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Abstract

and unobserved related factors.

Aims In South Korea, around 105,000 individuals experience strokes annually, with over 26,000 deaths and the inci-
dence rate is keep rising due to the aging population. Physical inactivity is a major global health issue, and regular
exercise is known to prevent many diseases, including stroke. Yet, previous observational studies may be biased due
to unobserved factors influencing exercise and stroke occurrence. Therefore, this study aims to examine an impact
of regular physical activity on stroke prevention among South Korean adults using instrumental variable approach
in order to avoid problems with reverse causality and other unobserved confounding factors.

Methods Data were obtained from the 2014 and 2016 Korean Community Health Surveys of 416,032 Korean adults.
Regular exercise was the main independent variable and proximity to exercise facilities is used as an instrument. The
dependent variable, presence of stroke, was defined by a doctor’s diagnosis. Probit regression analyses were per-
formed to examine the associations between the independent variable and both dependent variable and an instru-
ment. Causal effect of regular exercise on stroke prevention were estimated with the bivariate probit regressions using
proximity to exercise facilities as an instrument for regular exercise.

Results Consistent with prior knowledge, proximity to exercise facilities positively influenced regular exercise.

The results from both multivariable probit and bivariate probit models indicate that engaging in regular exercise

has a strong negative effect on the incidence of stroke. The estimated effects of regular physical activity on stroke
prevention range from -0.174 percentage points (ATE) to -0.154 percentage points (ATT) in the bivariate probit model.

Conclusion This study makes an important contribution by providing IV estimates on the effects of conducting
regular exercise on stroke prevention based on a representative sample of South Korean adults. My findings suggest
that conducting regular exercise reduces the risk of stroke even after accounting for the potential reverse causality

Keywords Stroke, Regular exercise, Instrument variable, Proximity to exercise facilities

Introduction

When a stroke occurs, brain cells are deprived of the
necessary oxygen, potentially leading to disabilities
such as difficulty with movement, speech, or cognition,
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and in severe cases, death [1]. In South Korea, approxi-
mately 105,000 individuals experience a new or recurrent
stroke each year, with over 26,000 stroke-related deaths
reported in 2010 [2]. More importantly, due to the rapid
growth of Korea’s elderly population, stroke incidence is
anticipated to keep escalate [3, 4]. The crude incidence
rate of stroke remained around 200 per 100,000 per-
son-years from 2011 to 2015, but it surged to 218.4 per
100,000 person-years in 2019 [5]. To address this growing
burden of stroke, it is crucial to significantly improve the
control and identification of stroke risk factors.
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Physical inactivity is recognized as a significant global
health issue in the modern era. There is an increasing
number of inactive individuals in various nations, which
poses risks to personal health, healthcare utilization, and
overall public healthcare expenses [6]. Undeniable evi-
dence supports the effectiveness of regular physical activ-
ity in preventing numerous diseases, including diabetes,
hypertension, osteoporosis, and even premature death
[7]. A previous study examining the causal relationship
between physical activity and chronic disease develop-
ment found that engaging in vigorous physical activ-
ity is associated with a modest reduction in the risk of
major coronary heart disease [8]. Similarly, another study
reports that increased physical activity lowers blood
pressure in individuals with hypertension, raises high-
density lipoprotein (HDL) cholesterol in a dose—response
manner, and reduces the incidence of diabetes [9]. Con-
sequently, initiatives promoting exercise and intervention
programs aimed at boosting individual physical activity
levels are consistently prioritized by health policymak-
ers worldwide [10]. Meanwhile, numerous observational
studies have identified that physical activity also plays a
significant role in stroke prevention [11, 12]. Engaging
in regular moderate to vigorous intensity physical activ-
ity reduces the risk of a first-ever stroke by 16% among
Korean adults.

Yet, the findings from earlier studies have poten-
tial issues due to unobserved factors linked to both an
individual’s decision to exercise and the occurrence of
stroke. The likelihood of engaging in physical activity is
strongly associated with undisclosed health-related fac-
tors such as an individual’s perspective on health, cur-
rent health status, and healthy lifestyle choices. These
factors are positively correlated with sports activity and
negatively correlated with health issues. Yet, such health
conditions of individuals cannot be fully accounted for in
observational studies, leading to omitted variable bias [6].
Also, the impact of physical activity on stroke is subject
to reverse causality, when correlational studies cannot
establish causality. For instance, there might be a negative
correlation between stroke incidence and physical activ-
ity because individuals who have had a severe stroke may
not be able to engage in regular exercise. More impor-
tantly, given the extensive body of research demonstrat-
ing the positive effects of physical activity on the health
of stroke survivors, individuals with milder strokes may
be more likely to adopt a more active lifestyle than before
[13-15]. This behavioral response introduces heteroge-
neity in the sample, potentially leading to an underes-
timation of the true effect of physical activity on stroke
prevention in observational studies. Notably, the current
evidence on the relationship between physical activ-
ity and stroke prevention is derived exclusively from
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observational studies, which limits the ability to establish
causality.

All issues related to heterogeneity, omitted varia-
bles, omitted variable bias, and reverse causality can be
addressed using instrumental variable (IV) techniques,
provided that a series of critical assumptions are satis-
fied [16]. In the present study, I use instrumental variable
(IV) estimation, using proximity to sports facilities as an
instrument for physical activity. Several previous stud-
ies have demonstrated the relationship between physical
activity and the proximity of exercise facilities across dif-
ferent population groups [13, 17, 18]. Furthermore, the
presence of a stroke is unlikely to be a consequence of an
individual’s proximity to health facilities, except through
the influence of exercise, thereby meeting the critical
assumptions. This approach of using proximity to sports
facilities as an instrument has previously been used in
studies of subjective well-being, healthcare utilization,
and health [19, 20].

Therefore, this study aims to examine an impact of
regular physical activity on stroke among South Korean
adults using a quasi-experimental approach. I use instru-
mental variable (IV) estimation to distinguish health ben-
efit of physical activity from unobserved heterogeneity.

Material and methods

Data and study participants

Data for this study were sourced from the 2014 and 2016
Korea Community Health Survey (KCHS) conducted as
two separate cross-sectional surveys. The KCHS is an
annual national survey designed to assess public health
status and behaviors at the community level since 2008.
The year 2015 was not included in this study due to the
absence of the instrument variable (IV) questionnaire in
that year’s survey. Managed by the Korea Centers for Dis-
ease Control and Prevention, this survey targets adults
aged 19 and older, using interviews from 255 communi-
ties across Korea. The survey employs stratified system-
atic sampling to select sample areas and a systematic
two-step sampling method to choose sample households,
ensuring the sample accurately represents the entire pop-
ulation [21, 22]. The KCHS protocol received approval
from the Institutional Review Board of Korea Centers for
Disease Control and Prevention (2016—10-01-P-A), and
written informed consent was acquired from all partici-
pants of the KCHS. Further details about the KCHS can
be found in other publications [23].

Out of the 457,164 individuals who participated in
the 2014 and 2016 surveys, 451,872 adults remained
after excluding those under 19 years old. Next, 68 indi-
viduals with missing dependent variable data and 3,361
individuals lacking information on the instrumental vari-
able (IV) or independent variables were removed. Finally,
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participants with missing covariates, such as smoking
status, drinking status, and subjective health status, were
excluded. This resulted in a final sample size of 416,239.

Variables

The primary independent variable was regular exercise.
Regular moderate- or high-intensity exercise was cat-
egorized according to the WHO’s physical activity guide-
lines, which recommend more than 150 min per week
of moderate-intensity exercise or more than 75 min per
week of high-intensity exercise [24]. Participants pro-
vided responses to the questions, “On the days when
moderate-intensity exercise was performed, how long did
it last on average?” and “On the days when high-intensity
exercise was performed, how long did it last on average?”.
Using these responses, the average durations of each type
of exercise were calculated. These durations were then
multiplied by responses to the questions, “How many
days a week did you perform moderate/high-intensity
exercise?”. Based on this information, the average total
durations of moderate/high-intensity exercise performed
per week were computed, and participants were catego-
rized into “yes” or “no” groups accordingly.

The demographic characteristics considered in the
study included participants’ age groups (20—39 vyears,
40—59 years, and>60 years) and sex. Socioeconomic
factors encompassed the participants’ education level
(categorized as middle school or lower, high school, and
college or higher), marital status (married, separated or
divorced, or never married), region (urban area, rural
area), and their occupational classification. Occupa-
tions were classified according to the Korean version of
the Standard Classification of Occupations: white-collar
(office work), pink-collar (sales and services), blue-collar
(forestry, fishery, armed forces, and agriculture), and
unemployed [25]. The region was categorized into urban
and rural areas depending on whether it was a metropoli-
tan city.

Health-related characteristics included drinking sta-
tus (heavy drinking, moderate drinking, and light drink-
ing) by average number of days drinking (>2 days/
week,<1 day/week, and 1 day/month, respectively),
smoking status (yes, no), body mass index (BMI [over-
weight or normal]), diabetes (yes, no) and hypertension
(yes, no). Those who reported to currently smoke any
type of cigarettes were classified as “yes” BMI>25 kgm?
was used as the cut-off point in this study, following the
WHO definition for obesity in Asian adults [26]. Diabe-
tes and hypertension were defined depending on answers
to the questions, “Have you ever been diagnosed with
diabetes/hypertension by a doctor?”.

The primary dependent variable in this study was the
presence of stroke. Participants were classified as stroke
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patients if they answered "yes" to either of the following
questions: "Have you ever been diagnosed with stroke by
a doctor?" or "Are you currently receiving medical treat-
ment for stroke?".

In my statistical model for stroke prevention, I use
proximity to exercise facilities as an instrumental vari-
able (IV) for regular physical activity. Participants were
categorized into “yes” or “no” groups based on their
responses to the question, “How difficult was it to find
places to exercise near where you live within the past
year?” Those who answered “very easy” or “relatively
easy” were placed in the “yes” group, while those who
answered “very hard” or “relatively hard” were placed
in the “no” group. My IV strategy relies on the premise
that closer proximity to exercise facilities likely encour-
ages more frequent exercise (instrument relevance), but
should not directly affect the incidence of stroke, given
my controls for health, activity, occupational risk factors,
and other relevant socio-demographic characteristics.

Statistical analysis

Chi-square tests were used to analyze the general charac-
teristics of the study population. Probit regression analy-
ses were performed to examine the association between
my main independent variable, dependent variable, and
instrument and after accounting for potential confound-
ing variables including demographic, socioeconomic, and
health-related characteristics. I then used multivariable
bivariate probit model for my causal IV analysis investi-
gating the impact of physical activity on the presence of
stroke. Lastly, due to the high age dependency of stroke,
I conducted additional robustness check relative to my
main models with different range of population groups
(<=40, 70<). For the bivariate probit models, along
with the coefficients, I also report the average treatment
effect (ATE) and average treatment effects on the treated
(ATT), which represents the impact of physical activity
on stroke among the entire population and among those
who actually engaged in regular exercise, respectively
[27]. Following the simulation evidence from the previ-
ous study, I bootstrapped the standard errors of the ATEs
and ATTs using 500 repetitions to ensure robustness [28].
Results are reported with 95% confidence interval (CI)
and differences were considered statistically significant
with a p-value<0.05. All data analyses were conducted
using R (http://www.r-project.org) and its supported
packages.

Results

Table 1 shows the general characteristics of the study
population. The data included 8,974 participants with
stroke and 407,058 participants without stroke, out of a
total of 416,032 participants. 93,603 (22.5%) participants
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Table 1 General characteristics of study population (n1=416,239)

Variables Total Stroke
Yes No P-value
Total 416,239 (100.0) 9,002 (2.2) 407,237 (97.8)
Regular Exercise <.0001
Yes 93,631 (22.2) 1,336 (1.4 92,295 (98.6)
No 322,608 (75.7) 7,666 (2.4) 314,942 (97.6)
Sex <.0001
Male 183,646 (45.2) 4,558 (2.4 183,646 (97.6)
Female 223,591 (54.8) 4,444 (1.9 223,591 (98.1)
Age (years) <.0001
>60 143,569 (36.3) 7,660 (5.1) 143,569 (94.9)
40-59 161,549 (39.1) 1,267 (0.8) 161,549 (99.2)
20-39 102,119 (24.6) 75 0.1) 102,119 (99.9)
Educational level <.0001
Middle school or less 145,496 (36.6) 6,665 (4.4) 145,496 (95.6)
High school 117,258 (28.5) 1,564 (1.3) 117,258 (98.7)
College or over 144,483 (34.9) 773 (0.5) 144,483 (99.5)
Drinking Status <.0001
Heavy drinking 193,090 (48.0) 6,633 (3.3) 193,090 (96.7)
Moderate drinking 181,437 (44.0) 1,693 (0.9) 181,437 (99.1)
Light drinking 32,710 (8.0) 676 (2.0) 32,710 (98.0)
Occupational classification <.0001
White-collar 81,830 (19.7) 238 (0.3) 81,830 (99.7)
Blue-collar 128,275 (31.3) 2,163 (1.7) 128,275 (98.3)
Pink-collar 52,242 (12.6) 390 (0.7) 52,242 (99.3)
None 144,890 (36.3) 6,211 4.1) 144,890 (95.9)
Marital Status <.0001
Married 282,494 (69.3) 5,965 .1 282,494 (97.9)
Separated or divorced 65,514 (16.4) 2,881 4.2) 65,514 (95.8)
Unmarried 59,229 (14.3) 156 0.3) 59,229 (99.7)
Smoking <.0001
Yes 154,682 (37.2) 4,060 (2.6) 150,622 (97.4)
No 261,557 (62.8) 4,942 (1.9 256,615 (98.1)
Region <.0001
Urban area 103,024 (329 1,643 (1.6) 101,381 (98.4)
Rural area 313,215 (67.1) 7,359 (2.3) 305,856 (97.7)
Diabetes <.0001
Yes 39,679 (10.2) 2,580 6.1) 39,679 (93.9)
No 367,558 (89.8) 6,422 (1.7) 367,558 (98.3)
Hypertension <.0001
Yes 101,054 (25.8) 6,201 (5.8) 101,054 (94.2)
No 306,183 (74.2) 2,801 0.9 306,183 (99.1)
BMI <.0001
Obesity 104,621 (25.7) 2,388 (2.2) 104,621 (97.8)
Normal 302,616 (74.3) 6,614 2.1 302,616 (97.9)

BMI body mass index
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conducted regular exercise while 322.429 (77.5%) did not.
The Chi-square test showed that these differences were
statistically significant.

Table 2 presents the first-stage probit regression results
when ‘regular exercise’ was used as a dependent variable.
In consistent with the general expectations, those living
close to the exercise facilities are more likely to conduct
regular exercise than those living far from the facilities.
Men exercised more than women, while heavy drink-
ers and moderate drinkers exercised less than the light
drinkers. The first-stage F-statistics of the joint signifi-
cance of the instruments were used to assess their rel-
evance. According to the rule of thumb by Staiger and
Stock, the F-statistics should exceed 10 [29]. In this study,
the first-stage F-statistic was above 10, indicating that the
instrumental variable is relevant.

Table 3 presents the associations and causal links
between regular exercise and stroke prevention using
multivariable probit and IV probit models. My esti-
mation results from both models indicate that regular
exercise has a negative effect on the presence of stroke
conditional on all other controls. Those engaging in regu-
lar exercise were less likely to have strokes compared to
those do not regardless of the model specification. Yet,
the preventive impact of regular exercise presented to be
much stronger in the IV probit compared to that of the
probit model (probit: Coef.=—0.100, SE=0.013; bivari-
ate probit: Coef.=—5.651, SE=0.646). For the bivariate
probit models, along with the coefficients, I also report
ATE and ATT. The ATE indicates that the preventive
effect of exercise on stroke across the entire population is
estimated to be —17.4 percentage points. Similarly, the IV
probit model shows an ATT of —15.4 percentage points,
meaning that among those who actually engaged in regu-
lar exercise, the preventive impact on stroke is estimated
to be 15.4 percentage points. All results were statistically
significant.

Table 4 presents the robustness checks for my esti-
mates of the causal effect of exercise on stroke preven-
tion with regard to three alternative specifications of my
empirical models. First, I re-estimated the multivariable
probit and bivariate probit models using a different age
group that is more susceptible to stroke. The estimation
results remained largely unchanged even when focus-
ing on individuals aged 40 to 70 (probit: Coef. =—0.064,
SE=0.014; bivariate probit: Coef.=-7.571, SE=1.003).
As a second robustness check, I explore the potential het-
erogeneity of the causal effect of exercise on stroke pre-
vention across different regions. This analysis is crucial
because individuals living in urban areas are more likely
to have better access to exercise facilities, which could
bias the results if not properly accounted for. The results
remained robust, with statistically significant effects
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Table 2 First-stage regression results for IV

Variables Coef SE P-value

Proximity to Exercise Facilities
Yes 0.046 0.00524 <.0001
No Ref

Sex
Male 0.149 0.00666 <.0001
Female Ref

Age (years)
>60 0.042 0.00899 <.0001
40-59 0.072 0.00690 <.0001
20-39 Ref

Educational level
Middle school or less —-0.073 0.00771 <.0001
High school —0.050 0.00624 <.0001
College or over Ref

Drinking Status
Heavy drinking —-0.011 0.00859 <.0001
Moderate drinking —-0.06 0.00832 <.0001
Light drinking Ref

Occupational classification
White-collar 0.072 0.00713 <.0001
Blue-collar 0430 0.00582 <.0001
Pink-collar 0.228 0.00752 <.0001
None Ref

Marital status
Married 0.050 0.00758 <.0001
Separated or divorced —-0.150 0.00681 <.0001
Unmarried Ref

Smoking
Yes —-0.063 0.00656 <.0001
No Ref

Region
Rural area 0.053 0.00524 <.0001
Urban area Ref

Diabetes
Yes —0.057 0.00787 <.0001
No Ref

Hypertension
Yes —0.040 0.00580 <.0001
No Ref

BMI
Obesity 0.022 0.00508 <.0001
Normal Ref

Coef Coefficient, SE Standard Error

observed in both urban and rural areas, suggesting that
the preventive impact of exercise on stroke is not driven
by region-specific factors.

Lastly, I examine the impact of replacing the main
explanatory variable, regular exercise, with continuous
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Table 3 Results of the probit and bivariate probit regression

Variables Probit Bivariate Probit

Coef SE P-value Coef SE P-value

Regular Exercise

Yes —0.086 0.013 <.0001 -6.219 0.596 <.0001
No Ref Ref

Sex
Male 0.308 0.017 <.0001 0.565 0.029 <.0001
Female Ref Ref

Age (years)
>60 0.905 0.042 <.0001 0.975 0.042 <.0001
40-59 0.559 0.040 <.0001 0.697 0.043 <.0001
20-39 Ref Ref

Educational level
Middle school or less 0.245 0.019 <.0001 0.114 0.023 <.0001
High school 0.084 0.020 04231 —0.004 0.021 0.8417
College or over Ref Ref

Drinking Status
Heavy drinking 0.280 0.019 04231 0.063 0.028 0.0236
Moderate drinking 0.016 0.020 <.0001 -0.106 0.023 <.0001
Light drinking Ref Ref

Occupational classification
White-collar —0467 0.027 <.0001 —0.370 0.029 <.0001
Blue-collar —0.352 0.012 <.0001 0426 0.074 <.0001
Pink-collar —0.33 0.022 <.0001 0.048 0.042 0.2587
None Ref Ref

Marital Status
Unmarried —0.049 0.035 0.168 0.429 0.036 0.239
Separated or divorced 0.046 0.012 <.0001 —-0.181 0.025 <.0001
Married Ref Ref

Smoking
Yes 0.128 0016 <.0001 0.039 0.018 0.029
No Ref Ref

Region
Rural area 0.051 0.013 <.0001 0.127 0.018 <.0001r
Urban area Ref Ref

Diabetes
Yes 0172 0.012 <.0001 0.081 0.015 <.0001
No Ref Ref

Hypertension
Yes 0.046 1204.000 <.0001 0.383 0.012 <.0001
No Ref Ref

BMI
Obesity 0.005 0011 0.6438 0.046 0.012 <.0001
Normal Ref Ref

Coef Coefficient, SE Standard Error
2 ATE, Average Treatment Effect: —0.167 (Cl: —0.289, —0.143), ATT, Average Treatment Effect on the Treated: —0.171 (Cl: —0.303, —0.135)

measures to address the potential loss of information variables: the duration of moderate-intensity exercise
associated with the use of a dummy variable. Specifi- in hours and the duration of high-intensity exercise in
cally, I re-estimated the models using two continuous hours. Although the coefficients in both models were
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Table 4 Robustness analysis: results of the probit and bivariate probit regression
Variables Probit Bivariate Probit
Coef SE P-value Coef SE P-value
Using Age Group More Susceptible to Stroke
40-70
Regular Exercise —-0.064 0.014 <.0001 -7.571 1.003 <.0001
No Ref Ref
Using Group from Different Region
Rural area
Regular Exercise -0.090 0.051 <.0001 —4.948 0.726 <.0001
No Ref Ref
Urban area
Regular Exercise -0.134 0.032 <.0001 —3.607 0.856 <.0001
No Ref Ref
Using Continuous Measures of Physical Activity
Exercise duration
Moderate-Intensity Exercise (hours) -0.013 0.002 <.0001 —1.886 0.212 <.0001
High-Intensity Exercise (hours) -0.02 0.003 <.0001 —1.688 0.190 <.0001

Every model includes controls for sex, age, educational level, drinking status, occupational classification, smoking, BMI, region, marital status, hypertension, diabetes

Coef Coefficient, SE Standard Error

slightly lower compared to those from the main estima-
tions, which can be attributed to the majority of respond-
ents not engaging in regular exercise, the results from
both the probit and bivariate probit models remained sta-
tistically significant. Notably, the bivariate probit models
demonstrated a stronger preventive effect, consistently
indicating the presence of heterogeneity and the neces-
sity of instrumental variable models, in line with the find-
ings from the main models.

Discussion

This study examines the causal effect of regular physical
activity on stroke prevention among South Korean adults
using an instrumental variable approach. The findings
indicate that engaging in regular physical activity signifi-
cantly reduces the likelihood of stroke, with estimated
effects ranging from 15.4 to 43.9 percentage points,
depending on the model specification. These results pro-
vide strong evidence that physical activity plays a crucial
role in reducing stroke risk, even after accounting for
potential endogeneity concerns. With the rapid increase
in Korea’s elderly population, the incidence of stroke is
expected to rise, emphasizing the need for targeted pre-
vention strategies. While previous studies have largely
relied on observational methods, they often overlook the
endogenous relationship between physical activity and
stroke. By leveraging data from the 2014 and 2016 KCHS
and incorporating key demographic, socioeconomic,
and health-related variables, this study provides a more
robust estimation of this relationship.

In addition to prevention, engaging in regular physical
activity is also associated with reduced severity of stroke
in the future. According to a previous study, higher lev-
els of pre-stroke physical activity were associated with
a 39-88% reduction in acute infarct growth (measured
within 24 h after stroke admission) and smaller final
infarct volumes (measured one month post-stroke) in
102 ischemic stroke patients [30]. Although the mecha-
nisms mediating the reduction in stroke risk are not fully
understood, substantial evidence suggests that physical
activity influences stroke risk factors. In fact, increased
physical activity is associated with several potential neu-
roprotective mechanisms [31]. The beneficial effects
of physical activity on stroke-related cerebral vascular
function involve a complex interplay of neurogenesis
and angiogenesis that promotes regenerative and repair
mechanisms in the human brain [32]. Individuals with
higher levels of physical activity prior to a stroke expe-
rienced a greater increase in vascular endothelial growth
factors (VEGF) from baseline to 7 days post-stroke. This
increase in VEGF was associated with better functional
outcomes (Modified Rankin Scale (mRS) <2) at 3 months
follow-up and smaller final infarct size [33]. Given that
VEGF plays important roles in neuroprotection, angio-
genesis, and post-ischemic neuronal repair, physical
activity may contribute to neuroprotection, and thereby
stroke prevention, through the upregulation of VEGF
expression [34]. Beyond its neuroprotective effects,
physical activity reduces stroke risk through multiple
physiological pathways. Exercise improves cardiovascular
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health by reducing arterial stiffness, enhancing endothe-
lial function, and lowering blood pressure, all of which
reduce cerebrovascular risk [35]. Additionally, it regu-
lates immune responses by lowering pro-inflammatory
cytokines such as C-reactive protein (CRP) and tumor
necrosis factor-alpha (TNF-a), while increasing anti-
inflammatory markers like interleukin-10 (IL-10), which
contribute to vascular protection [36]. These mecha-
nisms reinforce the systemic benefits of exercise in stroke
prevention.

By using an instrument variable approach, I could argu-
ably provide better estimates of the relationship between
exercise and stroke than could have done without an
instrument. Nevertheless, instrumental variable analyses
are based on the strength of the association between the
instrument and the exposure, and on several key assump-
tions [37]. Both my data and previous studies present a
strong association between proximity to exercise facility
and exercise status, but the essential assumption that the
instrument should only influence the outcome through
the exposure of interest is difficult to evaluate [38, 39].
Nevertheless, I argue that the exogeneity condition of my
instrument is plausible for the following reasons. First
of all, sports facilities are provided by communities and
not by individuals. The proximity to exercise facility is
not chosen by the residents, but exogenously decided.
Demographic and socioeconomical variables such as
age, educational level, occupational classification, which
indirectly reflect individuals’ characteristics on resi-
dential choices are also adjusted to further enhance the
exogeneity.

My study has some limitations. Participants of the
KCHS were interviewed face-to-face, which helped
build trust and rapport between interviewers and
respondents, but it might have also led interviewees to
underreport behaviors that are not socially acceptable
Furthermore, due to the absence of necessary survey
questions in recent surveys, the dataset I used is some-
what outdated and may not fully reflect the current situ-
ation. Despite these limitations, the following strengths
of the study were observed. First, the KCHS is conducted
by a national institution; thus, the data obtained from it
are more reliable and representative of the entire Korean
population than those obtained by private institutions.
Second, this study is one of the few to identify the causal
impact of regular exercise on stroke prevention using
an instrument variable approach. Third, ’proximity to
sports facilities’ was based on subjective perception
rather than the actual distance from the facilities. Since
the same distance can be perceived differently by differ-
ent individuals—being too far for some and acceptable
for others—the subjective perception serves as a better
instrument.
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Conclusions

This study provides evidence that regular physical activ-
ity significantly reduces the likelihood of stroke, reinforc-
ing its role as a key preventive measure, particularly for
the aging Korean population. Using a quasi-experimen-
tal approach, the findings establish a causal relationship
between physical activity and stroke prevention, address-
ing limitations in prior observational studies. Given the
increasing burden of stroke in Korea, public health poli-
cies should prioritize promoting regular exercise through
targeted interventions and awareness programs. Future
research should explore long-term effects and assess how
different forms of physical activity contribute to stroke
risk reduction.

Acknowledgements

| sincerely thank the Korea Centers for Disease Control and Prevention (KCDC)
for granting access to the Korea Community Health Survey (KCHS) data used
in this study.

Authors’ contributions

Wonseok Jeong wrote the main manuscript. Wonseok Jeong conducted
statstical analysis and prepared all the tables. Wonseok Jeong conceptualized
the manuscript and reviewed the manuscript.

Funding
None.

Data availability

All K-CHSI data may be downloaded from the KCHS site (https://chs.kdca.
go.kr/chs/rdr/rdrinfoProcessMain.do). The entire data file may be downloaded
without logging in by choosing the button labeled T Q' Tt & T &"(i.e, “File
download”). Data files are provided in Excel. There are a total of 4 files, from
version 1.0 to 1.3.1n addition, the website provides a search system that allows
users to select a region and year for a variable of interest, then save their
search results.

Declarations

Ethics approval and consent to participate

The KCHS protocol received approval from the Institutional Review Board of
Korea Centers for Disease Control and Prevention (2016-10-01-P-A), and writ-
ten informed consent was acquired from all participants of the KCHS.

Consent for publication
N/A.

Competing interests
The authors declare no competing interests.

Received: 18 November 2024 Accepted: 12 March 2025
Published online: 27 March 2025

References

1. Kim H-H, Choi S, Jung YS, et al. Stroke incidence in survivors of carbon
monoxide poisoning in South Korea: a population-based longitudinal
study. Med Sci Monitor: Int Med J Exp Clin Res. 2020;26:€926116-1.

2. Hong K-S, Bang OY, Kim JS, Heo JH, Yu K-H, Bae H-J, et al. Stroke statistics
in Korea: part Il stroke awareness and acute stroke care, a report from the
Korean Stroke Society and Clinical Research Center for Stroke. J Stroke.
2013;15:67.



Jeong BMC Public Health

20.

21

22.

23.

24.

25.

(2025) 25:1167

Kim KW, Kim OS. Super aging in South Korea unstoppable but mitigat-
able: a sub-national scale population projection for best policy planning.
Spatial demography. 2020;8:155-73.

Bae H. Epidemiology of stroke: 2006 Update. Korean J Stroke. 2007;9:5-10.

Moon J, Seo Y, Lee H-H, Lee H, Kaneko F, Shin S, et al. Incidence

and case fatality of stroke in Korea, 2011-2020. Epidemiol Health.
2024;46:2024003.

Brechot M, Niesch S, Franck E. Does sports activity improve health?
Representative evidence using local density of sports facilities as an
instrument. Appl Econ. 2017,49:4871-84.

Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity:
the evidence. CMAJ. 2006;174:801-9.

Kohl HW, Craig CL, Lambert EV, et al. The pandemic of physical inactivity:
global action for public health. Lancet. 2012;380:294-305.

Kokkinos P. Physical activity and cardiovascular disease prevention: cur-
rent recommendations. Angiology. 2008;59:265-29S.

Heath GW, Parra DC, Sarmiento OL, Andersen LB, Owen N, Goenka S, et al.

Evidence-based intervention in physical activity: lessons from around the
world. The lancet. 2012;380:272-81.

. KimY, Sharp S, Hwang S, Jee SH. Exercise and incidence of myocardial

infarction, stroke, hypertension, type 2 diabetes and site-specific cancers:
prospective cohort study of 257 854 adults in South Korea. BMJ Open.
2019;9:025590.

Jeong HG, Kim DY, Kang DW, Kim BJ, Kim CK, Kim Y, et al. Physical activity
frequency and the risk of stroke: a nationwide cohort study in Korea. J
Am Heart Assoc. 2017;6:e005671.

Ribeiro Al, Pires A, Carvalho MS, Pina MF. Distance to parks and non-
residential destinations influences physical activity of older people, but
crime doesn't: a cross-sectional study in a southern European city. BMC
Public Health. 2015;15:1-12.

Cheon DY, Han K-D, Lee JH, Yu K-H, Choi BY, Lee M. Impact of changes in

physical activity and incident fracture after acute ischemic stroke. Sci Rep.

2023;13:16715.
Hong I, Aaron SE, Li C-Y, Simpson AN. Physical activity and the risk of

depression in community-dwelling Korean adults with a history of stroke.

Phys Ther. 2017,97:105-13.

Grabowski DC, Feng Z, Hirth R, Rahman M, Mor V. Effect of nursing home
ownership on the quality of post-acute care: an instrumental variables
approach. J Health Econ. 2013,32:12-21.

Deka D, Connelly M. Does proximity to activity-inducing facilities explain
lower rates of physical activity by low-income and minority populations?
Transp Res Rec. 2011,2264:83-91.

Reed JA, Phillips DA. Relationships between physical activity and the
proximity of exercise facilities and home exercise equipment used by
undergraduate university students. J Am Coll Health. 2005;53:285-90.
Brechot M, Niesch S, Franck E. Does sports activity improve health? Rep-
resentative evidence using proximity to sports facilities as an instrument.
IBW Working Paper Ser. 2014;348.

Ruseski JE, Humphreys BR, Hallman K, Wicker P, Breuer C. Sport participa-
tion and subjective well-being: Instrumental variable results from Ger-
man survey data. J Phys Act Health. 2014;11:396-403.

Han MA. Smoking Cessation and Mental Health According to Use

of E-cigarettes and Heated Tobacco Products by Korean Adults.

Int J Ment Heal Addict. 2022;20:2559-70. https://doi.org/10.1007/
$11469-021-00698-6.

Kim SY, Sim S, Choi HG. Active and passive smoking impacts on

asthma with quantitative and temporal relations: A Korean Com-

munity Health Survey. Sci Rep. 2018;8:8614. https://doi.org/10.1038/
s41598-018-26895-3.

Kang YW, Ko YS, Kim YJ, Sung KM, Kim HJ, Choi HY, et al. Korea Com-
munity Health Survey Data Profiles. Osong Public Health and Research
Perspectives. 2015;6:211-7. https://doi.org/10.1016/j.phrp.2015.05.003.
Hammami A, Harrabi B, Mohr M, Krustrup P. Physical activity and corona-
virus disease 2019 (COVID-19): specific recommendations for home-
based physical training. Managing Sport and Leisure. 2022;27:26-31.
Nam JY, Kim J, Cho KH, Choi Y, Choi J, Shin J, et al. Associations of sitting
time and occupation with metabolic syndrome in South Korean adults: a
cross-sectional study. BMC Public Health. 2016;16:943. https://doi.org/10.
1186/512889-016-3617-5.

26.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Page 9 of 9

Jayawardena R, Byrne NM, Soares MJ, Katulanda P, Hills AP. Prevalence,
trends and associated socio-economic factors of obesity in South Asia.
Obes Facts. 2013,6:405-14.

. Abdia Y, Kulasekera K, Datta S, Boakye M, Kong M. Propensity scores based

methods for estimating average treatment effect and average treatment
effect among treated: a comparative study. Biom J. 2017;59:967-85.
Chiburis RC, Das J, Lokshin M. A practical comparison of the bivariate
probit and linear IV estimators. Econ Lett. 2012;117:762-6.

Staiger DO, Stock JH. Instrumental variables regression with weak instru-
ments. National Bureau of Economic Research Cambridge: Mass., USA;
1994.

Blauenfeldt RA, Hougaard KD, Mouridsen K, Andersen G. High prestroke
physical activity is associated with reduced infarct growth in acute
ischemic stroke patients treated with intravenous tPA and randomized to
remote ischemic perconditioning. Cerebrovasc Dis. 2017;44:88-95.
Kramer SF, Hung SH, Brodtmann A. The impact of physical activity before
and after stroke on stroke risk and recovery: a narrative review. Curr
Neurol Neurosci Rep. 2019;19:1-9.

Schmidt W, Endres M, Dimeo F, Jungehulsing GJ. Train the vessel, gain
the brain: physical activity and vessel function and the impact on stroke
prevention and outcome in cerebrovascular disease. Cerebrovasc Dis.
2013;35:303-12.

Lépez-Cancio E, Ricciardi AC, Sobrino T, Cortés J, de la Ossa NP, Millan

M, et al. Reported prestroke physical activity is associated with vascular
endothelial growth factor expression and good outcomes after stroke. J
Stroke Cerebrovasc Dis. 2017;26:425-30.

Vital TM, Stein AM, de Melo Coelho FG, Arantes FJ, Teodorov E, Santos-Gal-
durdz RF. Physical exercise and vascular endothelial growth factor (VEGF)
in elderly: A systematic review. Arch Gerontol Geriatr. 2014;59:234-9.
Green DJ, Hopman MT, Padilla J, Laughlin MH, Thijssen DH. Vascular
adaptation to exercise in humans: role of hemodynamic stimuli. Physiol
Rev. 2017,97:495-528.

Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana SS, Nimmo MA.
The anti-inflammatory effects of exercise: mechanisms and implica-
tions for the prevention and treatment of disease. Nat Rev Immunol.
2011;11:607-15.

Bjorngaard JH, Carslake D, Lund Nilsen Tl, Linthorst AC, Davey Smith G,
Gunnell D, et al. Association of body mass index with depression, anxiety
and suicide—an instrumental variable analysis of the HUNT study. PLoS
One. 2015;10:e0131708.

Guo X, Dai J, Xun P, Jamieson LM, He K. Sport facility proximity and physi-
cal activity: Results from the Study of Community Sports in China. Eur J
Sport Sci. 2015;15:663-9.

Greenland S. An introduction to instrumental variables for epidemiolo-
gists. Int J Epidemiol. 2000;29:722-9. https://doi.org/10.1093/ije/29.4.722.

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


https://doi.org/10.1007/s11469-021-00698-6
https://doi.org/10.1007/s11469-021-00698-6
https://doi.org/10.1038/s41598-018-26895-3
https://doi.org/10.1038/s41598-018-26895-3
https://doi.org/10.1016/j.phrp.2015.05.003
https://doi.org/10.1186/s12889-016-3617-5
https://doi.org/10.1186/s12889-016-3617-5
https://doi.org/10.1093/ije/29.4.722

	Effect of regular exercise on stroke prevention: an instrumental variables approach
	Abstract 
	Aims 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Data and study participants
	Variables
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


