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Background. Physical activity (PA) is believed to improve mental health, including depres-
sion. However, whether recommended PA levels have a similar impact in individuals with
poststroke depression is unclear.

Objective. The aim of this study was to apply a quasi-experimental propensity score (PS)
matching control for covariate differences and compare the effects of PA on reducing depres-
sion risk among people with stroke.

Design. A cross-sectional design was used for this study.

Methods. Health-related information for community-dwelling adults (N�4,555) who
reported having had a stroke was extracted from the 2013 Korean Community Health Survey
data set. The survey participants were asked a series of questions about depression, recom-
mended PA levels (moderate and vigorous intensity), and chronic conditions. A multivariable
regression model, inverse probability weighting adjustment, and Greedy algorithms with 1:1
matching and covariate adjustment were used to estimate the effects of PA on risk of
depression. The dependent variable was diagnosis of depression, and the primary independent
variable was PA. Baseline covariates were 10 demographic and 9 chronic condition variables.

Results. Without PS methods, there were significant differences in baseline covariates (16
out of 19) between people who performed PA and those who did not perform PA. After
applying 1:1 matching, the number of patients in each group comparing the effect of PA
numbered 1,970, and 13 covariates did not differ significantly between the 2 groups. Physical
activity reduced the risk of poststroke depression by 36.1% to 42.4% (odds ratio�0.639–0.376)
across the 3 methods.

Limitations. Unaccounted-for covariates, including stroke severity, predepression status,
and history of depression treatments, may have biased the results.

Conclusions. The findings suggest that recommended PA levels have protective relation-
ships with the risk of poststroke depression.
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Each year, approximately 105,000
Korean people experience a new or
recurrent stroke, which amounts to

an individual having a stroke, on average,
every 5 minutes.1 By 2030, the annual
incidence of stroke in Korea is estimated
to rise to 350,000 due to a rapid increase
in the elderly population.1,2 Because of
the functional limitations commonly
seen after stroke, it is not surprising that
these individuals have reduced physical
activity (PA) levels. In addition, those
physical limitations can lead to disuse
atrophy of muscles, cardiovascular
deconditioning, social isolation, and
associated physiological factors, which
cause these individuals to be at a greater
risk for secondary cardiac complications
and recurrent stroke.3,4

One commonly reported problem post-
stroke is depression, which has been
shown to have a negative impact on qual-
ity of life, increase functional impair-
ments, and result in higher mortality
rates.5–8 For example, Hackett et al8 con-
ducted a meta-analysis and reported that
about 33% (95% confidence interval
[CI]�29%, 36%) of patients with stroke
experienced poststroke depression. In
other studies,9–11 researchers found that
aerobic exercise is an effective antide-
pressant in people without stroke.
Strong evidence suggests that exercise
not only reduces the risk of developing
depressive symptoms but also reduces
the symptoms of depression, as well as
having a large positive effect when base-
line depression is severe.9–11 This evi-
dence supports the idea that if individu-
als who have experienced a stroke
participate in more PA, depressive symp-
toms may be reduced and result in
improved physical functioning and qual-
ity of life.

Currently, the American Heart Associa-
tion, the Centers for Disease Control and
Prevention, and the American College of
Sports Medicine recommend a moderate-
intensity PA dose of 150 minutes per
week and a vigorous-intensity PA dose of
75 minutes per week.4,12,13 These recom-
mended levels are believed to improve
mental health, including depression;
however, it is not clear whether these
recommended PA doses will have a sim-
ilar impact in individuals with poststroke

depression. For example, Cumming
et al14 conducted a systematic review
and reported that increased PA for
patients with stroke could improve cog-
nitive performance, including depres-
sion; however, they reported that the
studies in the systematic review had
small samples and methodological short-
comings and, therefore, that additional
comprehensive randomized trials are
needed to test the effects of PA on post-
stroke depression. In addition, Graven et
al7 conducted a meta-analysis and
reported that only 2 out of 10 studies had
positive effects of exercise programs on
reducing poststroke depression symp-
toms. Although the studies by Lai et al15

and Sims et al16 demonstrated a signifi-
cant benefit of exercise programs on
poststroke depression, the duration and
intensity of their studies were different
from the recommended duration and
intensity level of PA. In the study by Lai
et al,15 participants completed 36 ses-
sions of compressive exercise programs,
including strength, balance, endurance,
and upper extremity programs, for a
9-month period, whereas in the study by
Sims et al,16 participants completed
these exercises twice a week for 10
weeks within a community exercise pro-
gram. Moreover, Lai et al15 targeted
patients who were discharged from
acute rehabilitation, and Sims et al16 used
a convenience sample. Therefore, these
study samples may have had different
stroke recovery capacity or related
patient characteristics compared with
adults who had a history of stroke and
live in their communities, and their study
findings may not be generalizable to all
populations.

The best research design that can test the
effects of recommended PA dose on
depression is a randomized controlled
trial (RCT), which allows researchers to
assume that baseline characteristics
between comparison groups will be
equally distributed and, thus, not bias the
results. However, this design is costly,
time-consuming, and may not be feasible
in some cases. An alternative research
design method may be a quasi-
experimental design that can imitate a
RCT using propensity score (PS) meth-
ods by balancing groups on known con-
founders.17,18 Using a quasi-experimental

stroke cohort, we investigated whether
meeting recommended levels of PA
reduces the risk of depression using PS
methods. Specifically, the purpose of this
study was to apply 3 different statistical
methods that control for covariate differ-
ences and compare the effects of PA on
reducing depression risk among people
with stroke. The findings from this study
may provide empirical evidence for fur-
ther research into clinical recommenda-
tions of exercise to help treat, lessen, or
prevent depression among people with
stroke.

Method
Study Population
Health-related information on partici-
pants who were diagnosed with stroke
was extracted from the 2013 Korean
Community Health Survey (KCHS) data
set. Participants who were diagnosed
with depression by a physician in the
past 12 months or currently receiving
depression treatments were identified
within the cohort.

The KCHS is a national health survey
administered annually to community-
dwelling Korean adults aged 19 years
and older by the Korea Centers for Dis-
ease Control and Prevention (KCDC)
between August and October.19 The
2013 KCHS was designed to collect var-
ious health-related information: demo-
graphics characteristics, health behav-
iors (PA, smoking, and alcohol
consumption), chronic diseases (ie,
depression, stroke, diabetes), quality of
life, use of medical services, vaccination,
accidents (ie, car accidents, falls), dental
care, and nutrition.19 In 2013, the KCHS
had a sample size of 228,781, and this
sample was recruited based on the 2
stages of the sampling method (resident
areas and number of household mem-
bers). This sampling method ensured
that the sample would be representative
of the entire community-dwelling adult
population in Korea.

The 2013 KCHS was approved by the
Institutional Review Board of the KCDC
(2013-06EXP-01-3C). Because the KCDC
removed any personally identifiable
health information before releasing the
data set as a public source, this study was
considered not to be human subjects
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research by the Medical University of
South Carolina Institutional Review
Board.

Definitions
Moderate-intensity PA was defined as a
minimum of 150 minutes of aerobic
exercise (ie, aerobic exercise or walking,
30 minutes over 5 days, approximately
3–5 metabolic equivalents [METs]) per
week.20,21 Vigorous-intensity PA was
defined as a minimum of 75 minutes (ie,
swimming laps, running, or jumping
rope; 25 minutes over 3 days, approxi-
mately 6–8 METs) per week.20,22 The
survey participants were asked how
many hours or minutes they performed
moderate and vigorous PA during the last
week. Based on their responses, we cat-
egorized participants into 2 groups: one
group contained those participants who
performed moderate or vigorous PA, and
the other group contained those partici-
pants who did not perform the recom-
mended PA using American Heart Asso-
ciation PA guidelines.4,12,13 In this study,
participants who reported meeting mod-
erate or vigorous PA recommendations
were included in the PA group, and par-
ticipants who did not meet PA recom-
mendations or did not participate in any
PA were included in the non-PA group.
Covariates used in this study were
selected from the data set according to
their likely association with risk of
depression among people with stroke.23

The covariates examined in the 2013
KCHS data were: age, sex, marital status,
resident type, household income, educa-
tion, body mass index, history of smok-
ing, alcohol consumption (more than 2
or 3 times per week or more than 2–4
times per month), falls, osteoarthritis,
osteoporosis, cataracts, disorders of lipid
metabolism, asthma, hypertension,
atopic dermatitis, allergic rhinitis, and
diabetes mellitus.

Data Analysis
Univariate analyses were conducted to
describe demographic characteristics.
Categorical variables were presented as
number and percentage, and continuous
variables were presented as mean and
standard deviation. The differences
between the PA groups were investi-
gated with the chi-square test for cate-
gorical variables and the t test

(independent-samples t test or Wilcoxon
rank sum nonparametric test) for contin-
uous variables at an alpha level of .05.
Multivariable logistic regression and PS
matching methods were used to estimate
the effects of PA on risk of depression at
an alpha level of .05. All analyses were
performed using SAS statistical software
version 9.4 (SAS Institute Inc, Cary,
North Carolina).24

Covariate Controlling Methods
In contrast to randomized clinical trials,
observational studies may not measure
the true treatment effect differences
between treated and control groups
because confounders may not be system-
atically balanced. This is commonly
referred to as selection bias. In the last 20
to 30 years, alternative methods for
obtaining true exposure effects in obser-
vation research have been studied
and embraced by the research
community.25,26

The first method that we used to exam-
ine the odds of depression between
patients with stroke who satisfy mini-
mum PA requirements and those who do
not was the traditional multivariable con-
trol of covariates of the outcome model
using multiple logistic regression. This
method has traditionally been used to
control for confounding; however, it has
been shown to result in residual con-
founding due to indication (selection
bias).25 The determination of covariates
in the final regression model was based
on the smallest Akaike information crite-
rion and Schwarz criterion. The model fit
(covariate P values) was tested using
manual backward selection regression
methods, where all potentially confound-
ing covariates were included in initial
models and removed one at a time by the
analyst according to model fitting crite-
rion. Covariates were removed one by
one when their P value was greater than
.20 and when the values of the Akaike
information criterion and Schwarz crite-
rion became significantly smaller than
the values in the previous model contain-
ing the covariate.27 This procedure was
repeated until the most parsimonious
regression model was reached.

The second method that we used to
examine the aim of this study was to

perform PS matching between the 2
groups. Propensity score matching is a
study design method that is used with a
logistic regression model for binary out-
comes to calculate the probability of
exposure to an event (PA) while control-
ling for all potential confounders. We
used a Greedy 1:1 matching algorithm
(without replacement), also known as
“nearest neighbor,” with a caliper dis-
tance of less than 0.1 standard deviation
of the logit. An SAS macro was modified
and adapted for the purpose of match-
ing.28 After using PS matching of patients
who reported meeting moderate or vig-
orous PA recommendations with an
equal group of similar patients who did
not meet recommendations or did not
participate in any PA, we performed the
outcomes analysis in the same way as
described in the first method.

In order to judge whether the PS match-
ing algorithm was able to successfully
match the PA group with the non-PA
group, we examined whether the differ-
ences between the means of the baseline
covariates used to match the patients
were similar. The absolute standardized
differences in means of all covariates
were used as balance diagnostics, calcu-
lated by the differences in means of each
covariate divided by the standard devia-
tion in the PA group: [(XPA�Xcontrol)/
�PA].17,25 The criterion of a threshold of
a good match is a standardized difference
less than 0.2, indicating a negligible dif-
ference in covariates between the 2
groups.25,29 In addition, percentage bias
reduction of covariates was calculated as
follows: (1�Bi)/Bj �100%, where Bi and
Bj are postterm minus term differences in
covariate means after matching and
before matching, respectively.30

Lastly, inverse probability of treatment
weighting (IPTW) based on the PS was
performed to compare the results esti-
mated from the PS matching model
because the matching method often
results in the elimination of observations
when one of the comparison groups has
a small sample size and may reduce
power and generalizability.26,31 In con-
trast, IPTW uses a weighted inverse
probability of receiving the treatment
(the PS) for all observations in the 2 com-
parison groups, resulting in no loss of
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observations.32,33 After using PS methods
to perform the IPTW estimates based on
PS, multiple logistic regression modeling
was performed to estimate the final PA
effect on risk of depression in the same
manner as was done in the first and sec-
ond methods.

In this article, we report the effects of PA
(moderate or vigorous) on the risk of
depression using 3 estimation methods:
(1) covariate adjustment using multivari-
able logistic regression, (2) PS 1:1 match-
ing and covariate adjustment with multi-
ple logistic regression, and (3) IPTW of
the PS and covariate adjustment with
multiple logistic regression.

Results
We identified 4,555 people with stroke
in the 2013 KCHS data set. Among the
extracted target sample, 182 people
were identified as having depression.
Before matching, there were 1,970 indi-
viduals meeting PA levels and 2,585 indi-
viduals who did not meet recommenda-
tions or did not participate in PA. After
applying 1:1 matching, the number of
participants in each group used to com-
pare the effect of PA was 1,970.

Table 1 presents the differences between
people meeting recommendations and
those not meeting recommendations in
PA at baseline. There were significant

differences in 16 out of 19 baseline cova-
riates between the 2 groups (P�.05).
Table 2 presents the differences in cova-
riates between people meeting recom-
mendations and those not meeting rec-
ommendations in PA after applying 1:1
matching (analysis method 2). After
matching, all covariates satisfied the min-
imum reduction, as shown in the Figure
by the absolute standardized differences.
The absolute standardized differences in
the means of all covariates were less than
0.2 after matching, which indicates that
selection bias of the known covariates
was controlled by the matching method
(Figure). The total percentage of bias
reduction of the covariates was 85.3%.
After matching the 2 groups, 13 covari-
ates did not differ significantly at baseline
(all P values�.05); however, 5 covariates
remained different between the groups:
age, female sex, current drinker, house-
hold income, and high education (all P
values�.05). As a method to further con-
trol for these group differences, the 5
covariates were included in all 3 covari-
ate adjustment methods when estimating
the effects of PA on poststroke depres-
sion using multivariable regression.

Table 3 presents the outcome results
after covariate adjustment and PS meth-
ods plus covariate adjustment on odds of
depression in patients who satisfied PA
recommendations. Physical activity
reduced the risk by between 36.1% and
42.4% for people with depression across
the 3 estimation methods (odds ratio
[OR]�0.639–0.576, all P values�.05),
which suggests that the recommended
PA has a protective relationship with
poststroke depression. Propensity score
matching (method 2) showed lower
odds of depression (0.576) among the PA
group participants compared with the
group of participants who did not satisfy
PA recommendations.

We conducted a subanalysis to further
examine the relationship between the
moderate- and vigorous-intensity PA lev-
els to the risk of poststroke depression
(Tab. 4). Moderate PA, alone, reduced
the risk depression by between 28.4%
and 30.7%, depending on which of
the 3 estimation methods was used
(OR�0.693–0.716, all P values�.05).
Models estimating the association of vig-

Table 1.
Baseline Demographics Among Participants With a History of Stroke

Characteristic

Total
(N�4,555)

Physical
Activity

(n�1,970)

No
Physical
Activity

(n�2,585)

Pn (%) n (%) n (%)

Depressiona 182 (4.0) 58 (2.9) 124 (4.8) .0002b

Femalea 2,248 (49.4) 859 (43.6) 1,389 (53.7) �.0001b

Married (living with partner)a 3,023 (66.4) 1,391 (70.6) 1,632 (63.1) �.0001b

Attached housea 1,536 (33.7) 773 (37.2) 803 (31.1) �.0001b

Alcohol consumptiona 949 (58.9) 536 (27.2) 413 (16.0) �.0001b

Household income ($1,000/mo)a 1,889 (43.1) 929 (47.1) 960 (37.1) �.0001b

High education (middle school)a 1,785 (39.2) 900 (45.7) 885 (34.2) �.0001b

Current smokera 2,034 (44.7) 941 (47.8) 1,093 (42.3) .0002b

History of fallsa 1,423 (31.2) 585 (29.7) 838 (32.4) .0495b

Comorbiditya

Osteoarthritis 1,418 (31.2) 529 (26.8) 889 (34.4) �.0001b

Osteoporosis 896 (19.7) 325 (16.5) 571 (22.1) �.0001b

Cataracts 1,377 (30.2) 510 (25.9) 867 (33.5) �.0001b

Disorders of lipid metabolism 1,128 (24.9) 566 (28.7) 562 (21.7) �.0001b

Asthma 252 (5.5) 83 (4.2) 169 (6.5) .0007b

Hypertension 3,125 (68.7) 1,364 (69.2) 1,761 (68.1) .4219

Atopic dermatitis 87 (1.9) 33 (1.7) 54 (2.1) .3120

Allergic rhinitis 248 (5.4) 118 (6.0) 130 (5.0) .1568

Diabetes mellitus 1,227 (27.0) 492 (25.0) 735 (28.4) .0091b

X (SD) X (SD) X (SD)

Age (y)c 70.1 (10.0) 68.0 (9.8) 71.6 (9.8) �.0001b

Body mass index (kg/m2)c 23.1 (3.2) 23.4 (3.1) 22.9 (3.3) �.0001b

a Chi-square test.
b Significant difference at .05 level.
c Wilcoxon rank sum test.
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orous PA on the risk of depression indi-
cated mixed results, with estimates vary-
ing widely; however, the impact of
vigorous PA was not statistically signifi-
cant in any of the 3 PS models (all P
values�.05).

Discussion
Physical activity demonstrated signifi-
cant depression risk reduction for peo-
ple with stroke (36.1%–42.4%), regard-
less of statistical analysis method (ie, a
traditional covariate control and the 2 PS
matching methods with covariate con-
trol). The PS matching method success-
fully controlled covariates, and, thus, it
imitated an RCT.

The impact of PA on reducing depres-
sion was similar to the findings from
other observational studies34–37 and clin-
ical trials38–41 using the equivalent dose
of moderate PA (150 minutes per week).
For instance, an observational study dem-
onstrated that daily PA (92–161 minutes
per day) reduced the risk of depression
43% among men (OR�0.57; 95%
CI�0.37, 0.87; P�.01),37 which is simi-
lar to the 39% risk reduction for depres-
sion that we found. Clinical trials also
demonstrated that both moderate and
vigorous PA were effective in reducing
symptoms of depression.38,39,41 How-
ever, these studies targeted specific pop-
ulations, such as people in middle age

(50–65 years),38 healthy people,39 and
women.35,36,40,41 Therefore, the findings
from these studies may not be generaliz-
able to people with stroke. In addition,
our study findings were based on Korean
adults, with 43.2% of survivors of stroke
(n�1,970) performing the recom-
mended level of PA. This large number of
survivors of stroke who meet the PA lev-
els could be different in other counties.
The differences could be unique to the
Korean culture or Korean health care
system in the community setting. There-
fore, our study findings may not be gen-
eralizable to other populations with dif-
ferent cultural norms or health systems.

To our knowledge, our study was the
first attempt to investigate the effects of
the recommended levels of PA on the
risk of depression for people with stroke
in a Korean sample. As the increasing
number of survivors of stroke and the
high prevalence of poststroke depres-
sion can cause poor rehabilitation out-
comes,22,42 identification of the effective-
ness of PA for those patients is
important. Although the findings indi-
cate that PA was effective in reducing the
risk of depression, poststroke depression
is associated with biological changes
after stroke43 and psychosocial mecha-
nisms (ie, social isolation and neurotic
personality traits).44 Therefore, the com-
bination of PA and a multifactorial
approach (ie, antidepressant medica-
tions and behavioral supports) would
likely prove an even more effective pre-
vention approach for people with post-
stroke depression. These combinations
of therapy should be studied in future
research.

In this study, we conducted a subgroup
analysis to estimate the effects of moder-
ate and vigorous PA on the risk of depres-
sion. Such separate estimations would
indicate which dose of PA is more effec-
tive in reducing the risk of depression for
people with stroke. However, although
moderate PA reduced the risk by 28.4%
to 30.7% (all P values�.05), vigorous PA
indicated mixed results across the 3
covariate control methods, and the esti-
mation results were not statistically sig-
nificant (OR�0.927–1.287; all P val-
ues�.05). First, the nonsignificant
estimations could be a function of a small

Table 2.
Propensity Score Matched Baseline Demographics Among Participants With a History of
Stroke

Characteristic

Total
(N�3,940)

Physical
Activity

(n�1,970)

No
Physical
Activity

(n�1,970)

Pn (%) n (%) n (%)

Depressiona 155 (3.9) 58 (2.9) 97 (4.9) .0002b

Femalea 1,793 (45.5) 859 (43.6) 934 (47.4) .0164b

Married (living with partners)a 2,753 (69.9) 1,391 (70.6) 1,362 (69.1) .3139

Attached housea 1,414 (35.9) 773 (37.2) 681 (34.6) .0842

Alcohol consumptiona 939 (23.8) 536 (27.2) 403 (20.5) �.0001b

Household income ($1,000/mo)a 1,779 (45.1) 929 (47.1) 850 (43.1) .0114b

High education (middle school)a 1,709 (43.4) 900 (45.7) 809 (41.1) .0034b

Current smokera 1,833 (46.5) 941 (47.8) 892 (45.3) .1176

History of fallsa 1,184 (30.0) 585 (29.7) 599 (30.4) .6266

Comorbiditya

Osteoarthritis 1,111 (28.2) 529 (26.8) 582 (29.5) .0606

Osteoporosis 686 (17.4) 325 (16.5) 361 (18.3) .1304

Cataracts 1,063 (27.0) 510 (25.9) 553 (28.1) .1227

Disorders of lipid metabolism 1,077 (27.3) 566 (28.7) 551 (25.9) .0493b

Asthma 173 (4.4) 83 (4.2) 90 (4.6) .5862

Hypertension 2,739 (69.5) 1,364 (69.2) 1,375 (69.8) .7034

Atopic dermatitis 67 (1.7) 33 (1.7) 34 (1.7) .9019

Allergic rhinitis 221 (5.6) 118 (6.0) 103 (5.2) .2990

Diabetes mellitus 1,008 (25.6) 492 (25.0) 561 (26.2) .3809

X (SD) X (SD) X (SD)

Age (y)c 68.8 (9.9) 68.0 (9.8) 69.5 (9.9) �.0001b

Body mass index (kg/m2)c 23.3 (3.1) 23.3 (3.1) 23.2 (3.3) .0752

a Chi-square test.
b Significant difference at .05 level.
c Wilcoxon rank sum test.
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sample size in the vigorous-intensity PA
group (n�400) compared with the
moderate-intensity PA group (n�1,766).
The criterion for vigorous PA of 75 min-
utes (25 minutes over 3 days) per week
may be too challenging for people with
stroke, making the application of this
definition for vigorous PA inadvisable in
this patient cohort. Therefore, future
studies are needed to confirm the study
findings with a larger sample size for this
specific population.

Second, for adults with stroke who are
able to conduct PA with vigorous inten-

sity (approximately 6–8 METs), perform-
ing PA might not be a considerable con-
tributing factor for the risk of depression
because they are able to perform most
high-intensity physical activities. Those
individuals may be different from the
more typical survivors of stroke, who are
able to perform only low levels of PA or
activities of daily living (eg, dressing,
feeding).4 In addition, vigorous PAs
equivalent to MET values between 6 and
8 are high-intensity activities, such as
playing basketball, playing football, ski-
ing, participating in rodeo competitions,
and wrestling.21 For individuals who are

performing vigorous PA, the risk of
depression might be related to other
issues, such as social participation, fam-
ily issues, or self-esteem, instead of per-
forming PA. Unfortunately, we were
unable to examine these factors using
the KCHS, as it does not include these
data. Therefore, future studies are
needed to investigate the risk of depres-
sion among adults who have a history of
stroke and a high PA performance level.

Although we used 3 covariates adjust-
ment methods, we were not able to iden-
tify the causal relationship between PA
and the risk of poststroke depression
because of the cross-sectional design of
the national survey. For example, in our
cross-sectional design, cause and effect
of PA on reducing the risk of depression
is hard to establish because of the
absence of the random assignment of
the PA and the uncertainty of the time
sequence between PA and the presence
of depression in the sample. Billinger
et al4 reported that there is a complex
relationship between PA and depression
among survivors of stroke. In other
words, depression can affect participa-
tion in PA, and PA can affect depressive
symptoms. Although prospective RCTs
that control for balance between covari-
ates and the time sequence of PA would
best address questions of cause and
effect, the study design used in this inves-
tigation successfully mimicked RCTs by
controlling for and balancing for differ-
ences in known covariates and indicated
meaningful estimations of the potential
for reducing the risk of poststroke
depression. Therefore, we recommend
that clinicians incorporate PA as a thera-
peutic strategy when treating survivors
of stroke.

Because people with poststroke depres-
sion are often living in a rather isolated
way when they lose initiative due to the
depression, it would be challenging for
health care professionals to support the
individuals with poststroke depression
and to provide PA programs. A possible
intervention would be identifying PA
that is enjoyable to survivors of stroke by
making the identified PA a leisure activity
for them before they are discharged to
their communities. Ashe et al45 reported
that about 30% of older adults (over 65

Table 3.
Odds of Depression in Participants With a History of Stroke Who Satisfied Physical Activity
Recommendationsa

Estimation Method OR 95% CI P b

Adjusted multivariable logistic regression 0.639 0.458, 0.891 .022c

Propensity score matching with logistic regression
adjustment

0.576 0.411, 0.808 .001c

Inverse probability of treatment weighting with
logistic regression adjustment

0.619 0.451, 0.852 .003c

a OR�odds ratio, CI�confidence interval.
b P values for estimated odds ratios were calculated using multivariable logistic regression.
c Significant at an alpha value of .05.

Figure.
Standardized difference in means between propensity score covariates before and after
matching (1:1 matching). The standardized difference (less than 0.2) indicates a negligible
difference in covariates between the comparison groups.
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years) meet guideline leisure-time PA
without any interventions. We expect
that early intervention would help to
identify tailored PA that could act as lei-
sure activity for survivors of stroke even
after they are discharged to community
settings. In addition, early interventions
(ie, occupational therapy or physical
therapy) in rehabilitation settings would
further increase the percentage of survi-
vors of stroke who perform PA as a lei-
sure activity or as part of daily routines in
their communities. As our study findings
indicate that PA reduces the risk of post-
stroke depression, we recommend that
health care professionals incorporate PA
as a depression preventative strategy in
the early stage of rehabilitation (ie, inpa-
tient rehabilitation facilities).

Propensity score matching methods suc-
cessfully controlled selection bias by bal-
ancing covariates between comparison
groups, and, thus, PS matching methods
imitated an RCT. Specifically, the second
PS matching method showed lower odds
of depression (0.576) among the PA
group participants compared with the
group who did not satisfy PA recommen-
dations. This method is most similar to
RCTs, as it matches one case to one very
similar control using PS methods. It also
reduces the sample to the cohort of indi-
viduals with stroke who would most
likely undertake or benefit from the treat-
ment of PA, similarly to how RCTs target
enrollment by excluding individuals who
are not optimal for treatment.

The advantage of IPTW as compared
with PS matching is that it does not lose
any observations for the matching com-
parison groups. In this study, IPTW esti-
mated the odds of depression as 0.619
with a sample size of 4,555 participants.
However, after applying the PS matching
method (1:1 matching), only 13% of the
sample was excluded, resulting in a sam-
ple size of 3,940 participants. The small
portion of observations lost and the sim-
ilarity of RCTs would result in the lowest
odds of depression from the 1:1 PS
matching method.

Limitations
This study had several limitations. First,
the 2013 KCHS was not designed for
experimental studies to prove causality
of the effect of exposure between the
treatment and control groups by control-
ling confounders (random assignment)
or by assessing the time order between
treatments and outcome measurements
(time ordering).46 The issue of control-
ling covariates was successfully
addressed using PS matching methods
(13 out of 19 covariates); however, there
may be bias remaining in unaccounted-
for covariates that may be confounders
(hidden bias), such as stroke severity,
predepression status, or history of
depression treatments. For example, the
KCHS does not include information
about the stage of poststroke recovery
for survey respondents. As PA recom-
mendations will vary with recovery
stages (ie, acute versus chronic), our

findings may not be equally applied to
patients with stroke who are in various
recovery stages. Also, the unknown time
ordering between PA and onset of
depression is significant.

Second, in our study, the primary out-
come measure of depression was the
presence of depression and its diagnosis
by a physician in the prior 12 months. In
most studies of poststroke depression,
participants are asked specific questions
about depression, and in the studies by
Jonsson et al47 and Micaela Silva et al,48

many individuals who were not diag-
nosed with depression were found to be
depressive. Therefore, the study findings
could be influenced by type II errors
while estimating the risk of poststroke
depression. In this case, standardized
depression outcome measures, such as
the Beck Depression Inventory–II, the
Center for Epidemiologic Studies Depres-
sion Scale (CES-D), and the Geriatric
Depression Scale, would more accurately
measure the level of depression in a vari-
ety of populations. As we reported only
the odds ratio of PA on poststroke
depression, the results may not be com-
parable to those of other depression
studies.

Lastly, the KCHS may have typical limi-
tations of self-reported surveys, such as
recall bias, misunderstanding of ques-
tions, or giving socially desirable
responses because participants were
asked in face-to-face interviews about
various health-related information or
events in the last 12 months.

In conclusion, the intensity of PA (a min-
imum of 150 minutes of aerobic exercise
per week or a minimum of 75 minutes of
vigorous activities per week) has been
recommended by the American Heart
Association, the Centers for Disease Con-
trol and Prevention, and the American
College of Sports Medicine to improve
physical and mental health for general
population. Using 3 different statistical
methods, those levels of PA were nega-
tively associated with depression for
people with stroke in a large, represen-
tative sample of community-dwelling
Korean adults. Clinicians may choose to
recommend PA to patients after stroke in
order to increase the likelihood of

Table 4.
Odds of Depression in Participants With a History of Stroke Who Satisfied Moderate and
Vigorous Physical Activity Recommendationsa

Estimation Method

Moderate
Physical Activity

(n�1,766)

Vigorous
Physical Activity

(n�400)

OR 95% CI P b OR 95% CI P b

Adjusted multivariable logistic
regression

0.693 0.538, 0.894 .004c 0.987 0.652, 1.494 .951

Propensity score matching with
logistic regression adjustment

0.703 0.540, 0.915 .008c 1.287 0.722, 2.294 .392

Inverse probability of treatment
weighting with logistic
regression adjustment

0.716 0.563, 0.910 .006c 0.927 0.629, 1.366 .700

a OR�odds ratio, CI�confidence interval.
b P values for estimated odds ratios were calculated using multivariable logistic regression.
c Significant at an alpha value of .05.
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depression prevention. Lastly, cross-
validating the effects of PA using a tradi-
tional covariate controlling method ver-
sus 2 PS matching methods with
covariate adjustment provides better esti-
mates of depression risk reduction in
patients who have had stroke because
the PS matching methods adjust for
selection bias due to nonrandomization.
We suggest a future RCT study to vali-
date our study results.
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