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Abstract
Background: Depression in the elderly has recently drawn considerable attention as a public health issue because of its signi�cant impact on the physical
and social relationship of these individuals. We examined the association of physical activity and marital status with depression in the elderly and the
related gender differences.

Methods: This study used the data of the Korea National Health and Nutrition Examination Survey (KNHANES) of 2014, 2016, and 2018. The participants
were 4,134 elderly individuals aged 65 years or older. The association of physical activity and marital status with depression was analyzed using logistic
regression.

Results: Out of 4,134 elderly participants, 318 had depression. Those not living with their spouse had higher prevalence of depression than those living
with their spouse (women: odds ratio [OR] = 1.35, 95% CI = 1.01-1.82; men: OR = 1.89, 95% CI = 1.05-3.39). Moreover, spouseless elderly who engaged in
physical activity was associated with depression (OR = 1.65, 95% CI= 1.04-2.62). In the case of elderly men, the risk of depression was 2.7 times higher for
those who lived alone without a spouse and engaged physical activity.

Conclusions: There was a gender difference in the association between marital status and depression, elderly men without spouses having higher risk of
depression. Policymakers need to devise health programs and policies to encourage older men to engage in social activities after retirement.

Introduction
In 2015, the Global Disease Burden Study reported that depression will become a major disability affecting quality of life and physical function by 2020(1).
Especially in recent years, with the growth of the elderly population, geriatric depression has become a major health concern among different ethnic
groups. Geriatric depression is strongly associated with increased mortality, suicidal thoughts, risk of chronic diseases, medical cost, and reduced quality
of life (2, 3). While common in the elderly, geriatric depression is not a symptom of normal aging (4). Depression can be caused by grief associated with
aging and due to bereavement and/or loss of physical, social, or cognitive functions (4, 5), and is affected by several physical and social factors in
combination.

The primary treatment for depression still consists in medication and psychotherapy, but lifestyle medication is a safe and cost-effective treatment (6).
Regular physical activity is a major behavioral factor in the prevention and treatment of depression. Previous studies reported that elderly individuals who
regularly engage in physical activities have reduced prevalence of depression compared with those who do not (7–9). This is due to the fact that physical
activity involves some psychological mechanisms, such as emotional function, inducing several neurochemical changes (10).

Marital status is also a major factor associated with depression in the elderly (11). Previous studies demonstrated that bereavement or divorce negatively
affect the mental health of the elderly who were left alone and causes depression, especially in men, who are at higher risk than women (5, 12, 13).
Regardless of the differences between Eastern and Western races or cultures, studies have uniformly shown that the elderly living with their spouse have
lower risk of depression (12–14).

Most previous studies focused on the relationship between either marital status or physical activity, and depression. However, as mentioned above, several
factors can cause depression, making it is necessary to study the relationship between the physical and social factors associated to depression.
Accordingly, the aim of the current study was to examine how the association between marital status and physical activity affects depression among
South Korean elderly, and how it differs between the genders.

Methods

Study participants and database information
This study used cross-sectional raw data from the Korea National Health and Nutrition Examination Survey (KNHANES) of 2014, 2016, and 2018. The
KNHANES is an epidemiological survey conducted by the Korea Centers for Disease Control and Prevention (KCDC) to monitor the health level, health
behaviors, and nutrition of the South Korean population (15). The survey was approved by the Institutional Review Board (IRB) of the KCDC (approval
number 2013-12EXP-03-05C for 2014, 2018-01-03-P-A for 2018). As for 2016, the KHANES was implemented without being reviewed by the IRB, according
to the Bioethics Act and Enforcement Rules. All participants signed a written informed consent form of voluntary participation.

There were 23,692 total participants in the KNHANES of 2014, 2016, and 2018. In particular, the KNHANES assessed depressive symptoms, using the self-
administered Patient Health Questionnaire-9 (PHQ-9), biannually since 2014. This study initially included all participants aged 65 years or older (n=4,871).
Individuals with missing data for marital status (n=37), physical activity (n=587), or PHQ-9 (n=662) were excluded, so that eventually 4,134 elderly
individuals were included in the analysis.

Assessment of depression
Depression was assessed using the PHQ-9, which is based on the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM- IV) (16). The
PHQ-9 is a self-administered depression screening tool for measuring major depression disorder over the previous two weeks (16). The PHQ-9 consists of
nine items rated on a four-point scale from 0 (never) to 3 (nearly every day), and the scores are summed to produce the total depression severity score
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which ranges between 0 and 27 points, with 10 or more points being de�ned as depression (16). The Korean version of the PHQ-9 showed high internal
consistency, with a Cronbach’s alpha of 0.86 (17).

Assessment of marital status and physical activity
Marital status was classi�ed by ‘yes’ (married) or ‘no’ (unmarried, divorced, widowed, or separated).

The physical activity level was evaluated by the Global Physical Activity Questionnaire (GPAQ), which was developed by the World Health Organization’s
(WHO) in its physical activity guidelines (18). The participants were classi�ed into two groups: those who performed at least 75 min/week of vigorous
intensity aerobic activity, at least 150 min/week of moderate intensity physical activity, or a combination of moderate and vigorous intensity activity (2 min
of moderate intensity activity being considered equivalent to 1 min of vigorous intensity activity) were assigned to the ‘active’ group; all others were
classi�ed as ‘inactive’.

Covariates
The covariates assessed in this study were gender, age (young-old: age 65-74; old-old: age ≥ 75 years), region (city/rural), education (middle school or
lower/ high school or higher), occupation (yes or no), household income (discretized based on quartile) current smoking status (yes or no), high-risk
alcohol consumption (yes or no), self-rated health (good: very good or good; bad: fair, poor, or very poor), number of chronic diseases (0, 1-2, or 3 or more).
Current smoking was de�ned as having smoked 100 or more cigarettes (�ve packs) in their lifetime. High-risk alcohol consumption was de�ned as seven
or more drinks for men and �ve or more for women twice or more per week. Chronic diseases included those investigated in the KNHANES, namely
dyslipidemia, diabetes, osteoarthritis, rheumatoid arthritis, asthma, hypertension, angina, myocardial infarction, stroke, and cancer. The types of cancer
included stomach, liver, colon, breast, cervical, lung, thyroid, and other cancers. The presence of each chronic disease was assessed by asking whether the
participant had been diagnosed by a physician or was currently under medication for the disease or to prevalence.

Statistical analysis
The general characteristics were analyzed by a chi-square test to assess differences by gender. The association between marital status, physical activity,
and depression was analyzed with odds ratios (ORs) and 95% con�dence intervals (CIs) obtained using binary logistic regression analysis. The combined
association of marital status and physical activity with depression by gender was also examined. All analyses were performed using SAS software, version
9.4 (SAS, Inc,. Cary, NC, USA), with P-values < 0.05 considered statistically signi�cant.

Results
Table 1 shows the prevalence of depression by demographic characteristics and gender. Out of 4,134 elderly people, 318 (7.7%) had depression, and 3,816
(92.3%) did not. In both men and women, marital status was signi�cantly associated with depression (p=0.0025 and p=0.0026, respectively), but physical
activity was not (p=0.1374 and p=0.4439, respectively) [Table 1].
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Table 1
Demographic and socioeconomic factors of study participants according to depression

Variable Depression

Total   Men     Women

Yes(N=318) No(N=3816) P

value

Yes(N=75) No(N=1737) P

value

Yes(N=243) No(N=2079) P

valueN % N % N % N % N % N %

Marital status          

Yes 163 5.8 2652 94.2 <.0001 58 3.6 1542 96.4 0.0025 105 8.6 1110 91.4 0.0026

No 155 11.8 1164 88.3 17 8.0 195 92.0   138 12.5 969 87.5

Physical activity          

Yes 90 6.3 1334 93.7 0.0164 25 3.3 729 96.7 0.1374 65 9.7 605 90.3 0.4439

No 228 8.4 2482 91.6 50 4.7 1008 95.3   178 10.8 1474 89.2

Age          

65-74 188 7.3 2378 92.7 0.2589 41 3.6 1104 96.4 0.1180 96 10.7 805 89.3 0.8120

75≤ 130 8.3 1438 91.7 34 5.1 633 94.9   147 10.3 1274 89.7

Region                  

city 225 7.4 2801 92.6 0.3059 51 3.8 1287 96.2 0.2398 174 10.3 1514 89.7 0.6866

rural 93 8.4 1015 91.6 24 5.1 450 94.9   69 10.9 565 89.1

Education                        

≤Middle

school

282 9.3 2755 90.7 <.0001 24 3.1 741 96.9 0.0660 231 11.6 1761 88.4 <.0001

High

school ≤

36 3.3 1056 96.7 51 4.9 994 95.1   12 3.7 315 96.3

Missing 5       2         3      

Occupation        

Yes 76 5.5 1319 94.5 0.0005 53 5.1 986 94.9 0.0578 54 8.7 569 91.3 0.2157

No 242 8.8 2495 91.2   22 2.9 750 97.1   189 11.1 1509 88.9  

Missing 2         1         1        

Household income          

1Q 214 11.0 1727 89.0 <.0001 47 6.4 689 93.6 0.0007 167 13.9 1038 86.1 <.0001

2Q 74 6.7 1030 93.3 17 3.3 501 96.7 57 9.7 529 90.3

3Q 20 3.2 596 96.8 8 2.5 308 97.5 12 4.0 288 96.0

4Q 9 2.0 441 98.0 3 1.3 230 98.7 6 2.8 211 97.2

Missing 23       9       14      

Current smoking          

Yes 27 7.1 354 92.9 0.6975 15 4.5 318 95.5 0.7417 12 25.0 36 75.0 0.0007

No 283 7.6 3421 92.4 61 4.1 1402 95.9 223 10.0 2019 90.0

Missing 49       17       32      

High-risk alcohol consumption          

Yes 4 2.5 154 97.5 0.0136 71 4.3 1584 95.7 0.3839 0 0.0 14 100.0 0.2019

No 310 7.9 3638 92.2 4 2.8 140 97.2 239 10.4 2054 89.6

Missing 28       13       15      

† Chronic disease included dyslipidemia, diabetes, osteoarthritis, rheumatoid arthritis, asthma, hypertension, angina, myocardial infarction, stroke,
cancer (stomach, liver, colon, breast, cervical, lung, thyroid, the others cancer)
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Self-rated health          

Good 8 0.9 902 99.1 <.0001 3 0.6 511 99.4 <.0001 5 1.3 391 98.7 <.0001

Bad 310 9.6 2913 90.4 72 5.6 1226 94.5 238 12.4 1687 87.6

Missing 1         0         1        

Chronic disease†          

0 32 4.7 648 95.3 <.0001 6 1.5 390 98.5 0.0011 26 9.2 258 90.9 0.0636

1~2 173 7.2 2225 92.8 44 4.2 1006 95.8 129 9.6 1218 90.4

3+ 113 10.7 943 89.3 25 6.8 341 93.2 88 12.8 602 87.2

† Chronic disease included dyslipidemia, diabetes, osteoarthritis, rheumatoid arthritis, asthma, hypertension, angina, myocardial infarction, stroke,
cancer (stomach, liver, colon, breast, cervical, lung, thyroid, the others cancer)

Table 2 shows the results of the binary logistic regression analysis of the association between marital status, physical activity, and depression by gender,
adjusted for age, education, region, occupation, household income, current smoking status, high-risk alcohol drinking, self-rated health, and chronic
diseases. Elderly men not living with their spouse had higher prevalence of depression than those living with their spouse (OR = 1.89, 95% CI = 1.05-3.39).
Similarly, elderly women not living with their spouse had a higher risk of depression than those living with their spouse (OR = 1.35, 95% CI = 1.01-1.82).
However, the association between physical activity and depression was not statistically signi�cant in either men or women (OR = 1.20, 95% CI= 0.72-1.9 9;
OR= 0.99, 95% CI= 0.72-1.36 respectively). The elderly individuals with the lowest income were 3.98-fold more at risk of depression than those in the
highest income level (1st quartile: OR = 3.98, 95% CI: 2.00-7.93; 2nd quartile: OR = 2.74, 95% CI= 1.35-5.57); while elderly individuals with lower education
level were 1.50 times more at risk of depression than those with higher education level (OR = 1.50, 95% CI = 1.02-2.21). Regarding self-rated health, elderly
people reporting “bad” health showed higher risk of depression than those reporting “good” health (OR = 8.40, 95% CI= 4.13-17.12). Elderly men affected by
more than three chronic diseases had a higher risk of depression than those without chronic diseases (OR = 3.26, 95% CI = 1.30-8.14) [Table 2].
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Table 2
The associations between socioeconomic factors and depression

Depression

Variable Total   Men   Women

OR 95% CI   OR 95% CI   OR 95% CI

Marital status

Yes 1.00     1.00     1.00  

No 1.43 1.10-1.87   1.89 1.05-3.39   1.35 1.01-1.82

Physical activity

Yes 1.00     1.00     1.00  

No 1.05 0.81-1.38   1.20 0.72-1.99   0.99 0.72-1.36

Sex

Men 1.00     1.00     1.00  

Women 1.63 1.18-2.26   -     -  

Age                

65-74 1.00     1.00     1.00  

75≤ 0.80 0.61-1.04   0.99 0.60-1.64   0.75 0.55-1.03

Region

City 1.04 0.79-1.36   0.87 0.51-1.46   1.14 0.83-1.56

Rural 1.00     1.00     1.00  

Education

≤Middle

school

1.50 1.02-2.21   1.17 0.69-1.97   2.14 1.16-3.95

High

school ≤

1.00     1.00     1.00  

Occupation

Yes 1.00     1.00     1.00  

No 1.32 0.99-1.76   1.43 0.83-2.45   1.24 0.88-1.74

Household income

1Q 3.98 2.00-7.93   3.27 0.97-11.03   4.20 1.81-9.73

2Q 2.74 1.35-5.57   2.12 0.60-7.43   3.04 1.28-7.24

3Q 1.48 0.66-3.31   1.83 0.47-7.05   1.31 0.48-3.58

4Q 1.00     1.00     1.00  

Current smoking

Yes 1.27 0.81-1.99   0.96 0.53-1.74   2.31 1.15-4.65

No 1.00     1.00     1.00  

High-risk alcohol drinking

Yes 1.00     1.00     1.00  

No 2.06 0.74-5.76   1.53 0.54-4.34   - -

Self-rated health

Good 1.00     1.00     1.00  

† Chronic disease included dyslipidemia, diabetes, osteoarthritis, rheumatoid arthritis, asthma, hypertension, angina, myocardial infarction, stroke,
cancer (stomach, liver, colon, breast, cervical, lung, thyroid, the others cancer)
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Depression

Bad 8.40 4.13-17.12   7.77 2.41-24.99   8.89 3.62-21.86

Chronic disease†

0 1.00     1.00     1.00  

1~2 1.21 0.81-1.81   2.49 1.05-5.94   0.88 0.56-1.41

3+ 1.52 1.00-2.32   3.26 1.30-8.14   1.09 0.67-1.76

† Chronic disease included dyslipidemia, diabetes, osteoarthritis, rheumatoid arthritis, asthma, hypertension, angina, myocardial infarction, stroke,
cancer (stomach, liver, colon, breast, cervical, lung, thyroid, the others cancer)

Figure 1 summarizes the results of the analysis of the association of the combined factors of marital status and physical activity with depression by
gender. We used the combined categories of spouse and physical activity, spouse and physical inactivity, spouseless and physical activity, spouseless and
physical inactivity, using spouse and physical activity as the reference group. We observed that elderly spouseless individuals performing physical activity
was associated with depression (OR = 1.65, 95% CI=1.04-2.62) than those in the reference group. In addition, spouseless men performing physical activity
had a higher risk of depression than the men in the reference group (OR=2.65, 95% CI=1.03-6.80). However, combinations of marital status and physical
activity were not signi�cantly associated with depression in women. An additional table �le shows this in more detail [Figure 1; see Additional �le 1].

Discussion
In this study, we examined the association between marital status, physical activity, and depression in Korean elderly aged 65 or older using the KNHANES
data (2014, 2016, and 2018 surveys). With the recent worldwide increase of health concerns regarding geriatric depression, this study is expected to
provide basic information for managing groups of elderly people at high risk for depression.

We found a gender-dependent association between marital status and depression, the risk of depression being higher in spouseless older men than women
(men: OR = 1.89, 95% CI = 1.05-3.39; women: OR = 1.35, 95% CI = 1.01-1.82). This result suggests that in gender, the absence of a spouse poses a high risk
of depression. Depression was also associated with education, gender, household income, self-rated health, and chronic disease. We performed regression
analysis by combining the factors of marital status and physical activity and found that the risk of depression was 1.65 times higher for elderly spouseless
individuals who performed physical activity. Among elderly men who performed physical activity, those living alone (including unmarried, divorced,
widowed, and separated) were 2.65 times more likely to suffer from depression than the those living with their spouse.

In terms of gender, a previous study showed that women aged 60 or older are at higher risk of depression than older men (19). The risk of depression
increases in adulthood owing to gender-role stereotypes and inequalities between women and men (2, 14). The speci�c factors associated with depression
may vary due to the cultural differences among countries. Confucian cultures can have a signi�cant impact on depression mediated by the inequality in
gender roles (14, 20). Among the demographic characteristics, economic factors and education levels also affect depression, with low household income
and education levels increasing the risk of depression (21). In general, highly educated people can alleviate depression by enjoying more opportunities to
participate in various social activities, thanks to their high awareness and wide interests (21).

In present study, older individuals with poor self-rated health and those with chronic diseases had high risk of depression. The risk of depression was
associated in the elderly with poor self-rated health in both genders (men: OR = 7.77, 95% CI = 2.41-24.99; women: OR = 8.89, 95% CI = 3.62-21.86).
Furthermore, elderly individuals with more than three chronic diseases were 1.52 times more at the risk of depression than those without chronic diseases.
Previous studies reported that self-rated health was a major predictor of depression in the elderly (22).

Physical activity, age, occupation, current smoking status, or high-risk alcohol drinking were not associated with depression in this study. The differences
with the results of previous studies might depend on the number of participants and the target age group. We analyzed 4,134 participants from three years
of data, among whom only 318 (7.7 %) had depression.

We found that marital status affected geriatric depression more than physical activity. The analysis of the combined association between marital status
and physical activity with depression showed that elderly individuals living alone and performing physical activity had a 1.65-fold higher risk of depression
than the reference group (Figure 1). Speci�cally, older physically active men without spouse had a 2.65-fold higher risk of depression than the reference
group. This result is in agreement with those of previous studies showing that older spouseless men are at higher risk of depression than spouseless older
women (12, 13). It is well known that older adults who feel loneliness or live alone (unmarried, divorced, widowed, or separated) are more prone to
depression than those who do not (11). Social isolation and loneliness also limit physical activity and cause prolonged sedentary behavior (23). According
to Jang et al.’s study showed that husbands receive more physical and emotional support from their wives (14). Furthermore, as is typical in patriarchal
Oriental family cultures, Korean older men tend to rely more on their spouses after retirement, so they suffer more grief after they separate from their
spouses (14). Therefore, the awareness of �xed gender roles should be improved in Korea, and it seems necessary to enable the elderly to actively
participate in social activities in order to ease the burden of depression among older adults (5).

Although this study found no association between physical activity and depression, many previous ones reported that regular physical activities such as
aerobic activity and �exibility exercises were effective lifestyle interventions to prevent depression in the elderly (6, 7, 24). This effect is due to the fact that
physical activity enables social support, such as communication with people and enhanced friendships, along with the promotion of psychological



Page 8/10

stability and health conditions (6). Wen et al.’s study indicated that low levels of exercise, de�ned as 15 minutes per day or 90 minutes per week at
moderate intensity, were bene�cial in preventing disease (25). Therefore, exercise intensity and duration for this age groups should be continuously studied
to further support policies to prevent depression and all-cause mortality (8).

The present study had several limitations. First, three years of data were collected, but the sample size was relatively small. Out of 4,134 people analyzed,
only 318 (7.7%) had depression, and some variables could not be analyzed because, for example, there were no elderly women with high-risk alcohol
consumption among the participants. Therefore, it is necessary to construe the results carefully. Second, this is a cross-sectional study, so that we cannot
prove any causal effect of marital status or physical activity on depression. Third, standards for physical activity for the elderly with world-proven reliability
are not available and could not be applied. Fourth, the KNHANES is a self-reporting survey of the general population in South Korea, based on subjective
answers by the participants and on limited quantitative measurements.

Despite these limitations, the study has several strengths. First, the KNHANES is a relatively large national community-based survey. Second, this study
found that elderly people without spouse had a higher risk of depression, with differences between the genders. Third, since the chosen independent
variables have a simple intuitive meaning, the results can be used as basic data to encourage social participation in the prevention of depression among
elderly.

Conclusions
In summary, there were gender differences in the combined effects of marital status and physical activity on depression. The elderly should practice
physical activity to prevent depression, and strive for their positive mental health by engaging in social activity after retirement. Therefore, policymakers
need to come up with health programs and policies to encourage older men to engage in social activities after retirement.
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Figures

Figure 1

The associations between marital status and physical activity and depression by sex PA= Physical activity; Adjusted for age, education, region, occupation,
household income, current smoking status, high-risk alcohol drinking, self-rated health, and chronic disease. * p>0.05
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