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Abstract

Background: Few studies have examined the association between physical activity (PA) and various causes of
mortality in Korea. The aim of our study was to evaluate mortality and causes of death between PA and insufficient
PA using Korean national cohort data.

Methods: The health screening cohort data from the Korean National Health Insurance Service-National Sample
Cohort from 2009 to 2015 were used. ‘PA’ was determined if participants walked or performed moderate-intensity
activity ≥5 d/week for ≥30 min, or vigorous-intensity activity ≥3 d/week for ≥20 min. Other participants were
classified as ‘insufficient PA’. The PA and insufficient PA groups were matched by age, sex, income, and region of
residence in a 1:1 ratio. Causes of death were classified into 13 categories. Crude and adjusted hazard ratios (HRs)
with 95% confidence intervals (CIs) for all mortality rates were analyzed using a stratified Cox proportional hazard
model. Age, sex, income, and region of residence were stratified. Subgroup analyses were performed according to
age, sex, and obesity status. The odds ratio according to the causes of death was calculated by the chi-square test.

Results: The adjusted HR for mortality in the PA group was 0.85 (95% CI = 0.82–0.88). In subgroup analyses
according to age, sex, and obesity status, results were consistent with the main findings in < 60-year-old females, ≥
60-year-old males and females, and in all subgroups by obesity. The death rate by neoplasm, mental diseases,
neurologic disease, circulatory disease, respiratory disease, digestive disease, abnormal finding, and trauma were
lower in the PA than the insufficient PA group.

Conclusions: These results suggest that PA is inversely associated with mortality caused specifically by diseases
reflected by mental, respiratory, cancer, and cardiovascular conditions. Additionally, PA is inversely associated with
mortality compared to insufficient PA in all obesity status.
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Background
Physical activity (PA) reduces the risk of diseases, such as
type 2 diabetes, cardiovascular disease, cancers, musculo-
skeletal disease, and depression. Moreover, physical in-
activity is one of the five leading global risks for mortality
[1]. In worldwide, physical inactivity is the main cause or
risk factor for approximately 30% of ischemic heart disease
burden, 21–25% of breast and colon cancers, and 6% of
deaths [2]. Thus, PA can be one of the factors that extends
lifespan. Indeed, increasing evidence has demonstrated
that PA can decrease mortality, especially mortality from
cardiovascular disease and cancer [3, 4]. A review study
reported that PA was associated with a risk reduction of
35% (95% confidence intervals [CIs] = 30–40) for mortality
due to cardiovascular disease and 33% (95% CI = 28–37)
for all-cause mortality [4]. Another review study reported
that high levels of PA combined with other positive life-
style choices resulted in a 50% lower incidence of death
from cardiovascular disease, and a similar outcome was
found for cancer risk [3].
Likewise, several studies from Korea confirmed that

PA could decrease all-cause and certain causes of death.
In the Korean Metabolic Syndrome Mortality Study co-
hort data, exercise could decrease mortality by approxi-
mately 17–33% in various cancers, including esophageal,
liver, lung, colorectal, and stomach cancers [5]. The all-
cause mortality was evaluated according to PAs by
adjusting for age, sex, and health-related behavior fac-
tors, including smoking, alcohol intake, and nutritional
risk, using Korean older adult data [6]. According to the
hospital data in Korea, the mortality in Korean men was
37% lower in the regular PA group than in the non-
regular PA group [7].
However, only one study has investigated the associ-

ation between cause specific mortality and PA using co-
hort data from United State [8]. In addition, no studies
have examined the mortality comparing PA and
matched insufficient PA groups. The purpose of our
study was to identify the mortality and causes of death
between PA and insufficient PA groups according to 13
categories based on the International Classification of
Diseases, 10th edition (ICD-10) using the health screen-
ing cohort from the Korean National Health Insurance
Service-National Sample Cohort (NHIS-NSC) data. Mor-
tality was compared between the PA and insufficient PA
participants matched at a 1:1 ratio for age, sex, income,
and region of residence.

Methods
Study population and participant selection
The ethics committee of Hallym University (HALLYM
2019–08-029) permitted the study. Institutional Review
Board has waived the written consent.

The data for the health screening cohort from the Ko-
rean NHIS-NSC were used. The detail of the Korean
NHIS-NSC have been described elsewhere [9, 10]. The
data included 514,866 participants who randomly se-
lected 10% from approximately 5,150,000 health insur-
ance holders and who had a health screening by NHIS
from 2002 to 2003 in Korea. Those participants were
followed up from 2002 to 2015. In 2002 to 2003, the
participants were 40 to 79 years old. Among the cohort
data, we excluded the participants from 2002 to 2008 be-
cause the contents for PA information were different
(n = 65,180). Hence, we used 449,686 participant data
from 2009 to 2015.
Participants were excluded if the ID was missing (n =

1), the records for the health checkup date had an error
(n = 1), or the participants did not have PA information
(n = 7887). In total, 169,891 participants were included
in the PA group, and 271,906 participants were included
in the insufficient PA group. We used matching method
that was used in our previous studies [11, 12]. PA and
insufficient PA groups were matched in the ratio of 1:1
by age, sex, income, and region of residence. Insufficient
PA participants were sorted by random number order to
minimize selection bias. The index date of each PA par-
ticipant was defined as the time that the information
was collected. Each insufficient PA participants were
assigned the same index date as each matched PA par-
ticipant. During the matching process, 2478 PA partici-
pants and 104,493 insufficient PA participants were
excluded. Finally, 167,413 participants in the PA group
were matched at a 1:1 ratio with 167,413 participants in
the insufficient PA group (Fig. 1).

Determination of physical activity and insufficient
physical activity
The PA information was collected using a modified
International Physical Activity Questionnaire (IPAQ)
[13]. We used PA information from the first record of
health screening. ‘PA’ was defined as participants who
walked ≥5 d/week for ≥30 min, performed a moderate-
intensity activity ≥5 d/week for 30 min, or performed a
vigorous-intensity activity ≥3 d/week for 20 min, refer-
ring to the IPAQ. Other participants were classified in
the ‘insufficient PA’ group.

Classification of causes of death
The classification of cause specific mortality has been
described elsewhere [14]. The casus of death were classi-
fied into 12 categories according to the Korean standard
classification of diseases which is based on the ICD-10
codes (Additional file 1). Additionally, participants were
classified as ‘others’ in our study if their death code was
as follows: D50–D89 (diseases of the blood and blood-
forming organs and certain disorders involving the
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immune mechanism); L00–L99 (diseases of the skin and
subcutaneous tissue); Q44 or Q61 (other malforma-
tions); or missing.

Covariates
Regarding the age group category, because the data were
first collected from 2002 to 2003 from individuals aged
40 to 79 years, the age of participants was ≥45 years old
in 2008. Therefore, age group was classified into 5-year
intervals starting from 45 years old (e.g., 45–49, 50–54,
…, and 85+ years). Income group and region of resi-
dence were categorized as our previous study [15].
Tobacco smoking, alcohol consumption, and obesity

based on body mass index (BMI, kg/m2) [16] were classi-
fied in the same way as the previous study [17].
The Charlson Comorbidity Index (CCI) contains 17

diseases to measure burden of comorbidities. The index
score was given to each participant according to the se-
verity and number of diseases. Participants were scored
1, 2, 3, or 6 according to the severity of each comorbid-
ity. If comorbidities were ≥ 2 in one participant, then the

scores were summed. Therefore, the higher scores of
CCI, the more severe and various were the comorbidi-
ties. The CCI was measured as a continuous variable
(minimum = 0 [no comorbidity], maximum = 15 [7 to 8
comorbidities]) [18, 19].

Statistical analyses
The general characteristics of study participants were
presented using the chi-square test and independent t
test.
A comparison of the cumulative mortality in the PA

and insufficient PA groups was visualized using a
Kaplan-Meier survival analysis and the statistical signifi-
cance was examined using the log-rank test.
A stratified Cox proportional hazard model was used

to analyze the hazard ratios (HRs) with 95% confidence
intervals (CIs) for mortality in the PA group compared
to those in the insufficient PA group. In this analysis,
the crude and adjusted models (adjusted for obesity,
smoking status, alcohol consumption, and CCI scores)

Fig. 1 A schematic illustration of the participant selection process that was used in the present study. Of a total of 514,866 participants, 167,413
of physical activity (PA) participants were matched with 167,413 insufficient PA participants for age, sex, income, and region of residence
Abbreviations: NHIS-NSC, Korean National Health Insurance Service-National Sample Cohort; PA, physical activity.
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were calculated. The analysis was stratified by age, sex,
income, and region of residence.
For the subgroup analyses, we re-grouped participants

by age and sex (< 60 years old and ≥ 60 years old; males
and females) and analyzed the crude and adjusted
models with a stratified Cox model.
Additionally, subgroup analyses according to obesity

(underweight, normal weight, overweight, obese I, and
obese II) were performed using crude and adjusted
models (adjusted for age, sex, income, region of resi-
dence, smoking status, alcohol consumption, and CCI
scores). In these analyses, we used an unstratified Cox
model.
Death rates according to cause specific mortality were

calculated using the chi-square test. The false discovery
rate was used to adjust for incorrect rejections of the
null hypothesis. The odds ratios (ORs) with 95% CIs for
all-cause mortality and each cause of mortality were cal-
culated using the chi-square test.
Significance for a two-sided test was determined with

a P-value < 0.05. For statistical analyses, we used SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
The mean follow-up period for the PA group was 65.18
months (standard deviation [SD] = 15.69 months) and
for insufficient PA group was 64.92 months (SD = 16.05
months).
The rate of death was significantly lower in the PA

group (5483/167,413 [3.3%]) than in the insufficient PA
group (6781/167,413 [4.1%], P < 0.001, Table 1). The cu-
mulative survival rate was lower (log-rank test, P <
0.001) in the insufficient PA group than in the PA group
in the Kaplan-Meier survival analysis (Fig. 2).
The adjusted HR for mortality in the PA group was

significantly lower than the insufficient PA group (0.85,
95% CI = 0.82–0.88, P < 0.001). In subgroup analyses
among age and sex subgroups, the results were consist-
ent with the above findings in < 60 years old female
group and ≥ 60 years old male and female groups
(P < 0.05, Table 2).
Subgroup analyses according to obesity were per-

formed. The adjusted HRs for mortality were lower in
the PA group than in the insufficient PA group in all
obesity subgroups (P < 0.01, Table 3).
The OR for all-cause mortality was 0.80 (95% CI =

0.77–0.83, P < 0.001) in the PA group. Mortality caused
by a neoplasm, mental disease, neurologic disease, circu-
latory disease, respiratory disease, digestive disease, ab-
normal finding, and trauma was lower in the PA group
than the insufficient PA group (P < 0.05). The OR for
mortality was the lowest for mental disease (0.47, 95%
CI = 0.31–0.70, P = 0.001) in the PA group. Mortality
caused by infection, metabolic disease, muscular disease,

and genitourinary disease was not statistically significant
between the PA and insufficient PA groups (Table 4).
Specific causes of death rates are presented in the
Additional file 2.

Discussion
We confirmed the association of mortality by matching
PA and insufficient PA participants at a 1:1 ratio by age,
sex, income, and region of residence using Korean na-
tional cohort data. In addition, we investigated various
causes of death, including cancer (neoplasm), circulatory
disease, mental disease, and respiratory disease com-
pared between the PA and insufficient PA groups. We
found that the all-cause mortality in the PA group was
lower than in the insufficient PA group, specifically in
female of all age groups, in older male group, and in all
obesity groups. Among the causes of death, mental dis-
ease had the lowest mortality in the PA group compared
with the insufficient PA group. In addition, respiratory
disease, neurologic disease, circulatory disease, digestive
disease, abnormal finding, trauma, and neoplasm (can-
cer) mortalities were also lower in the PA group than
the insufficient PA group.
In our study, due to the lack of information from sec-

ondary data, PA information was not specifically col-
lected according to the length of time of each intensity
of PA. Although we grouped participants into the PA
group based on the broad definition refer to the IPAQ
criteria [13], the PA group was associated with a lower
risk of mortality than with the insufficient PA group. A
review study has suggested that a large amount of PA
exceeding the recommended amount of PA is better to
lower the mortality risk [20]. Conversely, one study
demonstrated that light-intensity PA (3 to < 9 metabolic
equivalents [METs] hours/week) in older adults (aged 50
to 74 years) may be associated with a lower risk of mor-
tality than with little/no light-intensity PA. Moreover,
the study reported that all-cause mortality was not sig-
nificantly different between light PA and other higher in-
tensity PAs [21]. Therefore, the findings from the above
studies can explain the simplification of the PA group in
our study. We additionally performed subgroup analyses
according to the types of PA performed by the partici-
pants (walking, moderate-intensity activity, vigorous-
intensity activity, and other combinations of PAs) with
each matched insufficient PA participant. As suggested
in previous studies, the risk of all-cause mortality was
lower even in the participants who performed walking, a
simpler and lighter PA than other types of PA
(Additional file 3).
In our study, all-cause mortality including mortality

due to circulatory disease (cardiovascular disease) and
neoplasm (cancer), was lower in PA group compared
with the insufficient PA group. Previous studies reported
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Table 1 General Characteristics of Participants

Characteristics Total participants

PA Insufficient PA P-value

Age (years old, n, %) 1.000

45–49 17,218 (10.3) 17,218 (10.3)

50–54 42,312 (25.3) 42,312 (25.3)

55–59 29,828 (17.8) 29,828 (17.8)

60–64 31,678 (18.9) 31,678 (18.9)

65–69 18,687 (11.2) 18,687 (11.2)

70–74 18,377 (11.0) 18,377 (11.0)

75–79 6289 (3.8) 6289 (3.8)

80–84 2664 (1.6) 2664 (1.6)

85+ 360 (0.2) 360 (0.2)

Sex (n, %) 1.000

Male 93,645 (55.9) 93,645 (55.9)

Female 73,768 (44.1) 73,768 (44.1)

Income (n, %) 1.000

1 (lowest) 24,270 (14.5) 24,270 (14.5)

2 21,864 (13.1) 21,864 (13.1)

3 25,462 (15.2) 25,462 (15.2)

4 34,622 (20.7) 34,622 (20.7)

5 (highest) 61,195 (36.6) 61,195 (36.6)

Region of residence (n, %) 1.000

Urban 79,044 (47.2) 79,044 (47.2)

Rural 88,369 (52.8) 88,369 (52.8)

Obesity (n, %)‡ < 0.001*

Underweight 3331 (2.0) 3778 (2.3)

Normal 58,361 (34.9) 58,312 (34.8)

Overweight 48,046 (28.7) 46,304 (27.7)

Obese I 53,294 (31.8) 54,000 (32.3)

Obese II 4381 (2.6) 5019 (3.0)

Smoking status (n, %) < 0.001*

Nonsmoker 105,936 (63.3) 115,095 (68.8)

Past smoker 34,938 (20.9) 21,688 (13.0)

Current smoker 26,539 (15.9) 30,630 (18.3)

Alcohol consumption < 0.001*

< 1 time a week 96,476 (57.6) 112,334 (67.1)

≥ 1 time a week 70,937 (42.4) 55,079 (32.9)

CCI score (mean, SD) 0.58 (1.29) 0.62 (1.32) < 0.001†

Death 5483 (3.3) 6781 (4.1) < 0.001*

Age < 60 years old, males 853 (1.7) 841 (1.7) 0.769

Age < 60 years old, females 232 (0.6) 266 (0.7) 0.126

Age ≥ 60 years old, males 3296 (7.7) 4165 (9.7) < 0.001*

Age ≥ 60 years old, females 1102 (3.1) 1509 (4.3) < 0.001*

Abbreviations: CCI Charlson comorbidity index, PA physical activity
* Chi-square test. Significance at P < 0.05
† Independent t test. Significance at P < 0.05
‡ Obesity (BMI, body mass index, kg/m2) was categorized as < 18.5 (underweight), ≥ 18.5 to < 23 (normal), ≥ 23 to < 25 (overweight), ≥ 25 to < 30
(obese I), and ≥ 30 (obese II)
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similar results to our study findings [3–5]. Although the
mechanisms between PA and mortality are not fully
understood, various benefits of PA that are important
predictors of chronic disease such as cardiovascular dis-
ease and cancer have been suggested as a link between
PA and decreasing mortality. Some related benefits of
PA are as follows: changing body composition, anti-
inflammatory effects, decreasing biological and psycho-
social stressors that optimize neurogenesis, and an im-
proved immune system [22–24].
Mortality due to mental disease, including Alzheimer’s

disease and dementia, was the lowest among the causes
of mortality in the PA group than the insufficient PA
group in our study. The results from previous studies
are consistent with our study findings. One study found
that mortality was lower in the higher intensity PA
groups (≥ 150min/week for each non-recreational and
recreational PA) than the lower intensity PA group (<
150 min/week for each of non-recreational and recre-
ational PA) in Korean Alzheimer’s disease patients (HR =
0.22, 95% CI = 0.05–0.88, P = 0.033) [25]. Another study

has also reported that improving mental health increases
PA [26]. Brain blood flow increases via PA could lead to
changes in brain metabolism and increases in neural ac-
tivation, thus decreasing the onset of dementia [27].
Hence, PA could prevent or improve mental disease and
thus may decrease mental disease mortality.
The mortality associated with respiratory diseases, specific-

ally influenza, pneumonia, and chronic lower respiratory dis-
eases, was also lower in the PA group than the insufficient
PA group in our study. One study reported that walking ≥2
h/week was associated with a lower respiratory disease mor-
tality [28]. Another study demonstrated that higher amounts
of walking or running were associated with a lower risk of
respiratory disease mortality [29]. Previous studies suggest
that PA could enhance the immune system by increasing
anti-influenza IgG and IgM levels or could inhibit lung
inflammation by reducing inflammatory cytokines and oxi-
dative stress markers [30, 31]. Based on previous studies and
our study result, PA, specifically aerobic PA such as walking,
could lower the risk of respiratory disease mortality by en-
hancing the immune system.

Fig. 2 Kaplan-Meier survival analysis and the log-rank test. The cumulative survival rate was lower in the insufficient physical activity (PA) group
than in the PA groupAbbreviations: PA, physical activity.
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Since most of retirement ages in Korea are 60 years
old, we classified the age group as < 60 years and ≥ 60
years old in our study. The risk of mortality was not sig-
nificant between the PA and insufficient PA groups in
males < 60 years old. Conversely, the risk of mortality
was significantly lower in the PA group than the insuffi-
cient PA group in females < 60 years old. The reason for
the inconsistent findings according to sex may be be-
cause our study data did not specifically classify occupa-
tional PA and leisure time PA in the PA questionnaire.
A previous study defined high occupational PA as indi-
viduals who were taking stairs > 20 floors or walking > 3
km/day at work, often taking stairs and carrying light
stuffs, or exerting a lot of physical effort and frequently
carrying heavy stuffs. The study reported that, unlike
leisure-time PA, the risk of all-cause mortality and car-
diovascular disease mortality was higher in males with a
high occupational PA, while no difference was shown
among the intensity of occupational PAs in females [32].
The cause of different findings between males and fe-
males would be longer and higher intensity work in
males than females [33, 34]. Moreover, exceeding the
recommended times and intensity of PA, such as over 8
h of high-intensity work, may impair cardiovascular
health [35]. Therefore, this so-called PA health paradox

[36, 37] may affect the different study findings between
males and females.
In all obesity categories, including underweight, the

HRs for mortality were lower in the PA group than the
insufficient PA group in our study. The evidence dem-
onstrated that BMI has a U-shaped or J-shaped associ-
ation with higher mortality not only in overweight or
obesity, but also in underweight [38]. Although we could
not find a study that investigated the association be-
tween underweight individuals with physical activity and
mortality, the findings from a previous study show that
the log hazard of death was higher in sedentary men
with lower BMI percentiles than in active men with
lower BMI percentiles [39]. Therefore, underweight indi-
viduals could improve their health by improving physical
activity. Further studies should elucidate the association
between PA and mortality in underweight individuals.
The main strength of our study was using large cohort

data over a 7-year follow-up period. Moreover, we
matched participants in the PA and insufficient PA
groups at a 1:1 ratio by age, sex, income, and region of
residence to independently compare the causes of mor-
tality. In addition, we conducted subgroup analyses ac-
cording to obesity status to identify whether PA with all
obesity status are negatively associated with mortality.

Table 2 Crude and adjusted hazard ratios (95% confidence
interval) for mortality in the physical activity (PA) group
compared with the insufficient PA group with subgroup
analyses according to age and sex

Characteristics Hazard ratios

Crude† P-value Adjusted†‡ P-value

Total participants (n = 334,826)

PA 0.79 (0.77–0.82) < 0.001* 0.85 (0.82–0.88) < 0.001*

Insufficient PA 1.00 1.00

Age < 60 years old, males (n = 101,708)

PA 1.01 (0.92–1.12) 0.772 1.05 (0.95–1.16) 0.323

Insufficient PA 1.00 1.00

Age < 60 years old, females (n = 77,008)

PA 0.87 (0.73–1.04) 0.127 0.81 (0.67–0.96) 0.018*

Insufficient PA 1.00 1.00

Age≥ 60 years old, males (n = 85,582)

PA 0.77 (0.74–0.81) < 0.001* 0.84 (0.80–0.88) < 0.001*

Insufficient PA 1.00 1.00

Age≥ 60 years old, females (n = 70,528)

PA 0.72 (0.66–0.78) < 0.001* 0.78 (0.72–0.84) < 0.001*

Insufficient PA 1.00 1.00

Abbreviations: CCI Charlson comorbidity index, PA physical activity
* Stratified Cox-proportional hazard regression model, significance at P < 0.05
† Models stratified by age, sex, income, and region of residence
‡ A model adjusted for obesity, smoking, alcohol consumption, and CCI scores

Table 3 Subgroup analyses of crude and adjusted hazard ratios
(95% confidence interval) for mortality in the physical activity
(PA) group compared with the insufficient PA group according
to obesity

Characteristics Hazard ratios

Crude P-value Adjusted† P-value

Underweight (n = 7109)

PA 0.77 (0.67–0.88) < 0.001* 0.83 (0.72–0.95) 0.008*

Insufficient PA 1.00 1.00

Normal weight (n = 116,673)

PA 0.81 (0.77–0.86) < 0.001* 0.85 (0.81–0.90) < 0.001*

Insufficient PA 1.00 1.00

Overweight (n = 94,350)

PA 0.85 (0.79–0.91) < 0.001* 0.90 (0.84–0.97) 0.005*

Insufficient PA 1.00 1.00

Obese I (n = 107,294)

PA 0.80 (0.75–0.86) < 0.001* 0.80 (0.75–0.86) < 0.001*

Insufficient PA 1.00 1.00

Obese II (n = 9400)

PA 0.63 (0.50–0.79) < 0.001* 0.72 (0.57–0.92) 0.007*

Insufficient PA 1.00 1.00

Abbreviations: CCI Charlson comorbidity index, PA physical activity
* Unstratified Cox-proportional hazard regression model, significance
at P < 0.05
† A model adjusted for age, sex, income, region of residence, smoking, alcohol
consumption, and CCI scores
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Furthermore, we investigated various causes of mortality
between the PA and insufficient PA groups.
Several limitations of our study should be considered.

First, due to the use of secondary data, we could not cal-
culate the METs in our study. Therefore, we could not
classify the PA group into specific categories. Moreover,
we could not follow-up whether the PA status was main-
tained until the end of the follow-up period because it was
not mandatory for the participants to have a health
screening every year. In addition, PA was not specifically
classified according to whether it was performed during
leisure or occupational time. Due to the use of secondary
data, only participants aged ≥45 years were included. Re-
garding BMI, obesity status may not be correct because
BMI records were replaced with the mean BMI from the
total selected participants for 115 participants with miss-
ing BMI records [40]. Moreover, to preserve the number
of participants, we were unable to perform a subgroup
analysis based on obesity status using the stratified model
because the participants in the PA and insufficient PA
groups did not match according to their obesity status. Be-
cause we performed an observational study, definite caus-
ality between PA and mortality could not be determined.

Conclusion
The results suggest that PA is negatively associated with
mortality, including mortality from not only cancer or car-
diovascular disease, but also diseases such as mental dis-
ease or respiratory disease. In addition, PA is negatively
associated with mortality compared with insufficient PA
for all of obesity status.
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