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Abstract: Prior studies have found that exercise has a positive effect on depressive symptoms in the
general population. For older individuals, however, the association between exercise and depressive
symptoms is conclusive. We examined whether regular exercise is related to depressive symptoms
in 5379 Korean adults aged ≥55 years using data from a 2016 survey administered in the Korean
Longitudinal Study of Aging. We used the 10-item Center for Epidemiological Studies–Depression
scale to assess depressive symptoms. We performed a multivariate logistic regression analysis
to investigate the relationship between regular exercise and depressive symptoms, adjusting for
sociodemographic characteristics, self-rated health, number of chronic diseases, body mass index,
hand-grip strength, physical disability, cognitive impairment, and health behavior. Interaction terms,
including regular exercise and health-related factors, were also added. We found that a lack of regular
exercise was significantly related to an increased frequency of depressive symptoms (OR = 1.18,
95% CI = 1.03–1.35). Moreover, hand-grip strength may increase the effect of regular exercise on
depressive symptoms in individuals 65 years and older (OR = 1.01 vs. 1.70, 95% CI = 1.05–1.96).
Our results suggest that it is important to encourage older individuals to exercise regularly as a
means of relieving depressive symptoms.
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1. Introduction
Worldwide, the segment of the population aged ≥65 years is increasing faster than
any other age group. According to data from the 2019 Revision of World Population
Prospects [1], persons aged ≥65 years exceeded children under 5 years old in 2018, and
by 2050, it is predicted that there will be more than twice as many elderly persons as
children under age 5. The fraction of persons aged ≥65 years globally is expected to reach
12% by 2030, 16% by 2050, and 23% by 2100 [1]. In Korea, the population is aging at an
unprecedented rate. The fraction of the population aged ≥65 years has risen from 7.3%
in 2000 to 14.2% in 2018 [2], and it is projected to grow to 20.3% by 2025 [3]. Moreover,
persons aged ≥65 years are expected to compose 43.9% of Korea’s total population by
2060 [3].
Aging is a risk factor for most chronic diseases, decline in physical function, and
mental dysfunction [4]. Of persons aged ≥65 years across Organization for Economic
Co-operation and Development (OECD) countries, an average of 58% report having two or
more chronic diseases [5]. In addition, approximately 15% of the world’s older population
suffers from a mental disorder [6], and the number of older adults with mental disorders
is projected to double by 2030 [7]. Depression in older adults is the most prevalent and
serious mental health problem facing modern society [8]. Approximately 2% of adults aged
≥55 years have major depression, and its prevalence increases with age [9]. Additionally,
10–15% of older adults experience clinically significant depressive symptoms, even in the
absence of major depression [10]. Compared to young adults, depressed older adults are
at a high risk of suicidal ideation and tend to complete suicide [11]. The suicide rate in
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Korean older adults is threefold higher than the OECD average, and is the highest of the
OECD nations [12].
Risk factors for developing depression have been well established [13]. Sociodemographic factors of age, gender, education level, and income and health-related factors
such as self-rated heath, chronic health conditions, and smoking have consistently been
identified as important risk factors for depressive symptoms and depression [14–17]. Previous epidemiological studies on depression have shown that older adults have additional
risk factors related to aging such as physical functioning and cognitive dysfunction [18].
According to the behavioral model of late-life depression [19], changes in health, cognitive
ability, and physical ability, combined with stressful life events such as bereavement, financial problems, and physical illness or disability of oneself or a family member, may lead to
limitations of activities and thereby a lower rate of positive outcomes, increasing the risk of
depression.
Previous studies have also identified exercise as a potent lifestyle factor that plays
a critical role in preventing depression and significantly reducing depressive symptoms
in clinical as well as nonclinical populations [20,21]. Exercise is defined as “a subset of
physical activity that is planned, structured, and repetitive”, with the objective of improving
or maintaining physical fitness [22]. A recent cross-sectional study (36,595 participants)
showed that engaging in exercise at least 1–2 times per week was related to 25% lower
odds of depressive symptoms in middle-aged adults (mean age = 41.7 years) [23]. A review
of 49 prospective studies (1,837,794 person-years) showed that people with a high degree
of physical activity or its subset, exercise, had 17% lower odds of developing depression
than those with a low degree [24]. A meta-analysis of 35 randomized controlled trials (1356
participants) also found that exercise was moderately effective at decreasing depressive
symptoms in depressed people [25]. A recent meta-analysis of 30 randomized controlled
trials (2110 participants) suggested causal relationships between exercise and depressive
symptoms in children and adolescents [26].
Despite the wealth of evidence supporting the positive effect of exercise on depressive
symptoms in the general population, the association between exercise and depressive
symptoms in older adults is inconclusive [27–30]. A meta-analysis of 30 prospective
controlled trials found no statistically significant effect of exercise on depressive symptoms
in the elderly [27]. A cluster-randomized controlled trial (891 participants) showed that
a moderately intense exercise program failed to reduce depressive symptoms in elderly
residents of care homes [28]. A recent cross-sectional study (586 participants) indicated
that exercise was not related to depressive symptoms in older adults [29]. Prior studies
on the effects of exercise on depressive symptoms among older adults had a number of
limitations. First, most were interventional studies that examined only clinically depressed
persons, or included both depressed and non-depressed persons but focused on the shortterm effects of exercise on depressive symptoms, often using small and highly selective
samples that may not have been representative of the overall population [27]. Second,
the association between exercise and depressive symptoms among older adults may be
moderated by other risk factors, such as physical functioning, or cognitive dysfunction.
Therefore, assessing the roles of these factors is necessary to determine the independent
influence of exercise. However, few studies have reported such results [24].
Hence, in the current study, using a unique data set from a nationally representative
survey conducted in 2016, we investigated the association between regular exercise and
depressive symptoms in Korean older adults by investigating three research questions:
(1) Does regular exercise affect depressive symptoms in Korean older adults? (2) Are there
gender differences in the relationships between regular exercise and depressive symptoms?
(3) Do health-related characteristics modify the effect of regular exercise on depressive
symptoms? We evaluated the influence of various health-related potential confounders
such as physical functioning, physical limitations, and cognitive impairment, that have
not been investigated before. In addition, we adopted a large sample that allowed us to
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examine interactions between key covariates that modify the effects of regular exercise.
This yielded much information for population-wide prevention strategies.
2. Materials and Methods
2.1. Data
We used cross-sectional data from the 2016 sixth-wave survey of the Korean Longitudinal Study of Aging (KLoSA) performed by the Korean Labor Institute. The KLoSA
is a nationally representative longitudinal study of adults aged ≥45 years. The KLoSA
has been conducted every even-numbered year since 2006 with the primary purpose of
generating the data needed to develop and implement socioeconomic policies to address
issues related to population aging [31]. Thus, the KLoSA gathered detailed information
on demographics, families, employment status, income, socioeconomic factors, health
behaviors, medical history, and health and functional status. Participants were selected
using a multistage stratified sample of households that represented the entire Korean population. All participants were interviewed using computer-assisted personal interviewing
(CAPI) methods. Detailed information on the approaches to survey and sample design
can be found at the KLoSA website (https://survey.keis.or.kr/eng/klosa/klosa01.jsp).
Recruitment was limited to adults older than 55 years and for whom data on hand-grip
strength (HGS) were available. A total of 5379 persons (81.3% of the total KLoSA sample of
6618), comprising 2334 men and 3045 women, was included in the final analysis.
2.2. Measures
2.2.1. Regular Exercise
Participants were asked whether they exercised regularly more than once per week,
and ”yes” or ”no” answers were recorded.
2.2.2. Depressive Symptoms
Depressive symptoms were assessed using the short-form (10-item) Center for Epidemiologic Studies–Depression (CES-D10) scale, a brief tool to measure depressive symptoms experienced in the past week. Of the ten items, eight were stated negatively and two
were stated positively. Item responses were rated on a four-point scale from 0 (occasionally
or less than once a day) to 3 (at all time or from five to seven days) with positive items
reverse scored. Each item is coded as 1 if it has a score of 1 or higher. Thus, the 10-item
scores ranged from 0 to 10. According to the cutoff validated in previous studies [32,33],
the 10-item score was recoded as a binary variable as “No depressive symptoms” (0–3) or
“Depressive symptoms” (4–10). The scoring validity and reliability of the CES-D10 and the
Korean version of the CES-D have been evaluated [32,34].
2.2.3. Key Covariates
Sociodemographic Characteristics
Age (years) was recorded using dummy variables representing 55–64, 65–74, or
75 years and over. Marital status was recorded using dummy variables representing
separated, divorced, widowed (0), or living with a spouse (1). Educational level was
categorized as primary school or less, middle school, high school, or college and above;
household income was classified by quartiles. Subjects were classified as living in a rural
area (0) or an urban area (1), and working status was classified as not currently working (0)
or currently working (1).
Health-Related Factors
We also adjusted for health-related factors related to depressive symptoms, such
as self-rated health, work limitations due to health, number of chronic diseases, body
mass index (BMI), HGS, physical disability, cognitive impairment, smoking, and alcohol
consumption. Self-rated health was assessed by the following questions: “How would
you rate your general health status?” There were five possible answers, which were di-
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chotomized as good (excellent, good) or fair/poor (fair, poor, very poor). Work limitations
due to health status were measured, beginning with a question about whether subjects
had difficulty participating in the labor market because of their health status. We divided
respondents into two groups depending on whether they answered ‘yes’ (1) or ‘no’ (0). The
number of chronic diseases was assessed by a self-reported disease history. Participants
could report one or more of eight physician-diagnosed diseases, including cancer, diabetes, hypertension, lung disease, liver disease, cardiac disorders, cerebrovascular disease,
psychiatric disease, and arthritis. BMI was evaluated by dividing body weight by height
squared (kg/m2 ), and the degree of obesity was evaluated based on BMI. We classified
BMI ≥25 kg/m2 as obese, 23–24.9 kg/m2 as overweight, and <23 kg/m2 as normal or
low weight according to the World Health Organization classification for Asian and South
Asian populations [35].
Physical functioning was measured by HGS, which has been used in observational
cohort studies and clinical settings [36,37]. HGS was measured using a hand-held grip
dynamometer (model number NO6103; Tanita Corp., Tokyo, Japan) after instructions
were given. Weak HGS was defined as HGS <30 and <20 kg in men and women, respectively [38]. The extent of disability was assessed using the Korean versions of the Activities
of Daily Living scale (K-ADL). Participants were asked whether assistance is required
when performing activities of daily living such as dressing, bathing, eating, continence,
washing face/hands, transferring, and toileting. Participants to need help performing one
or more of these activities were defined as having difficulty with ADLs. The K-ADL has
been validated in the Korean population [39]. To assess cognitive functional impairment,
the Korean version of the Mini-Mental State Examination (K-MMSE) was applied. The
K-MMSE contains 19 items with the maximum score of 30 points. Subjects who score more
than 25 points are classified as “normal”, those who score 21–24 points as having “possible
dementia”, and those with fewer than 20 points as having “confirmed dementia” [40,41].
In this study, participants were divided into normal and cognitive impairment (possible
dementia or dementia) groups. The scoring validity and reliability of the K-MMSE have
been demonstrated [41]. To account for health behavior factors, we also included smoking
and alcohol consumption. Subjects were classified as non-smokers or former smokers (0) or
current smokers (1). Alcohol consumption was identified as non-drinker (0) or drinker (1).
2.3. Statistical Methods
First, we performed a chi-squared test to examine the relationships between independent variables and depressive symptoms. Second, we assessed potential multi-collinearity
problems using the GVIF index by R function vif( ) [42]. All variables showed low values of
the index below 1.5 adjusting for the number of parameters. Next, we applied a multivariate logistic regression analysis to investigate the relationships between regular exercise and
depressive symptoms, adjusting for confounding variables such as age, gender, marital
status, education, household income, residential region, working status, self-rated health,
work limitations due to health, number of chronic diseases, BMI, HGS, ADL limitations,
cognitive impairment, and health behaviors. In addition, we calculated interaction terms
between gender and regular exercise in a multiple logistic regression model to assess
gender differences in the effect of regular exercise on depressive symptoms. Finally, to
determine whether health-related factors altered the effect of regular exercise on depressive
symptoms, we added the following interaction terms for regular exercise and health-related
factors to the multiple logistic regression: self-rated health, work limitations due to health,
number of chronic diseases, BMI, HGS, ADL limitations, and cognitive impairment. In addition, considering that the age of retirement is around 65 years in Korea, we partitioned
the sample into those aged 55–64 years and aged 65 years and older and repeated the
moderation analysis in each subsample to assess differences in physical conditions between
groups. All statistical analyses were conducted using R software ver. 3.3.
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3. Results
3.1. Sociodemographic and Health-Related Characteristics
The sociodemographic and health-related characteristics of the subjects are summarized in Table 1. Subjects with missing values for income or cognitive impairment were
defined as the “no-answer group”. The subjects’ ages ranged from 55 to 102 years, with a
mean of 69.56 ± 9.05 years. Of the 5379 subjects, 56.6% were women, 77.6% were married,
and 40.6% had been educated to primary school level or less. The majority of subjects
resided in urban areas (73.5%) and did not participate in the labor market (60.4%). Regarding health status, 70.2% reported their self-rated health as fair or poor, 30.5% experienced
work limitations due to their health status, and 67.3% suffered from at least one chronic
disease. In terms of BMI, 27.6% were overweight and 27.1% were obese. In terms of HGS,
ADL limitations, and cognitive impairment, 43.5% had weak HGS, 1.7% had difficulty in
one or more ADLs, and 22.0% exhibited cognitive impairment. Regarding health-related
behaviors, 11.0% and 34.7% were current smokers and alcohol users, respectively. Finally,
36.8% of the subjects reported that they exercised regularly once a week.
Table 1. Sociodemographic and health-related characteristics of the study population and prevalence of depressive
symptoms by sociodemographic and health-related characteristics, n (%).
No-Depressive
Symptoms
(n = 3617, 67.2%)

Depressive
Symptoms
(n = 1762, 32.8%)

69.56 ± 9.05
1872 (34.8)
1818 (33.8)
1689 (31.4)

1383 (73.9)
1252 (68.9)
982 (58.1)

489 (26.1)
566 (31.1)
707 (41.9)

<0.001

2334 (43.4)
3045 (56.6)

1672 (71.6)
1945 (63.9)

662 (28.4)
1100 (36.1)

<0.001

1205 (22.4)
4174 (77.6)

624 (51.8)
2993 (71.7)

581 (48.2)
1.181 (28.3)

<0.001

2185 (40.6)
955 (17.8)
1723 (32.0)
516 (9.6)

1282 (58.7)
689 (72.1)
1262 (73.2)
384 (74.4)

903 (41.3)
266 (27.9)
461 (26.8)
132 (25.6)

<0.001

1240 (23.1)
1242 (23.1)
1241 (23.1)
1241 (23.1)
415 (7.7)

774 (62.4)
728 (58.6)
828 (66.7)
1013 (81.6)
274 (66.0)

466 (37.6)
514 (41.4)
413 (33.3)
228 (18.4)
141 (34.0)

<0.001

1423 (26.5)
3956 (73.5)

1012 (71.1)
2605 (65.8)

411 (28.9)
1351 (34.2)

<0.001

3248 (60.4)
2131 (39.6)

1988 (61.2)
1629 (76.4)

1260 (38.8)
502 (23.6)

<0.001

ALL (n = 5379)
Sociodemographic Characteristics
Age (years)
Mean
55–64
65–74
75 years and older
Gender
Male
Female
Marital status
Separated, divorced, or widowed
Married
Education level
Primary school or less
Middle school
High school
College or above
Household income (quartile)
1Q (lowest)
2Q
3Q
4Q (highest)
No answer
Residential region
Rural
Urban
Working status
Not currently working
Currently working

p-Value a
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Table 1. Cont.

Heath status characteristics
Self-rated health
Fair or poor
Good
Work limitations due to health status
No
Yes
Number of chronic diseases
No disease
One disease
Two diseases or more
BMI (kg/m2 )
<23
23–24.9
≥25
Hand-grip strength
Normal
Weak
ADL limitations
No
Yes
Cognitive impairment
Normal
Cognitive impairment
No answer
Health behaviors characteristics
Smoking
Non or former smokers
Current smokers
Alcohol consumption
Non-drinker
Drinker
Regular exercise
No
Yes

ALL (n = 5379)

No-Depressive
Symptoms
(n = 3617, 67.2%)

Depressive
Symptoms
(n = 1762, 32.8%)

3776 (70.2)
1603 (29.8)

2331 (61.7)
1286 (80.2)

1445 (38.3)
317 (19.8)

<0.001

3736 (69.5)
1643 (30.5)

2765 (74.0)
852 (51.9)

971 (26.0)
791 (48.1)

< 0.001

1758 (32.7)
1675 (31.1)
1946 (36.2)

1314 (74.7)
1145 (68.4)
1158 (59.5)

444 (25.3)
530 (31.6)
788 (40.5)

<0.001

2437 (45.3)
1483 (27.6)
1459 (27.1)

1615 (66.3)
1044 (70.4)
958 (65.7)

822 (33.7)
439 (29.6)
501 (34.3)

<0.001

3037 (56.5)
2342 (43.5)

2283 (75.2)
1334 (57.0)

754 (24.8)
1008 (43.0)

<0.001

5286 (98.3)
93 (1.7)

3589 (67.9)
28 (30.1)

1697 (32.1)
65 (69.9)

<0.001

4090 (76.0)
1181 (22.0)
108 (2.0)

3028 (74.0)
541 (45.8)
48 (44.4)

1062 (26.0)
640 (54.2)
60 (55.6)

<0.001

4785 (89.0)
594 (11.0)

3189 (66.6)
428 (72.1)

1596 (33.4)
166 (27.9)

<0.001

3513 (65.3)
1866 (34.7)

2269 (64.6)
1348 (72.2)

1244 (35.4)
518 (27.8)

<0.001

3401 (63.2)
1978 (36.8)

2197 (64.6)
1420 (71.8)

1204 (35.4)
558 (28.2)

<0.001

p-Value a

Note: Percentages in the shaded areas are the column percentages of each variable. a Chi-squared test.

3.2. Prevalence of Depressive Symptoms by Sociodemographic and Health-Related Characteristics
Table 1 shows the prevalence of depressive symptoms according to sociodemographic
and health-related characteristics. Of the 5379 participants, 32.8% suffered from depressive
symptoms. Using 55–64 years of age as a reference, we found that the prevalence of depressive symptoms increased with age up to 75 years, and women had a higher prevalence
of depressive symptoms (36.1%) than men. Subjects who were divorced, separated, or
widowed had higher depression scores (48.2%) than their married counterparts. More
participants with less than a primary school education reported depressive symptoms
(41.3%) compared to those with a high school or college education, and those in the second
quartile of household income reported a higher prevalence of depressive symptoms (41.4%)
than those in the third or fourth quartile. Subjects who resided in urban areas had a
higher prevalence of depressive symptoms (34.2%) than rural residents, and subjects who
currently did not work had a higher prevalence of depressive symptoms (38.8%) than those
who did.
Regarding health status, subjects whose self-rated health was fair or poor had a
higher prevalence of depressive symptoms (38.3%) than those whose self-rated health
was good, and subjects who had two or more chronic diseases had a higher prevalence of
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depressive symptoms (40.5%) than those who had one or no chronic disease. Obese subjects
had a higher prevalence of depressive symptoms (34.3%) than those of normal weight
or overweight status. Subjects with weak HGS had a higher prevalence of depressive
symptoms (43.0%) than those with normal strength, and those with ADL limitations
reported a higher prevalence of depressive symptoms (69.9%) than those without such
impairment. Subjects with cognitive impairment reported a higher prevalence of depressive
symptoms (54.2%) than those without such impairment. Finally, more subjects who did
not engage in regular exercise (35.4%) reported having depressive symptoms compared
with those who did regular exercise.
3.3. Relationship between Regular Exercise and Depressive Symptoms and the Role of Gender
Regular exercise was significantly associated with depressive symptoms (odds ratio
[OR] = 1.18, 95% CI = 1.03–1.35), even after controlling for covariates (Table 2). Moreover,
there was no gender difference in the effect of regular exercise on depressive symptoms.
In the multiple logistic regression model, the interaction between gender and depressive
symptoms was not significant (p = 0.08). Regarding sociodemographic characteristics,
marital status (OR = 0.55, 95% CI = 0.47–0.64), household income (OR = 0.55, 95% CI = 0.44–
0.67), residential region (OR = 1.67, 95% CI = 1.43–1.94), and working status (OR = 0.84,
95% CI = 0.72–0.98) were related to depressive symptoms. Regarding health-related
characteristics, self-rated health status (OR = 0.58, 95% CI = 0.49–0.68), work limitation
(OR = 1.78, 95% CI = 1.55–2.04), HGS (OR = 1.49, 95% CI = 1.31–1.71), ADL limitations
(OR = 1.99, 95% CI = 1.23–3.23), and cognitive impairment (OR = 2.29, 95% CI = 1.95–2.67)
were related to depressive symptoms.
Table 2. Associations of regular exercise with depressive symptoms.
Odds Ratio (95% Confidence Interval)
Depressive Symptoms
Sociodemographic characteristics
Marital status
Separated, divorced, or widowed
Married
Education level
Primary school or less
Middle school
High school
College or above
Income (quartile)
1Q (lowest)
2Q
3Q
4Q (highest)
No answer
Residential region
Rural
Urban
Working status
Not currently working
Currently working
Health status characteristics
Self-rated health
Fair or poor
Good
Work limitations due to health status
No
Yes

1.00
0.55 (0.47–0.64) ‡
1.00
0.86 (0.71–1.04)
0.96 (0.80–1.14)
1.07 (0.82–1.39)
1.00
0.95 (0.79–1.14)
0.85 (0.70–1.02)
0.55 (0.44–0.67) ‡
1.12 (0.87–1.44)
1.00
1.67 (1.43–1.94) ‡
1.00
0.84 (0.72–0.98) †

1.00
0.58 (0.49–0.68) ‡
1.00
1.78 (1.55–2.04) ‡
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Table 2. Cont.
Odds Ratio (95% Confidence Interval)
Depressive Symptoms
Number of chronic diseases
No disease
One disease
Two diseases or more
BMI (kg/m2 )
<23
23–24.9
≥25
Hand-grip strength
Normal
Weak
ADL limitations
No
Yes
Cognitive impairment
Normal
Cognitive impairment
No answer
Health behavior characteristics
Smoking
Non or former smokers
Current smokers
Alcohol consumption
Non-drinker
Drinker
Regular exercise
Yes
No
†

1.00
1.06 (0.90–1.25)
1.11 (0.94–1.32)
1.00
0.95 (0.81–1.11)
1.01 (0.86–1.17)
1.00
1.49 (1.31–1.71) ‡
1.00
1.99 (1.23–3.23) ‡
1.00
2.29 (1.95–2.67) ‡
2.67 (2.08–2.85) ‡

1.00
0.89 (0.71–1.12)
1.00
1.05 (0.90–1.22)
1.00
1.18 (1.03–1.35) †

p < 0.05, ‡ p < 0.01. Models were adjusted for all other variables in Table 1.

3.4. Moderating Effect of HGS on the Relationship between Regular Exercise and Depressive
Symptoms by Age Group
The results show that HGS significantly moderated the effect of regular exercise on
depressive symptoms in the 65 years and older group, as shown in Table 3. A weak
HGS increased the association between regular exercise and depressive symptoms in the
65 years and older group (OR = 1.01 vs. 1.70, 95% CI = 1.05–1.96). These results show that
individuals 65 years and older who do not engage in regular exercise and who have weak
HGS may be more vulnerable to depressive symptoms. By contrast, the interactions of
regular exercise with self-rated health, work limitations due to health status, number of
chronic diseases, BMI, ADL limitations, and cognitive impairment were not statistically
significant.
Table 3. Odds ratios for the associations of depressive symptoms and regular exercise with HGS
including significant interaction effects.
Odds Ratio (95% Confidence Interval)
Regular Exercise
Yes
No
Age
55–64
65 years and older
†

Hand-grip strength
Normal
Weak
Normal
Weak

1
1.32 (0.86–2.02)
1
1.17 (0.87–1.44)

p < 0.05. Models were adjusted for all other variables in Table 1.

1.10 (0.82–1.43)
1.79 (0.78–2.25)
1.01 (0.75–1.23)
1.70 (1.05–1.96) †
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4. Discussion
This study investigated whether regular exercise is associated with depressive symptoms using survey data from a nationally representative sample of Korean older adults. We
found that regular exercise once a week was significantly negatively related to depressive
symptoms in Korean older adults, even after controlling for several sociodemographic
and health-related factors that affect depressive symptoms [18]. In addition, there was no
gender difference in the regular exercise—depressive symptoms association. Furthermore,
our findings show that a weak HGS increased the strength of the association between
regular exercise and depressive symptoms, which, to the best of our knowledge, has never
been reported previously.
Regarding the mechanism underlying the association, several can be postulated. Depression is related to structural brain abnormalities, including reductions in hippocampus,
prefrontal cortex, orbitofrontal, and anterior cingulate cortex volumes and white matter
integrity [43]. The hippocampus, which is involved in the processing of depression (such
as emotion processing, social cognition, and stress regulation), is the most affected area
in depressed individuals [44,45]. Cell biological and biochemical studies have shown
that exercise increases the circulation of several neurotrophic factors including brainderived neurotrophic factor (BDNF), fibroblast growth factors (FGF), insulin growth factor
1 (IGF-1), and vascular endothelial growth factor (VEGF) [46]. By increasing the supply of
neurotrophic factors, exercise invigorates a cascade of cellular mechanisms that generate
changes in brain structure and function, including in the hippocampus [43]. Exercise also
increases the availability of serotonin and norepinephrine, regulates HPA-axis activity,
reduces systemic inflammatory signaling, and increases resilience to oxidative stress, all
of which may contribute to decreasing depressive symptoms [43,46]. In addition, exercise has several psychosocial benefits that may affect depressive symptoms. Exercise
stimulates self-esteem and self-efficacy, which can affect depressive symptoms [47,48].
Moreover, exercise can improve social support by providing opportunities for interaction
and socialization [49].
Consistent with previous studies, we found that poor physical functioning, as measured by HGS, ADL limitations, and cognitive impairment were significantly related to
depressive symptoms in Korean older adults, even after adjusting for several sociodemographic and health-related covariates. Depressive symptoms are more frequent among the
oldest old [50]. This higher frequency is explained by factors associated with aging, such
as greater physical disability and increased cognitive impairment [51]. Previous empirical
studies have reported that health conditions associated with aging, especially reduced
physical functioning [52], disability [53], and cognitive impairment [54], are risk factors
for the onset of depressive symptoms and disorders among older adults. These constitute
major stressors that lead to a loss of perceived control and lower self-esteem [55]. For
example, decreased physical function and the awareness of cognitive impairment increases
fear of falling and the psychological reaction to the loss, respectively [56,57]. Decreased
physical function is linked to a loss of independent functioning and an increased rate of
disability [58]. Disability and cognitive impairment may increase the number of negative
life events and reduce the ability to engage in one’s usual social roles and maintain social contacts, which can lead to isolation and a reduced quality of social support, further
increasing the risk of depressive symptoms [59–61].
Although an understanding of moderators is important because it enables identification of subgroups that could particularly benefit from exercise, there is little empirical
evidence for moderators of the association between exercise and depressive symptoms. As
mentioned above, most studies of the effects of exercise on depressive symptoms have been
limited by a small sample size [27]. In contrast, we employed a nationally representative
survey dataset that contains various subpopulations, which allowed us to investigate how
the impact of exercise on depressive symptoms varies with sociodemographic and healthrelated factors. In this study, HGS moderated the association between regular exercise and
depressive symptoms in the 65 years and older group, indicating that the effect of regular
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exercise on depressive symptoms was stronger in participants with a weak HGS relative
to those with a normal HGS after controlling for sociodemographic characteristics and
health-related covariates. HGS is reported to reliably represent overall muscle strength and
comprehensive physical performance in older adults [36]. Our data support the claim that
the benefit of exercise is greatest in individuals with greater loss of physical function [51,62].
Health professionals needs to have a well-rounded understanding of the barriers to and
enablers of exercise for older adults with greater loss of physical function, including a weak
HGS, and develop an exercise plan tailored to the individual’s health status [63].
Gender is another important factor, and most studies have found that women have a
higher risk of depressive symptoms than men [64]. In addition, men report more frequent
exercise than women [65]. Despite these significant gender differences in depressive
symptoms and exercise behaviors, research has yet to settle whether exercise similarly
improves men’s and women’s depressive symptoms. Some studies have shown that the
effect of exercise on depressive symptoms may varies as a function of gender [25,66],
whereas others have found no evidence of gender differences in the relationship between
exercise and depressive symptoms [24]. Using data from a nationally representative sample
of older adults, we found no gender difference in the effect of regular exercise on depressive
symptoms, indicating that the effect of regular exercise may be independent of gender in
older people (p = 0.08).
Several limitations of our study should be considered. First, we employed a crosssectional design. Thus, we were unable to elucidate causal link between regular exercise
and depressive symptoms in older adults. However, several prospective cohort studies
have demonstrated that engaging in exercise was significantly associated with decreased
in developing future depression [24]. Second, we used self-reported questionnaires to
measure regular exercise, depressive symptoms, and covariates, all of which may be
affected by older adults’ memories and mood. Third, the missing indicator method was
adopted to address missing data [67]. In our data set, 7.7% of income data was missing
and 2.0% of data on cognitive impairment was missing, as identified by the number of “no
answer” responses. The results for the logistic regression excluding subjects with missing
data were comparable to those for the full analysis (n = 4863). Future studies should try to
overcome some of the limitations of this study.
5. Conclusions
Our findings suggest that regular exercise once a week was associated with a reduced
likelihood of depressive symptoms among Korean adults aged 55 years and older after
adjusting for sociodemographic characteristics and health-related covariates. Moreover,
exercise had a greater effect on depressive symptoms in individuals 65 years and older
with a weaker HGS. The findings suggest that healthcare professionals should promote
participation in regular exercise among older adults to prevent depressive symptoms, particularly for individuals with a greater loss of physical function. Furthermore, governments
and policy makers should attempt to encourage lifelong participation in exercise. Further
research is needed, particularly on strategies to promote exercise in older people with
greater loss of physical function.
Author Contributions: Conceptualization, Y.-M.K. and S.-i.C.; formal analysis, Y.-M.K. and S.-i.C.;
writing—original draft, Y.-M.K.; writing—review and editing, S.-i.C. All authors have read and
agreed to the published version of the manuscript.
Funding: The work was done by Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education, Grant Number:
NRF-2019R1I1A1A01059328.
Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board designated by Ministry of
Health and Welfare of Korea (P01-201905-21-012, 05.30.2019).
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Int. J. Environ. Res. Public Health 2021, 18, 303

11 of 13

Data Availability Statement: Publicly available datasets were analyzed in this study. This data can
be found here: https://survey.keis.or.kr/klosa/klosa01.jsp.
Acknowledgments: We thank the Korea Employment Information Service for conducting the KLoSA,
the primary source of the data used in this study.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

25.
26.
27.
28.

29.

United Nations Department of Economic and Social Affairs. Population Division. World Population Prospects 2019; United Nations
Department of Economic and Social Affairs: New York, NY, USA, 2019.
Statistics Korea. Elderly Statistics; Statistics Korea: Daejeon, Korea, 2018.
Statistics Korea. Elderly Statistics; Statistics Korea: Daejeon, Korea, 2020.
Niccoli, T.; Partridge, L. Ageing as a risk factor for disease. Curr. Biol. 2012, 22, 741–752. [CrossRef]
OECD Indicators. Health at a Glance 2019; OECD Indicators: Paris, France, 2019.
WHO. Mental Health of Older Adults. Available online: https://www.who.int/news-room/fact-sheets/detail/mental-healthof-older-adults (accessed on 10 October 2020).
Pan American Health Organization. Seniors and Mental Health. Available online: https://www.paho.org/hq/index.php?
option=com_content&view=article&id=9877:seniors-mental-health&Itemid=40721&lang=en (accessed on 10 October 2020).
Chapman, D.P.; Perry, G.S. Peer reviewed: Depression as a major component of public health for older adults. Prev. Chronic Dis.
2008, 5, 22.
Beekman, A.T.; Copeland, J.; Prince, M.J. Review of community prevalence of depression in later life. Br. J. Psychiatry 1999, 174,
307–311. [CrossRef] [PubMed]
Kok, R.M.; Reynolds, C.F. Management of depression in older adults: A Review. Jama 2017, 317, 2114–2122. [CrossRef] [PubMed]
Rodda, J.; Walker, Z.; Carter, J. Depression in older adults. BMJ 2011, 343. [CrossRef]
Center, K.S.P. Suicide White Book; Ministry of Health and Welfare: Sejong, Korea, 2019.
Beck, A.T.; Alford, B.A. Depression: Causes and Treatment; University of Pennsylvania Press: Philadelphia, PA, USA, 2009.
Kim, Y.M.; Cho, S.I. Socioeconomic status, work-life conflict, and mental health. Am. J. Ind. Med. 2020. [CrossRef]
Fergusson, D.M.; Goodwin, R.D.; Horwood, L.J. Major depression and cigarette smoking: Results of a 21-year longitudinal study.
Psychol. Med. 2003, 33, 1357. [CrossRef] [PubMed]
Chang-Quan, H.; Xue-Mei, Z.; Bi-Rong, D.; Zhen-Chan, L.; Ji-Rong, Y.; Qing-Xiu, L. Health status and risk for depression among
the elderly: A meta-analysis of published literature. Age Ageing 2010, 39, 23–30. [CrossRef] [PubMed]
De Stefano, R.; Bruno, A.; Muscatello, M.R.A.; Cedro, C.; Cicciù, A.; Rullo, R.; Gaeta, M.; Fiorillo, L. Oral Health and Fibromyalgia
Syndrome: A Systemic Review. J. Funct. Morphol. Kinesiol. 2020, 5, 7. [CrossRef]
Aziz, R.; Steffens, D.C. What are the causes of late-life depression? Psychiatr. Clin. 2013, 36, 497–516. [CrossRef]
Fiske, A.; Wetherell, J.L.; Gatz, M. Depression in Older Adults. Annu. Rev. Clin. Psychol. 2009, 5, 363–389. [CrossRef] [PubMed]
O’Neal, H.A.; Dunn, A.L.; Martinsen, E.W. Depression and exercise. Int. J. Sport Psychol. 2000, 31, 110–135.
Deslandes, A.C.; Moraes, H.; Ferreira, C.; Veiga, H.; Silveira, H.; Mouta, R.; Pompeu, F.A.; Coutinho, E.S.F.; Laks, J. Exercise and
Mental Health: Many Reasons to Move. Neuropsychobiology 2009, 59, 191–198. [CrossRef] [PubMed]
Caspersen, C.J.; Powell, K.E.; Christenson, G.M. Physical activity, exercise, and physical fitness: Definitions and distinctions for
health-related research. Public Health Rep. 1985, 100, 126–131. [PubMed]
Hallgren, M.; Kandola, A.A.; Stubbs, B.; Dung, N.T.T.; Wallin, P.; Andersson, G.; Ekblom-Bak, E. Associations of exercise frequency
and cardiorespiratory fitness with symptoms of depression and anxiety—A cross-sectional study of 36,595 adults. Ment. Health
Phys. Act. 2020, 19, 100351. [CrossRef]
Schuch, F.B.; Vancampfort, D.; Firth, J.; Rosenbaum, S.; Ward, P.B.; Silva, E.S.; Hallgren, M.; De Leon, A.P.; Dunn, A.L.; Deslandes,
A.C.; et al. Physical Activity and Incident Depression: A Meta-Analysis of Prospective Cohort Studies. Am. J. Psychiatry 2018, 175,
631–648. [CrossRef] [PubMed]
Cooney, G.M.; Dwan, K.; Greig, C.A.; Lawlor, D.A.; Rimer, J.; Waugh, F.R.; McMurdo, M.; Mead, G. Exercise for depression.
Cochrane Database Syst. Rev. 2013, 2013, CD004366. [CrossRef]
Wegner, M.; Amatriain-Fernández, S.; Kaulitzky, A.; Murillo-Rodriguez, E.; Machado, S.; Budde, H. Systematic Review of
Meta-Analyses: Exercise Effects on Depression in Children and Adolescents. Front. Psychiatry 2020, 11, 81. [CrossRef]
Forsman, A.K.; Schierenbeck, I.; Wahlbeck, K. Psychosocial interventions for the prevention of depression in older adults:
Systematic review and meta-analysis. J. Aging Health 2011, 23, 387–416. [CrossRef]
Underwood, M.; Lamb, S.E.; Eldridge, S.; Sheehan, B.; Slowther, A.-M.; Spencer, A.E.; Thorogood, M.; Atherton, N.; Bremner, S.A.;
Devine, A.; et al. Exercise for depression in elderly residents of care homes: A cluster-randomised controlled trial. Lancet 2013,
382, 41–49. [CrossRef]
Miller, K.J.; Mesagno, C.; McLaren, S.; Grace, F.; Yates, M.; Gomez, R. Exercise, Mood, Self-Efficacy, and Social Support as
Predictors of Depressive Symptoms in Older Adults: Direct and Interaction Effects. Front. Psychol. 2019, 10, 2145. [CrossRef]
[PubMed]

Int. J. Environ. Res. Public Health 2021, 18, 303

30.

31.
32.
33.
34.
35.
36.
37.

38.

39.
40.
41.
42.
43.

44.
45.

46.
47.
48.
49.
50.

51.
52.

53.
54.

55.
56.

12 of 13

Ashdown-Franks, G.; Stubbs, B.; Koyanagi, A.; Schuch, F.; Firth, J.; Veronese, N.; Vancampfort, D. Handgrip strength and
depression among 34,129 adults aged 50 years and older in six low-and middle-income countries. J. Affect. Disord. 2019, 243,
448–454. [CrossRef] [PubMed]
KEIS. About KLoSA. Available online: https://survey.keis.or.kr/eng/klosa/klosa01.jsp (accessed on 10 October 2020).
Irwin, M.; Artin, K.H.; Oxman, M.N. Screening for depression in the older adult: Criterion validity of the 10-item Center for
Epidemiological Studies Depression Scale (CES-D). Arch. Intern. Med. 1999, 159, 1701–1704. [CrossRef] [PubMed]
Cheng, S.T.; Chan, A.C. The center for epidemiologic studies depression scale in older Chinese: Thresholds for long and short
forms. Int. J. Geriatr. Psychiatry J. Psychiatry Late Life Allied Sci. 2005, 20, 465–470. [CrossRef]
Cho, M.J.; Kim, K.H. Diagnostic validity of the CES-D (Korean version) in the assessment of DSM-III-R major depression. J.
Korean Neuropsychiatr. Assoc. 1993, 32, 381–399.
Who, E.C. Appropriate body-mass index for Asian populations and its implications for policy and intervention strategies. Lancet
2004, 363, 157.
Rantanen, T.; Volpato, S.; Ferrucci, L.; Heikkinen, E.; Fried, L.P.; Guralnik, J.M. Handgrip Strength and Cause-Specific and Total
Mortality in Older Disabled Women: Exploring the Mechanism. J. Am. Geriatr. Soc. 2003, 51, 636–641. [CrossRef]
Soysal, P.; Hurst, C.; Demurtas, J.; Firth, J.; Howden, R.; Yang, L.; Tully, M.A.; Koyanagi, A.; Ilie, P.C.; López-Sánchez, G.F.; et al.
Handgrip strength and health outcomes: Umbrella review of systematic reviews with meta-analyses of observational studies.
J. Sport Health Sci. 2020. [CrossRef]
Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.-P.; Rolland, Y.; Schneider,
S.M.; et al. Sarcopenia: European consensus on definition and diagnosisReport of the European Working Group on Sarcopenia in
Older People. Age Ageing 2010, 39, 412–423. [CrossRef]
Won, C.W.; Rho, Y.G.; Kim, S.Y.; Cho, B.R.; Lee, Y.S. The validity and reliability of Korean Activities of Daily Living (K-ADL) scale.
J. Korean Geriatr. Soc. 2002, 6, 98–106.
Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-mental state”: A practical method for grading the cognitive state of patients for
the clinician. J. Psychiatric Res. 1975, 12, 189–198. [CrossRef]
Kang, Y.; Na, D.L.; Hahn, S. A validity study on the Korean Mini-Mental State Examination (K-MMSE) in dementia patients.
J. Korean Neurol. Assoc. 1997, 15, 300–308.
Fox, J. Package ‘car’. 2020. Available online: https://cran.r-project.org/web/packages/car/car.pdf (accessed on 10 October
2020).
Kandola, A.A.; Ashdown-Franks, G.; Hendrikse, J.; Sabiston, C.M.; Stubbs, B. Physical activity and depression: Towards
understanding the antidepressant mechanisms of physical activity. Neurosci. Biobehav. Rev. 2019, 107, 525–539. [CrossRef]
[PubMed]
Dranovsky, A.; Hen, R. Hippocampal neurogenesis: Regulation by stress and antidepressants. Biol. Psychiatry 2006, 59, 1136–1143.
[CrossRef]
Zheng, J.; Stevenson, R.F.; Mander, B.A.; Mnatsakanyan, L.; Hsu, F.P.K.; Vadera, S.; Knight, R.T.; Yassa, M.A.; Lin, J.J. Multiplexing
of Theta and Alpha Rhythms in the Amygdala-Hippocampal Circuit Supports Pattern Separation of Emotional Information.
Neuron 2019, 102, 887–898. [CrossRef]
Gujral, S.; Aizenstein, H.; Reynolds, C.F.; Butters, M.A.; Erickson, K.I. Exercise effects on depression: Possible neural mechanisms.
Gen. Hosp. Psychiatry 2017, 49, 2–10. [CrossRef]
Sonstroem, R.J.; Morgan, W.P. Exercise and self-esteem: Rationale and model. Med. Sci. Sports Exerc. 1989, 21, 329–337. [CrossRef]
Ryan, M.P. The antidepressant effects of physical activity: Mediating self-esteem and self-efficacy mechanisms. Psychol. Health
2008, 23, 279–307. [CrossRef]
Hallgren, M.; Lundin, A.; Tee, F.Y.; Burström, B.; Forsell, Y. Somebody to lean on: Social relationships predict post-treatment
depression severity in adults. Psychiatry Res. 2017, 249, 261–267. [CrossRef]
Luppa, M.; Sikorski, C.; Luck, T.; Ehreke, L.; Konnopka, A.; Wiese, B.; Weyerer, S.; König, H.-H.; Riedel-Heller, S. Age- and
gender-specific prevalence of depression in latest-life – Systematic review and meta-analysis. J. Affect. Disord. 2012, 136, 212–221.
[CrossRef]
Blazer, D.G. Depression in Late Life: Review and Commentary. J. Gerontol. Ser. Boil. Sci. Med. Sci. 2003, 58, 249–265. [CrossRef]
Fukumori, N.; Yamamoto, Y.; Takegami, M.; Yamazaki, S.; Onishi, Y.; Sekiguchi, M.; Otani, K.; Konno, S.-I.; Kikuchi, S.-I.;
Fukuhara, S. Association between hand-grip strength and depressive symptoms: Locomotive Syndrome and Health Outcomes in
Aizu Cohort Study (LOHAS). Age Ageing 2015, 44, 592–598. [CrossRef] [PubMed]
Yang, Y.; George, L.K. Functional disability, disability transitions, and depressive symptoms in late life. J. Aging Health 2005, 17,
263–292. [CrossRef] [PubMed]
Ismail, Z.; Elbayoumi, H.; Fischer, C.E.; Hogan, D.B.; Millikin, C.P.; Schweizer, T.; Mortby, M.E.; Smith, E.E.; Patten, S.B.; Fiest, K.M.
Prevalence of depression in patients with mild cognitive impairment: A systematic review and meta-analysis. Jama Psychiatry
2017, 74, 58–67. [CrossRef] [PubMed]
Schulz, R.; Heckhausen, J.; O’Brien, A. Control and the disablement process in the elderly. J. Soc. Behav. Personal. 1994, 9, 139.
Deshpande, N.; Metter, E.J.; Lauretani, F.; Bandinelli, S.; Guralnik, J.; Ferrucci, L. Activity restriction induced by fear of falling
and objective and subjective measures of physical function: A prospective cohort study. J. Am. Geriatr. Soc. 2008, 56, 615–620.
[CrossRef]

Int. J. Environ. Res. Public Health 2021, 18, 303

57.
58.
59.
60.
61.

62.
63.

64.
65.
66.
67.

13 of 13

Pan, C.-W.; Wang, X.; Ma, Q.; Sun, H.-P.; Xu, Y.; Wang, P. Cognitive dysfunction and health-related quality of life among older
Chinese. Sci. Rep. 2015, 5, 17301. [CrossRef] [PubMed]
Giampaoli, S.; Ferrucci, L.; Cecchi, F.; Noce, C.L.; Poce, A.; Dima, F.; Santaquilani, A.; Vescio, M.F.; Menotti, A. Hand-grip strength
predicts incident disability in non-disabled older men. Age Ageing 1999, 28, 283–288. [CrossRef]
Zautra, A.J.; Finch, J.F.; Reich, J.W.; Guarnaccia, C.A.; Guamaccia, C.A. Predicting the Everyday Life Events of Older Adults.
J. Pers. 1991, 59, 507–538. [CrossRef]
Steffens, D.C.; Hays, J.C.; Krishnan, K.R.R. Disability in geriatric depression. Am. J. Geriatr. Psychiatry 1999, 7, 34–40. [CrossRef]
Lenze, E.J.; Rogers, J.C.; Martire, L.M.; Mulsant, B.H.; Rollman, B.L.; Dew, M.A.; Schulz, R.; Reynolds, C.F. The association of
late-life depression and anxiety with physical disability: A review of the literature and prospectus for future research. Am. J.
Geriatr. Psychiatry 2001, 9, 113–135. [CrossRef] [PubMed]
North, T.C.; Mccullagh, P.; Tran, Z.V. Effect of Exercise on Depression. Exerc. Sport Sci. Rev. 1990, 18, 379–416. [CrossRef]
[PubMed]
Rachmah, Q.; Setyaningtyas, S.W.; Rifqi, M.A.; Indriani, D.; Nindya, T.S.; Megatsari, H.; Mahmudiono, T.; Kriengsinyos, W.
Self-efficacy to Engage in Physical Activity and Overcome Barriers, Sedentary Behavior, and Their Relation to Body Mass Index
Among Elderly Indonesians With Diabetes. J. Prev. Med. Public Health 2019, 52, 242–249. [CrossRef] [PubMed]
Nolen-Hoeksema, S.; Larson, J.; Grayson, C. Explaining the gender difference in depressive symptoms. J. Personal. Soc. Psychol.
1999, 77, 1061. [CrossRef]
Hands, B.; Parker, H. Male and Female Differences in Health Benefits Derived from Physical Activity: Implications for Exercise
Prescription. J. Womens Health Issues Care 2016, 5. [CrossRef]
De Oliveira, G.D.; Oancea, S.C.; Nucci, L.B.; Vogeltanz-Holm, N. The association between physical activity and depression among
individuals residing in Brazil. Soc. Psychiatry Psychiatr. Epidemiol. 2018, 53, 373–383. [CrossRef]
Bennett, D.A. How can I deal with missing data in my study? Aust. N. Z. J. Public Health 2001, 25, 464–469. [CrossRef]

