolic equivalent task
a Person-years may not sum to the total person-years of 315,226 due to rounding.
b Adjusted for sex (male, female), region (metropolitan, urban, rural), education (< high school, high school, college or higher), occupation (nonphysical labor, 
physical labor, unemployed/homemakers/students/others), household income level (quartile 1,2,3,4, missing), marital status (married, never married, divorced/
separated/widowed), smoking status (never, former, current), alcohol drinking (nondrinkers, 1 time/month, ≥ 2 times/month), and self-rated health (good, fair, poor)
c The “high” category of total aerobic activity included participants with ≥ 3 days of vigorous-intensity activity achieving total aerobic activity of ≥ 25 MET-h/wk; 
or ≥ 7 days of any combination of walking, moderate-intensity, or vigorous-intensity activities achieving total aerobic physical activity of ≥ 50 MET-h/wk. The 
“moderate” category included participants who satisfied at least one of the following 3 criteria: (1) ≥ 3 days of vigorous-intensity activity of at least 20 min/d; (2) ≥ 5 
days of moderate-intensity activity and/or walking of at least 30 min/d; or (3) ≥ 5 days of any combination of walking, moderate-intensity, or vigorous-intensity 
activities achieving total aerobic physical activity of ≥ 10 MET-h/wk. The “low” category included participants who were not meeting criteria for “moderate” and 
“high” categories.
dP-trend was estimated using the Wald test for continuous trend variable.
e Walking was not included when estimating MET-h/wk.
f Estimates for death count < 10 is not disclosed.
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Table 5 Joint associations of meeting aerobic and muscle-strengthening physical activity guidelines with all-cause and cause-specific 
mortality

All-cause mortality Cancer mortality Cardiovascular 
mortality

Total aerobic activity
(including walking; IPAQ guideline)c

Muscle-
strength-
ening 
activity

Death/
person-yeara

HR (95% 
CIs)b

Death/
person-yeara

HR (95% 
CIs)b

Death/
person-yeara

HR 
(95% 
CIs)b

Low < 2 d/wk 640/110,496 1.28 
(1.02–1.62)

205/110,496 1.07 
(0.74–1.55)

155/110,496 2.04 
(1.08–
3.88)

Low ≥ 2 d/wk 57/13,044 1.04 
(0.74–1.46)

24/13,044 1.06 
(0.63–1.78)

13/13,044 1.94 
(0.85–
4.42)

Moderate < 2 d/wk 469/84,555 1.23 
(0.97–1.55)

167/84,555 1.14 
(0.79–1.65)

100/84,555 1.75 
(0.91–
3.35)

Moderate ≥ 2 d/wk 87/22,001 1.07 
(0.80–1.44)

40/22,001 1.15 
(0.73–1.81)

18/22,001 1.83 
(0.86–
3.90)

High < 2 d/wk 282/56,411 1.16 
(0.91–1.47)

101/56,411 1.03 
(0.70–1.52)

42/56,411 1.17 
(0.59–
2.34)

High ≥ 2 d/wk 87/28,719 1.00 (ref ) 37/28,719 1.00 (ref ) 10/28,719 1.00 (ref )

P-interactionf 0.92 0.99 0.89

Moderate- to vigorous-intensity aerobic physical 
activity (WHO guideline)d

Muscle-
strength-
ening 
activity

Death/
person-yeara

HR (95% 
CIs)b

Death/
person-yeara

HR (95% 
CIs)b

Death/
person-yeara

HR 
(95% 
CIs)b

< 10.0 MET-hr/wk < 2 d/wk 957/135,502 1.34 
(1.09–1.64)

316/135,502 1.06 
(0.78–1.45)

224/135,502 1.68 
(1.00-
2.82)

< 10.0 MET-hr/wk ≥ 2 d/wk 101/17,132 1.10 
(0.84–1.45)

41/17,132 0.98 
(0.65–1.48)

24/17,132 1.72 
(0.92–
3.24)

10.0-19.9 MET-hr/wk < 2 d/wk 100/31,056 1.01 
(0.77–1.32)

37/31,056 0.91 
(0.60–1.40)

18/31,056 1.03 
(0.52–
2.02)

10.0-19.9 MET-hr/wk ≥ 2 d/wk 15/7,053 0.67 
(0.39–1.15)

-e/7,053 0.69 
(0.32–1.53)

-e/7,053 0.32 
(0.05–
2.31)

≥ 20.0 MET-hr/wk < 2 d/wk 334/84,903 1.01 
(0.81–1.25)

120/84,903 0.83 
(0.60–1.16)

55/84,903 0.95 
(0.54–
1.65)

≥ 20.0 MET-hr/wk ≥ 2 d/wk 115/39,579 1.00 (ref ) 53/39,579 1.00 (ref ) 16/39,579 1.00 (ref )

P-interactionf 0.27 0.41 0.50
Abbreviation: CIs, Confidence Intervals; HR, Hazard Ratio; IPAQ, International Physical Activity Questionnaire; MET, metabolic equivalent task
a Person-years may not sum to the total person-years of 315,226 due to rounding.
b Adjusted for sex (male, female), region (metropolitan, urban, rural), education (< high school, high school, college or higher), occupation (nonphysical labor, 
physical labor, unemployed/homemakers/students/others), household income level (quartile 1,2,3,4, missing), marital status (married, never married, divorced/
separated/widowed), smoking status (never, former, current), alcohol drinking (nondrinkers, 1 time/month, ≥ 2 times/month), and self-rated health (good, fair, poor)
c The “high” category of total aerobic activity included participants with ≥ 3 days of vigorous-intensity activity achieving total aerobic activity of ≥ 25 MET-h/wk; 
or ≥ 7 days of any combination of walking, moderate-intensity, or vigorous-intensity activities achieving total aerobic physical activity of ≥ 50 MET-h/wk. The 
“moderate” category included participants who satisfied at least one of the following 3 criteria: (1) ≥ 3 days of vigorous-intensity activity of at least 20 min/d; (2) ≥ 5 
days of moderate-intensity activity and/or walking of at least 30 min/d; or (3) ≥ 5 days of any combination of walking, moderate-intensity, or vigorous-intensity 
activities achieving total aerobic physical activity of ≥ 10 MET-h/wk. The “low” category included participants who were not meeting criteria for “moderate” and 
“high” categories.
d Walking was not included when estimating MET-h/wk.
e Estimates for death count < 10 is not disclosed.
fP-interaction was estimated using the Wald test for product terms between aerobic physical activity (low, moderate, high) and muscle-strengthening physical 
activity (< 2, ≥ 2).
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cardiovascular disease [40, 41] and certain cancer sites 
[42, 43]. In our analysis, the inverse association between 
aerobic activity and mortality persisted after additional 
adjustment for BMI, suggesting that BMI-independent 
pathways (e.g., immune function) may also exist. Stud-
ies have also shown that aerobic physical activity may 
lower the risks of certain cancer sites (bladder, breast, 
colon, endometrial, esophageal adenocarcinoma, gastric 
cardia, and renal cancers)[44–49] and improve cancer 
survival [44, 50–52] by regulating tumor growth and pro-
gression and alleviating adverse events related to cancer 
treatment. In our study, we observed no additional mor-
tality risk reduction at the highest level of physical activ-
ity. Similar to our finding, previous pooled analyses also 
consistently reported no significant additional benefit 
beyond the levels recommended by the physical activ-
ity guidelines [53, 54]. The possible explanation for this 
finding is that there are typically fewer participants at the 
highest level of physical activity and thus the results are 
subject to high random variabilities. It is also possible 
that extremely high levels of physical activity may have 
some negative health effects such as injuries [55, 56], 
fractures [57, 58], and poor sleep quality [59, 60].

Our finding of inverse associations between flex-
ibility physical activity and all-cause and cardiovascular 
mortality is noteworthy in that few studies to date have 
examined the associations. Consistently, a previous fol-
low-up study from the U.S. reported that stretching was 
independently associated with a lower risk of all-cause 
mortality while adjusting for 14 other types of exercise, 
such as soccer, tennis, and golf [61]. Health benefits of 
flexibility physical activity may include reducing risks of 
injuries [16–18] and chronic myofascial pain syndrome 
[62]. Increased body balance and flexibility may also 
reduce the risk of falls and fractures [63, 64] and help 
recovery after injuries [65]. Flexibility training may also 
improve immune function [66, 67], metabolism [68–70], 
and circulatory health [71]. Through deep breathing and 
gentle movements, flexibility exercise is also associated 
with reduced stress and anxiety [66, 72], contributing to 
improved blood pressure recovery from stress [68].

In our study, we observed a marginally significant 
association between high levels of muscle-strengthening 
physical activity and lower mortality. The limited statis-
tical significance in our study may be due to the limited 
sample size. Our study also used muscle-strengthening 
physical activity data that were reported in the number 
of days per week, without information collected on the 
average duration per day. If the frequency (number of 
days) did not correlate with the total duration, misclas-
sification may have occurred and attenuated the associa-
tion. In addition, if the duration per day was very short 
for most participants who performed muscle-strengthen-
ing activity, the risk reduction may not have been large 

enough. Further, the survey did not collect information 
on the specific muscle-strengthening activity performed 
(e.g., push-up, sit-up). Some studies [73–75] suggest the 
potential differences in biological mechanisms among 
different muscle-strengthening activities. In a meta-anal-
ysis that examined the associations of resistance training 
[76], the magnitude of blood pressure reduction var-
ied by the type of muscle contraction, whether dynamic 
(both the length and the tension of the muscles change) 
or static/isometric (the length does not change). In an 
experimental study [77], the associations with blood 
pressure reduction also varied by the intensity of resis-
tance exercise. It is also possible that physical fitness [78] 
or the amount of muscle [79–81] may be more important 
than the engagement level of muscle-strengthening activ-
ity. Further studies are needed to clarify the associations 
related to detailed activity and intensity types of muscle-
strengthening physical activity.

We acknowledge several limitations of our study. We 
used self-reported physical activity data which are sub-
ject to measurement error. However, in our prospective 
analysis, the measurement error is likely to be non-differ-
ential and only underestimated the associations between 
physical activity and mortality. Further, the Korean ver-
sion of the IPAQ questionnaire has been previously vali-
dated against accelerometer measurements [24]. Our 
physical activity data were also collected once at baseline 
and thus we were not able to account for changing pat-
terns of physical activity during the follow-up. Finally, 
given the limited follow-up time, we cannot fully exclude 
the possibility of confounding by subclinical diseases at 
baseline. However, our findings were shown robust after 
excluding deaths that occurred during the first 5 years of 
follow-up.

Despite the limitations, our study has several strengths. 
Our study used a prospective study design and thereby 
reduced possible recall bias. Our results were also shown 
robust after adjustment of potential confounders, includ-
ing demographic, socioeconomic, and lifestyle factors. 
We also considered three different types of physical 
activity, including less-studied activity type, namely flex-
ibility activity. While few studies examined the associa-
tions in Asian populations, we examined the associations 
in Korean adults. Our findings may provide additional 
insights into the health benefits of physical activity in 
Asian populations. Further, by including a nationally rep-
resentative sample of Korean adults, we also increased 
the generalizability of our study finding.

In conclusion, aerobic, muscle-strengthening, and flex-
ibility physical activities were associated with reduced 
risks of all-cause mortality in Korean adults. Additionally, 
aerobic and flexibility activities were also associated with 
lower risks of cardiovascular mortality. Although the cur-
rent physical activity guidelines heavily focus on aerobic 
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and muscle-strengthening physical activities, preventive 
strategies may also promote flexibility physical activity to 
reduce premature deaths in adults.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-023-15969-1.

Supplementary Material 1

Acknowledgements
none.

Authors contributions
YC performed statistical analyses, interpreted the data, and wrote the paper. 
HO designed and supervised the research and made substantial contributions 
to interpretation of data, critical revision, and editing of the manuscript. HJ 
and SK made substantial contributions to critical revision and editing of the 
manuscript. All authors revised manuscript for important intellectual content 
and gave final approval of the version to be published.

Funding
This work was supported by the National Research Foundation of Korea (NRF) 
grant (2019S1A3A2099973). The funder/sponsor did not participate in the 
work.

Data Availability
The datasets used and/or analyzed during the current study are publicly 
available at the Korea Disease Control and Prevention Agency repository 
(https://knhanes.kdca.go.kr). Linkage with mortality data is available after 
approval from the KDCA.

Declarations

Ethics approval and consent to participate
This study was performed in line with the principles of the Declaration of 
Helsinki. This study was approved by the Institutional Review Board of the 
KDCA and Korea University. All participants provided informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Interdisciplinary Program in Precision Public Health, College of Health 
Science, Graduate School of Korea University, Seoul, Republic of Korea
2Department of Epidemiology, Johns Hopkins Bloomberg School of 
Public Health, Baltimore, MD, USA
3Department of Health Policy and Management, College of Health 
Science, Korea University, Seoul, Republic of Korea
4Korea University, 145 Anam-ro, Seongbuk-gu Hana Science Bldg B358, 
Seoul, Republic of Korea

Received: 2 February 2023 / Accepted: 24 May 2023

References
1. Physical activity [https://www.who.int/news-room/fact-sheets/detail/

physical-activity.
2. Kelishadi R, Minasian V, Marandi SM, Farajzadegan Z, Khalighinejad P, 

Shirdavani S, Omidi R. Short-term Effects of a physical activity intervention on 

obesity and aerobic fitness of adolescent girls. Int J Prev Med. 2014;5(Suppl 
2):108–13.

3. Podnar H, Juric P, Karuc J, Saez M, Barcelo MA, Radman I, Starc G, Jurak G, 
Duric S, Potocnik ZL, et al. Comparative effectiveness of school-based inter-
ventions targeting physical activity, physical fitness or sedentary behaviour 
on obesity prevention in 6- to 12-year-old children: a systematic review and 
meta-analysis. Obes Rev. 2021;22(2):e13160.

4. Li R, Li Q, Zhang S, Zhang Y, He P, Zhang Z, Liu M, Zhou C, Ye Z, Wu Q, et 
al. Domestic physical activity and new-onset hypertension: a Nationwide 
Cohort Study in China. Am J Med. 2022;135(11):1362–1370e1366.

5. Tebar WR, Mielke GI, Ritti-Dias RM, Silva KS, Canhin DS, Scarabottolo CC, Mota 
J, Christofaro DGD. Association of high blood pressure with physical activity, 
screen-based sedentary time, and sedentary breaks in a 2-Year cohort of 
Community Dwelling adults. Int J Public Health. 2022;67:1605139.

6. Hernandez B, Scarlett S, Moriarty F, Romero-Ortuno R, Kenny RA, Reilly R. 
Investigation of the role of sleep and physical activity for chronic dis-
ease prevalence and incidence in older irish adults. BMC Public Health. 
2022;22(1):1711.

7. Li C, Ma Y, Hua R, Zheng F, Xie W. Long-term physical activity participation 
and subsequent incident type 2 diabetes Mellitus: a Population-Based Cohort 
Study. Front Endocrinol (Lausanne). 2021;12:769549.

8. Mutie PM, Drake I, Ericson U, Teleka S, Schulz CA, Stocks T, Sonestedt E. Differ-
ent domains of self-reported physical activity and risk of type 2 diabetes in 
a population-based swedish cohort: the Malmo diet and Cancer study. BMC 
Public Health. 2020;20(1):261.

9. Oh H, Arem H, Matthews CE, Wentzensen N, Reding KW, Brinton LA, 
Anderson GL, Coburn SB, Cauley JA, Chen C, et al. Sitting, physical activity, 
and serum oestrogen metabolism in postmenopausal women: the Women’s 
Health Initiative Observational Study. Br J Cancer. 2017;117(7):1070–8.

10. Guo W, Fensom GK, Reeves GK, Key TJ. Physical activity and breast 
cancer risk: results from the UK Biobank prospective cohort. Br J Cancer. 
2020;122(5):726–32.

11. Del Pozo Cruz B, Ahmadi M, Inan-Eroglu E, Huang BH, Stamatakis E. Prospec-
tive Associations of Accelerometer-Assessed physical activity with mortality 
and incidence of Cardiovascular Disease among adults with hypertension: 
the UK Biobank Study. J Am Heart Assoc. 2022;11(6):e023290.

12. Mu X, Yu K, Long P, Niu R, Li W, Chen H, Gao H, Li X, Yuan Y, Yang H, et al. 
Leisure-time physical activity and risk of incident cardiovascular disease in 
chinese retired adults. Sci Rep. 2021;11(1):24202.

13. Yang Y, Dixon-Suen SC, Dugue PA, Hodge AM, Lynch BM, English DR. Physical 
activity and sedentary behaviour over adulthood in relation to all-cause and 
cause-specific mortality: a systematic review of analytic strategies and study 
findings. Int J Epidemiol. 2022;51(2):641–67.

14. Watts EL, Matthews CE, Freeman JR, Gorzelitz JS, Hong HG, Liao LM, McClain 
KM, Saint-Maurice PF, Shiroma EJ, Moore SC. Association of Leisure Time 
physical activity types and risks of All-Cause, Cardiovascular, and Cancer 
Mortality among older adults. JAMA Netw Open. 2022;5(8):e2228510.

15. Organization WH. WHO 2020 guidelines on physical activity and sedentary 
behaviour. Geneva.

16. Jamtvedt G, Herbert RD, Flottorp S, Odgaard-Jensen J, Havelsrud K, Barratt 
A, Mathieu E, Burls A, Oxman AD. A pragmatic randomised trial of stretching 
before and after physical activity to prevent injury and soreness. Br J Sports 
Med. 2010;44(14):1002–9.

17. Azuma N, Someya F. Injury prevention effects of stretching exercise interven-
tion by physical therapists in male high school soccer players. Scand J Med 
Sci Sports. 2020;30(11):2178–92.

18. Baxter C, Mc Naughton LR, Sparks A, Norton L, Bentley D. Impact of stretching 
on the performance and injury risk of long-distance runners. Res Sports Med. 
2017;25(1):78–90.

19. Anshu, Singh N, Deka S, Saraswati P, Sindhwani G, Goel A, Kumari R. The effect 
of yoga on pulmonary function in patients with asthma: a meta-analysis. 
Complement Ther Clin Pract. 2022;50:101682.

20. Sangeethalaxmi MJ, Hankey A. Impact of yoga breathing and relaxation as an 
add-on therapy on quality of life, anxiety, depression and pulmonary func-
tion in young adults with bronchial asthma: a randomized controlled trial. J 
Ayurveda Integr Med 2022:100546.

21. Li C, Liu Y, Ji Y, Xie L, Hou Z. Efficacy of yoga training in chronic obstructive 
pulmonary disease patients: a systematic review and meta-analysis. Comple-
ment Ther Clin Pract. 2018;30:33–7.

22. Kweon S, Kim Y, Jang MJ, Kim Y, Kim K, Choi S, Chun C, Khang YH, Oh K. Data 
resource profile: the Korea National Health and Nutrition Examination Survey 
(KNHANES). Int J Epidemiol. 2014;43(1):69–77.

http://dx.doi.org/10.1186/s12889-023-15969-1
http://dx.doi.org/10.1186/s12889-023-15969-1
https://knhanes.kdca.go.kr
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity


Page 13 of 14Cho et al. BMC Public Health         (2023) 23:1148 

23. Fogelholm M, Malmberg J, Suni J, Santtila M, Kyrolainen H, Mantysaari M, Oja 
P. International Physical Activity Questionnaire: validity against fitness. Med 
Sci Sports Exerc. 2006;38(4):753–60.

24. Chun MY. Validity and reliability of korean version of international physi-
cal activity questionnaire short form in the elderly. Korean J Fam Med. 
2012;33(3):144–51.

25. Armstrong T, Bull F. Development of the World Health Organization Global 
Physical Activity Questionnaire (GPAQ). J Public Health. 2006;14(2):66–70.

26. (WHO) WHO. : Global physical activity questionnaire (GPAQ) analysis guide. 
2017.

27. Committee IR. Guidelines for Data Processing and Analysis of the Inter-
national Physical Activity Questionnaire (IPAQ) – Short and Long Forms. 
2005:1–15.

28. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, Carty 
C, Chaput JP, Chastin S, Chou R, et al. World Health Organization 2020 
guidelines on physical activity and sedentary behaviour. Br J Sports Med. 
2020;54(24):1451–62.

29. Coleman CJ, McDonough DJ, Pope ZC, Pope CA. Dose-response associa-
tion of aerobic and muscle-strengthening physical activity with mortality: a 
national cohort study of 416 420 US adults. Br J Sports Med 2022.

30. Dassanayake S, Sole G, Wilkins G, Gray E, Skinner M. Effectiveness of Physical 
Activity and Exercise on ambulatory blood pressure in adults with resistant 
hypertension: a systematic review and Meta-analysis. High Blood Press 
Cardiovasc Prev. 2022;29(3):275–86.

31. Lemes IR, Turi-Lynch BC, Cavero-Redondo I, Linares SN, Monteiro HL. Aerobic 
training reduces blood pressure and waist circumference and increases 
HDL-c in metabolic syndrome: a systematic review and meta-analysis of 
randomized controlled trials. J Am Soc Hypertens. 2018;12(8):580–8.

32. Boeno FP, Ramis TR, Munhoz SV, Farinha JB, Moritz CEJ, Leal-Menezes R, 
Ribeiro JL, Christou DD, Reischak-Oliveira A. Effect of aerobic and resistance 
exercise training on inflammation, endothelial function and ambula-
tory blood pressure in middle-aged hypertensive patients. J Hypertens. 
2020;38(12):2501–9.

33. Dieli-Conwright CM, Parmentier JH, Sami N, Lee K, Spicer D, Mack WJ, Sattler F, 
Mittelman SD. Adipose tissue inflammation in breast cancer survivors: effects 
of a 16-week combined aerobic and resistance exercise training intervention. 
Breast Cancer Res Treat. 2018;168(1):147–57.

34. Ahn N, Kim K. Can active aerobic Exercise reduce the risk of Cardiovascular 
Disease in Prehypertensive Elderly women by improving HDL cholesterol and 
inflammatory markers? Int J Environ Res Public Health 2020, 17(16).

35. Nassis GP, Papantakou K, Skenderi K, Triandafillopoulou M, Kavouras SA, 
Yannakoulia M, Chrousos GP, Sidossis LS. Aerobic exercise training improves 
insulin sensitivity without changes in body weight, body fat, adiponectin, 
and inflammatory markers in overweight and obese girls. Metabolism. 
2005;54(11):1472–9.

36. Kadoglou NP, Iliadis F, Angelopoulou N, Perrea D, Ampatzidis G, Liapis CD, 
Alevizos M. The anti-inflammatory effects of exercise training in patients with 
type 2 diabetes mellitus. Eur J Cardiovasc Prev Rehabil. 2007;14(6):837–43.

37. Nassef Y, Lee KJ, Nfor ON, Tantoh DM, Chou MC, Liaw YP. The impact of Aero-
bic Exercise and Badminton on HDL cholesterol levels in taiwanese adults. 
Nutrients 2020, 12(5).

38. Azadpour N, Tartibian B, Kosar SN. Effects of aerobic exercise training on ACE 
and ADRB2 gene expression, plasma angiotensin II level, and flow-mediated 
dilation: a study on obese postmenopausal women with prehypertension. 
Menopause. 2017;24(3):269–77.

39. Vandercappellen EJ, Koster A, Savelberg H, Eussen S, Dagnelie PC, Schaper 
NC, Schram MT, van der Kallen CJH, van Greevenbroek MMJ, Wesselius A, et 
al. Sedentary behaviour and physical activity are associated with biomarkers 
of endothelial dysfunction and low-grade inflammation-relevance for (pre)
diabetes: the Maastricht Study. Diabetologia. 2022;65(5):777–89.

40. Kim MS, Kim WJ, Khera AV, Kim JY, Yon DK, Lee SW, Shin JI, Won HH. Associa-
tion between adiposity and cardiovascular outcomes: an umbrella review 
and meta-analysis of observational and mendelian randomization studies. 
Eur Heart J. 2021;42(34):3388–403.

41. Mahabadi AA, Massaro JM, Rosito GA, Levy D, Murabito JM, Wolf PA, 
O’Donnell CJ, Fox CS, Hoffmann U. Association of pericardial fat, intrathoracic 
fat, and visceral abdominal fat with cardiovascular disease burden: the Fram-
ingham Heart Study. Eur Heart J. 2009;30(7):850–6.

42. Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini F, Straif K. 
International Agency for Research on Cancer Handbook Working G: body 
fatness and Cancer–viewpoint of the IARC Working Group. N Engl J Med. 
2016;375(8):794–8.

43. Byun D, Hong S, Ryu S, Nam Y, Jang H, Cho Y, Keum N, Oh H. Early-life 
body mass index and risks of breast, endometrial, and ovarian can-
cers: a dose-response meta-analysis of prospective studies. Br J Cancer. 
2022;126(4):664–72.

44. McTiernan A, Friedenreich CM, Katzmarzyk PT, Powell KE, Macko R, Buchner 
D, Pescatello LS, Bloodgood B, Tennant B, Vaux-Bjerke A, et al. Physical activity 
in Cancer Prevention and Survival: a systematic review. Med Sci Sports Exerc. 
2019;51(6):1252–61.

45. Moore SC, Lee IM, Weiderpass E, Campbell PT, Sampson JN, Kitahara CM, 
Keadle SK, Arem H, Berrington de Gonzalez A, Hartge P, et al. Association of 
leisure-time physical activity with risk of 26 types of Cancer in 1.44 million 
adults. JAMA Intern Med. 2016;176(6):816–25.

46. Schmid D, Behrens G, Keimling M, Jochem C, Ricci C, Leitzmann M. A system-
atic review and meta-analysis of physical activity and endometrial cancer risk. 
Eur J Epidemiol. 2015;30(5):397–412.

47. Singh S, Devanna S, Edakkanambeth Varayil J, Murad MH, Iyer PG. Physical 
activity is associated with reduced risk of esophageal cancer, particularly 
esophageal adenocarcinoma: a systematic review and meta-analysis. BMC 
Gastroenterol. 2014;14:101.

48. Psaltopoulou T, Ntanasis-Stathopoulos I, Tzanninis IG, Kantzanou M, 
Georgiadou D, Sergentanis TN. Physical activity and gastric Cancer risk: a 
systematic review and Meta-analysis. Clin J Sport Med. 2016;26(6):445–64.

49. Behrens G, Leitzmann MF. The association between physical activ-
ity and renal cancer: systematic review and meta-analysis. Br J Cancer. 
2013;108(4):798–811.

50. Kenfield SA, Stampfer MJ, Giovannucci E, Chan JM. Physical activity and 
survival after prostate cancer diagnosis in the health professionals follow-up 
study. J Clin oncology: official J Am Soc Clin Oncol. 2011;29(6):726–32.

51. Takemura N, Chan SL, Smith R, Cheung DST, Lin CC. The effects of physical 
activity on overall survival among advanced cancer patients: a systematic 
review and meta-analysis. BMC Cancer. 2021;21(1):242.

52. Borch KB, Braaten T, Lund E, Weiderpass E. Physical activity before and after 
breast cancer diagnosis and survival - the norwegian women and cancer 
cohort study. BMC Cancer. 2015;15:967.

53. Arem H, Moore SC, Patel A, Hartge P, Berrington de Gonzalez A, Visvanathan 
K, Campbell PT, Freedman M, Weiderpass E, Adami HO, et al. Leisure time 
physical activity and mortality: a detailed pooled analysis of the dose-
response relationship. JAMA Intern Med. 2015;175(6):959–67.

54. Moore SC, Patel AV, Matthews CE, Berrington de Gonzalez A, Park Y, Katki HA, 
Linet MS, Weiderpass E, Visvanathan K, Helzlsouer KJ, et al. Leisure time physi-
cal activity of moderate to vigorous intensity and mortality: a large pooled 
cohort analysis. PLoS Med. 2012;9(11):e1001335.

55. Cai W, Chen S, Li L, Yue P, Yu X, Gao L, Yang W, Jia C, Gao Y. Gender-specific 
physical activity-related injuries and risk factors among university students 
in China: a multicentre population-based cross-sectional study. BMJ Open. 
2020;10(12):e040865.

56. Knapik JJ, Hauret KG, Canada S, Marin R, Jones B. Association between ambu-
latory physical activity and injuries during United States Army Basic Combat 
Training. J Phys Act Health. 2011;8(4):496–502.

57. LaMonte MJ, Wactawski-Wende J, Larson JC, Mai X, Robbins JA, LeBoff MS, 
Chen Z, Jackson RD, LaCroix AZ, Ockene JK, et al. Association of Physical 
Activity and Fracture Risk among Postmenopausal Women. JAMA Netw 
Open. 2019;2(10):e1914084.

58. Jordan S, Lim L, Berecki-Gisolf J, Bain C, Seubsman SA, Sleigh A, Banks E, 
Thai Cohort T. Body mass index, physical activity, and fracture among 
young adults: longitudinal results from the thai cohort study. J Epidemiol. 
2013;23(6):435–42.

59. Oda S, Shirakawa K. Sleep onset is disrupted following pre-sleep exercise 
that causes large physiological excitement at bedtime. Eur J Appl Physiol. 
2014;114(9):1789–99.

60. Dubinina E, Korostovtseva LS, Rotar O, Amelina V, Boyarinova M, Bochkarev M, 
Shashkova T, Baranova E, Libis R, Duplyakov D, et al. Physical activity is Associ-
ated with Sleep Quality: results of the ESSE-RF Epidemiological Study. Front 
Psychol. 2021;12:705212.

61. Sheehan CM, Li L. Associations of Exercise types with all-cause mortality 
among U.S. adults. Med Sci Sports Exerc. 2020;52(12):2554–62.

62. Buranruk O. A randomized clinical trial of self-stretching with and without 
mindful breathing - immediate effect on pressure pain and range of motion 
in myofascial pain syndrome. J Bodyw Mov Ther. 2022;32:29–35.

63. Sherrington C, Fairhall N, Wallbank G, Tiedemann A, Michaleff ZA, Howard K, 
Clemson L, Hopewell S, Lamb S. Exercise for preventing falls in older people 



Page 14 of 14Cho et al. BMC Public Health         (2023) 23:1148 

living in the community: an abridged Cochrane systematic review. Br J Sports 
Med. 2020;54(15):885–91.

64. Youm C, Kim Y, Noh B, Lee M, Kim J, Cheon SM. Impact of trunk resistance and 
stretching Exercise on fall-related factors in patients with Parkinson’s Disease: 
a Randomized Controlled Pilot Study. Sens (Basel) 2020, 20(15).

65. Afonso J, Claudino JG, Fonseca H, Moreira-Goncalves D, Ferreira V, Almeida 
JM, Clemente FM, Ramirez-Campillo R. Stretching for recovery from Groin 
Pain or Injury in athletes: a critical and systematic review. J Funct Morphol 
Kinesiol 2021, 6(3).

66. Eda N, Ito H, Shimizu K, Suzuki S, Lee E, Akama T. Yoga stretching for improv-
ing salivary immune function and mental stress in middle-aged and older 
adults. J Women Aging. 2018;30(3):227–41.

67. Eda N, Ito H, Akama T. Beneficial Effects of yoga stretching on salivary 
stress hormones and parasympathetic nerve activity. J Sports Sci Med. 
2020;19(4):695–702.

68. Benvenutti MJ, Alves EDS, Michael S, Ding D, Stamatakis E, Edwards KM. A 
single session of hatha yoga improves stress reactivity and recovery after an 
acute psychological stress task-A counterbalanced, randomized-crossover 
trial in healthy individuals. Complement Ther Med. 2017;35:120–6.

69. Yadav RK, Magan D, Yadav R, Sarvottam K, Netam R. High-density lipoprotein 
cholesterol increases following a short-term yoga-based lifestyle interven-
tion: a non-pharmacological modulation. Acta Cardiol. 2014;69(5):543–9.

70. Bijlani RL, Vempati RP, Yadav RK, Ray RB, Gupta V, Sharma R, Mehta N, Mahapa-
tra SC. A brief but comprehensive lifestyle education program based on yoga 
reduces risk factors for cardiovascular disease and diabetes mellitus. J Altern 
Complement Med. 2005;11(2):267–74.

71. Sarvottam K, Magan D, Yadav RK, Mehta N, Mahapatra SC. Adiponectin, 
interleukin-6, and cardiovascular disease risk factors are modified by a short-
term yoga-based lifestyle intervention in overweight and obese men. J Altern 
Complement Med. 2013;19(5):397–402.

72. Vadiraja HS, Raghavendra RM, Nagarathna R, Nagendra HR, Rekha M, Vanitha 
N, Gopinath KS, Srinath BS, Vishweshwara MS, Madhavi YS, et al. Effects of 
a yoga program on cortisol rhythm and mood states in early breast cancer 

patients undergoing adjuvant radiotherapy: a randomized controlled trial. 
Integr Cancer Ther. 2009;8(1):37–46.

73. Anderson K, Behm DG. Trunk muscle activity increases with unstable squat 
movements. Can J Appl Physiol. 2005;30(1):33–45.

74. da Silva JJ, Schoenfeld BJ, Marchetti PN, Pecoraro SL, Greve JMD, Marchetti 
PH. Muscle activation differs between partial and full back squat Exercise 
with External load equated. J Strength Cond Res. 2017;31(6):1688–93.

75. Aspe RR, Swinton PA. Electromyographic and kinetic comparison of the back 
squat and overhead squat. J Strength Cond Res. 2014;28(10):2827–36.

76. Cornelissen VA, Fagard RH, Coeckelberghs E, Vanhees L. Impact of resistance 
training on blood pressure and other cardiovascular risk factors: a meta-
analysis of randomized, controlled trials. Hypertension. 2011;58(5):950–8.

77. de Souza Nery S, Gomides RS, da Silva GV, de Moraes Forjaz CL, Mion D Jr, 
Tinucci T. Intra-arterial blood pressure response in hypertensive sub-
jects during low- and high-intensity resistance exercise. Clin (Sao Paulo). 
2010;65(3):271–7.

78. Blair SN, Kohl HW 3rd, Barlow CE, Paffenbarger RS Jr, Gibbons LW, Macera CA. 
Changes in physical fitness and all-cause mortality. A prospective study of 
healthy and unhealthy men. JAMA. 1995;273(14):1093–8.

79. Oh H, Kwak SY, Jo G, Lee J, Park D, Lee DH, Keum N, Lee JT, Giovannucci 
EL, Shin MJ. Adiposity and mortality in korean adults: a population-based 
prospective cohort study. Am J Clin Nutr. 2021;113(1):142–53.

80. Camargo Pereira C, Pagotto V, de Oliveira C, Silveira EA. Low muscle 
mass and mortality risk later in life: a 10-year follow-up study. PLoS ONE. 
2022;17(7):e0271579.

81. Abramowitz MK, Hall CB, Amodu A, Sharma D, Androga L, Hawkins M. Muscle 
mass, BMI, and mortality among adults in the United States: a population-
based cohort study. PLoS ONE. 2018;13(4):e0194697.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Aerobic, muscle-strengthening, and flexibility physical activity and risks of all-cause and cause-specific mortality: a population-based prospective cohort of Korean adults
	Abstract
	Introduction
	Methods
	Study population
	Mortality assessment
	Physical activity assessment
	Prevalent health conditions
	Statistical analysis

	Results
	Participant characteristics
	Physical activity type and all-cause mortality
	Physical activity type and cause-specific mortality
	Physical activity guidelines and mortality

	Discussion
	References


