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Objectives: Socioeconomic disadvantages interact with numerous factors which affect geriatric mental health. One of the main fac-
tors is the social relations of the elderly. The elderly have different experiences and meanings in their social lives depending on their
socio-cultural environment. In this study, we compared the effects of social relations on depression among the elderly according to
their living arrangement (living alone or living with others) and residential area.

Methods: We defined social relations as “meetings with neighbors” (MN). We then analyzed the impact of MN on depression using data
from the Korean Longitudinal Study of Aging Panel with the generalized estimating equation model. We also examined the moderating
effect of living alone and performed subgroup analysis by dividing the sample according to which area they lived in.

Results: MN was associated with a reduced risk of depressive symptoms among elderlies. The size of the effect was larger in rural ar-
eas than in large cities. However, elderly those who lived alone in rural areas had a smaller protective impact of MN on depression,
comparing to those who lived with others. The moderating effect of living alone was significant only in rural areas.

Conclusions: The social relations among elderlies had a positive effect on their mental health: The more frequent MN were held, the
less risk of depressive symptoms occurred. However, the effect may vary depending on their living arrangement and environment.
Thus, policies or programs targeting to enhance geriatric mental health should consider different socio-cultural backgrounds among
elderlies.
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INTRODUCTION

Unfavorable socioeconomic conditions among the elderly
act as social determinants of health that both directly impact
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their health and interact with other factors [1]. Poor social con-
ditions increase the risk of geriatric depression. Race, sex, so-
cial relations, family structure, education level, area of resi-
dence, income, and living arrangement (alone or in a nursing
home) have been found to affect depression among the el-
derly [2]. In particular, the social relations may vary in terms of
characteristics and subjective meanings experienced by the
elderly depending on the environment. Also, the impact of so-
cial relations on health differs according to structural condi-
tions on a macroscopic level [3]. These upstream factors in-
clude cultural elements such as social norms and values, so-
cioeconomic elements such as the labor system and income
level, political elements such as legislation and policies, and
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social changes triggered by large-scale events such as pan-
demics or economic recessions [3]. In particular, the effect of
social relations may vary based on social capital, which refers
to the material and psychological resources acquired as a re-
sult of belonging to the social network of a certain group. The
impact of social relations on health may differ between bond-
ing social capital, which occurs among members who share
similar characteristics, and bridging social capital, which en-
compasses members with various backgrounds [3].

Previous studies have observed the preventive effects of so-
cial relations on depression [4,5]. In Korea, social relations have
been measured and evaluated for their correlation with de-
pression in terms of the following: appraisal social support,
belongingness social support, loneliness [6], variety of associa-
tions [7], numbers of friends and neighbors, frequency of re-
mote contact, frequency of visits [8,9], volunteer work, use of
senior centers, participation in social groups, participation in
community classes [10], and the the Korean version of the
Lubben Social Network Scale [11,12]. Because the impact of
social networks may differ based on the characteristics and
conditions of individual elderly, subjects need to be classified
into smaller subgroups, and various types of effects—such as
mediating effects and moderating effects—should be taken
into consideration [13]. This study focused on living arrange-
ments and area of residence as factors that influenced the ef-
fects of social relations on depression. The number of the el-
derly who live alone is steadily rising in Korea [14], and living
alone poses a risk of depression [15,16]. In addition, living
alone has been found to moderate the effect of social integra-
tion on depression [10]. Area of residence must also be consid-
ered as a factor constituting the context of social relations. In
previous studies, the factors associated with depression varied
between urban and rural areas [17], and the effects of social
factors on geriatric depression were dependent on the coun-
try and area of residence [18]. Bridging social capital may be
more prominent in urban areas, whereas bonding social capi-
tal may be more dominant in rural areas [7]. Assuming that
the characteristics of social capital impact the effects of social
relations, the effects of social relations may vary depending on
the area of residence.

While many studies have investigated how social relations
influence depression, and some of these studies have included
singular moderating variables and stratification variables
[7,10,18], no studies have yet been conducted on how moder-
ating effects vary with context. This study used meetings with
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neighbors (MN) as the operational definition of social relations
and aimed to observe changes in the effects of social relations
on depression according to the elderly’s living arrangements
and areas of residence. In addition, this study aimed to verify
the differences in the moderating effects of living alone ac-
cording to the area of residence. The hypotheses of this study
were as follows: (1) social relations among the elderly reduce
depressive symptoms, (2) living arrangement (living alone or
living with others) of the elderly has a moderating effect on
the relationship between social relations and depressive
symptoms, and (3) the effect of social relations and the mod-
erating effect of living arrangements varies according to the
area of residence.

METHODS

Data Source

This study used biannual data from the Korean Longitudinal
Study of Aging (KLoSA) conducted from 2006 to 2018. The
KLoSA is a panel dataset that examined various aspects of the
aging population, specifically Koreans aged 45 and over, in or-
der to supply basic data for policy development and academic
research [19]. The target population of the present study was
individuals aged 65 and older who had previous measure-
ments for depressive symptoms values, thereby eliminating
wave 1. Among the 25 042 observations that met the criteria,
1794 (7.2%) were excluded due to missing values, and an un-
balanced panel composed of 23 248 observations was ulti-
mately constructed (Supplemental Material 1).

Measures
Depressive symptoms

Using the Center for Epidemiologic Studies Depression Scale
10 (CES-D-10), which measures the severity of depressive symp-
toms, outcome variables were dichotomized with a score of
4 points as the cut-off [20]. The CES-D-10 is an extensively ap-
plied tool for measuring depressive symptoms, and after veri-
fying its validity and measurement invariance, it was deter-
mined that the measured scores were appropriate for inter-
group comparisons [21].

Social relations

The explanatory variable MN was measured using the ques-
tion, “Do you have nearby friends, relatives, or neighbors, and,
if so, how often do you meet?” Possible answers were divided
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into 2 categories, with “less than once a week”and “once a week
or more!’In previous studies, frequent meetings with non-family
members such as friends and neighbors were found to be as-
sociated with lower mortality rates [22].

Living arrangement and residential area

Living arrangements—the moderating variable—were clas-
sified as either“living alone” or “living with others.” For the area
of residence—the stratification variable—Ilarge cities were
defined as metropolitan areas with “dong” (neighborhood)
unit districts, small and medium cities were defined as prov-
inces made up of “dong” (neighborhood) unit districts, and ru-
ral areas were defined as provinces made up of “eup” (town-
ship) and “myeon” (town) unit districts.

Covariates

The control variables included age, sex, education, income,
economic activity status, religion, subjective health status, in-
strumental activities of daily living (IADL), chronic diseases, re-
lationship with children, and previous depressive symptoms
[23]. Age groups were divided into 65 to 74, 75 to 84, and 85
and older, and sex was classified as either male or female. Edu-
cation level was classified into 2 categories (9 years and more
[middle school degree or higher] or less than 9 years), and in-
come was divided into quartiles of total annual income. Reli-
gion was categorized as no religion, Buddhist, Protestant, Cath-
olic, or other. Relationship with children reflects both the fre-
quency of remote contact and in-person meeting, and each
was classified into 2 categories, with “less than once a week”
and “once a week or more.” Though relationships with children
can be considered an element of social relations, it was used
as a control variable in this study since the difference in the ef-
fect of this variable according to the socio-cultural environ-
ment was predicted to be not significant. Health status includ-
ed the participants’ subjective health status, IADL, and chronic
diseases. The responses for subjective health status were clas-
sified into 2 sub-categories—"very good," “fairly good,” and
“average” were categorized as “good” while “bad” and “very
bad” were categorized as “bad.” The IADL was classified into
two categories, if there were any aspects of needs for assistance
in daily life, it was categorized as “limited.” Chronic diseases
were divided into 2 categories based on any history of previ-
ous diagnoses.
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Statistical Analysis

Figure 1 is a causal graph that depicts the associations be-
tween variables. The generalized estimating equation (GEE),
which incorporates the autocorrelation problem of the data
based on the assumption of a working correlation matrix, was
used for the analysis [24]. Since living arrangements do not
change greatly with time, social relations could not be regard-
ed as independent from unmeasured heterogeneity, and since
the focus of the study was the effect at the population level, a
GEE model was determined to be most appropriate [25]. In
model 1, the effect of social relations was identified using uni-
variate analysis. In model 2, living arrangements were added,
and in model 3, the moderating effect of living arrangements
on social relations was identified with an interaction term. In
models 4 to 6, the adjusted effect was identified by adding
control variables to models 1 to 3. Model 6 is shown below,
and subgroup analysis was performed to make inter-regional
comparisons to identify differences in the effects of social rela-
tions according to living arrangement and area of residence.

; ( p(Depy)

n 1= p(Dep )) = ﬂo + ﬁlsRu + BzAllmeit + [ﬁDepiH + [34Zit + 555‘Ru * AlOneit + CORRM + €t
it.

The quasi-likelihood under the independence model criteri-
on (QIC) value of the model was compared among the work-
ing correlation structures and the independent correlation
structure, with the lowest QIC value being used for the analy-
sis. Stata version 14 (StataCorp., College Station, TX, USA) was
used as the statistics package.

Ethics Statement

The authors of this study submitted the research proposal
to the Seoul National University Institutional Review Board,
and an exemption was approved (IRB No. E2104/002-001).
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RESULTS

The proportion of elderly who met with close neighbors
more than once per week was highest in rural areas (74.0%),
followed by large cities (63.0%) and small and medium cities
(56.1%), while the proportion of elderly who lived alone was
highest in rural areas (20.0%), followed by large cities (18.5%)
and small and medium cities (18.2%). The proportion of elder-
ly who suffered depressive symptoms was highest in small
and medium cities (54.1%), followed by rural areas (53.4%)
and large cities (49.0%) (Table 1).

Table 2 shows factors related to depressive symptoms
among all of the study participants. In model 1, MN was found
to be associated with a reduced risk of depressive symptoms
(odds ratio [OR], 0.56; 95% confidence interval [Cl], 0.52 to
0.60), and in model 2, living alone was found to be associated
with an increased risk of depressive symptoms (OR, 1.66; 95%

Characteristics (,,0:";; ;IIIIB) L?;fggg;Ts
Sociodemographic factors
Age
65-74 12 467 (53.6) 5075 (54.6)
75-84 8616 (37.1) 3320(35.9)
>84 2165 (9.3) 858(9.3)
Sex
Female 13 267 (57.1) 5309 (57.4)
Male 9981 (42.9) 3944 (42.6)
Income (quartiles)
High 6064 (26.1) 2389 (25.8)
Middle-high 6089 (26.2) 2509 (27.1)
Middle-low 5992 (25.8) 2406 (26.0)
Low 5103 (22.0) 1949 (21.1)
Education (y)
<9 14738 (63.4) 5270 (57.0)
=9 8510 (36.6) 3983 (43.0)
Economic activity
Active 5316 (22.9) 1444 (15.6)
Inactive 17932 (77.1) 7809 (84.4)
Religion
No religion 12 414 (53.4) 4584 (49.5)
Protestant 4373(18.8) 1869 (20.2)
Catholic 1744.(7.5) 870(9.4)
Buddhist 4533 (19.5) 1853 (20.0)
Other 184(0.8) 77(0.83)
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Cl, 1.52 to 1.81). However, in model 3, the moderating effect of
living alone on the effect of social relations was found to be
insignificant. The size of the effect in models 4 to 6, to which
control variables were added, was slightly lower, but the direc-
tion and significance remained similar.

Table 3 shows the outcome of the subgroup analysis per-
formed using the GEE for models 5 and 6 according to the area
of residence. In model 5 of each area, the effect of MN on de-
pressive symptoms was greatest in small and medium cities
(OR, 0.46; 95% Cl, 0.40 to 0.52), followed by rural areas (OR,
0.64; 95% Cl, 0.57 to 0.73) and large cities (OR, 0.76; 95% Cl
0.69 to 0.85), while the effect of living alone was greatest in
large cities (OR, 1.47; 95% Cl, 1.29 to 1.68), followed by small
and medium cities (OR, 1.24; 95% Cl, 1.07 to 1.45) and rural ar-
eas (OR, 1.18; 95% Cl, 1.02 to 1.37). When comparing model 5
and model 6, model 5 was most appropriate for large cities
and small and medium cities whereas model 6 was more ap-

Rural areas Medium/small cities

(n=7081) (n=6914) p-value
<0.001
3561 (50.3) 3831 (55.4)
2807 (39.6) 2489 (36.0)
713(10.1) 504 (.6)
0711
1035 (57.0) 3923 (56.7)
3046 (43.0) 2991 (433)
<0.001
1870 (26.4) 1805 (26.1)
1725 (24.4) 1855 (26.8)
1780 (25.1) 1806 (26.1)
1706 (24.1) 1448 (209)
<0.001
5455 (77.0) 1013 (58.0)
1626 (23.0) 2901 (42.0)
<0.001
2529 (35.7) 1343 (19.4)
1552 (64.3) 5571 (80.6)
<0.001
1294 (60.6) 3536 (51.1)
1060 (15.0) 1444 (20.9)
232(33) 642 (9.3)
1448 (20.4) 1232 (17.8)
17(07) 60(0.9)

(Continued to the next page)
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Table 1. Continued from the previous page

Characteristics Overall Large cities Rural areas Medium/small cities p-value
(n=23 248) (n=9253) (n=7081) (n=6914)
Health status
Subjective health status 0.142
Bad 9489 (80.8) 3717 (40.2) 2953 (41.7) 2819 (40.8)
Good 13759 (59.2) 5536 (59.8) 4128 (58.3) 4095 (59.2)
Chronic disease <0.001
>1 18 109(77.9) 7284 (78.7) 5253 (74.2) 5572 (80.6)
None 5139 (22.1) 1969 (21.3) 1828 (25.8) 1342 (19.4)
IADL 0.006
Limited 4170 (17.9) 1751 (18.9) 1233 (17.4) 1186 (17.2)
Not limited 19078 (82.1) 7502 (81.1) 5848 (82.6) 5728 (82.8)
Social relations
Meetings with neighbors <0.001
<1/wk 8302 (35.7) 3426 (37.0) 1844 (26.0) 3035 (43.9)
>1/wk 14 946 (64.3) 5830 (63.0) 5237 (74.0) 3879 (56.1)
Relationship with children
Meetings with children <0.001
<1/wk 17 568 (75.6) 6920 (74.8) 5664 (80.0) 4984 (72.1)
=>1/wk 5680 (24.4) 2333(25.2) 1417 (20.0) 1930 (27.9)
Remote contact with children <0.001
<1/wk 7504 (32.3) 3158 (34.1) 2254 (31.8) 2092 (30.3)
=>1/wk 15 744 (67.7) 6095 (65.9) 4827 (68.2) 4822 (69.7)
Living arrangement 0.009
Lived alone 4388 (18.9) 1713 (18.5) 1419(20.0) 1256 (18.2)
Lived with others 18 860 (81.1) 7540 (81.5) 5662 (80.0) 5658 (81.8)
Depressive symptoms
CES-D-10 score <0.001
<4 11193 (48.2) 4722 (51.0) 3300 (46.6) 3171 (45.9)
=4 12 055 (51.8) 4531 (49.0) 3781 (53.4) 3743 (54.1)
Previous CES-D-10 score <0.001
<4 11 960 (51.5) 5045 (54.5) 3480 (49.2) 3435 (49.7)
>4 11288 (48.5) 4208 (45.5) 3601 (50.8) 3479 (50.3)

Values are presented as number (%).
IADL, Instrumental Activities of Daily Living; CES-D-10, Center for Epidemiologic Studies Depression Scale-10.

Table 2. Generalized estimating equation models for associations between depressive symptoms and related factors among Ko-
rean seniors

i Crude Adjusted
Variables
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Meetings with neighbors

<1/wk 1.00 (reference) ~ 1.00 (reference)  1.00 (reference) 1.00 (reference) ~ 1.00 (reference)  1.00 (reference)

>1/wk 0.56(0.52,0.60) 0.54(0.50,0.58) 0.52(0.48, 0.56) 0.62(0.58,0.67) 0.61(0.57,0.66) 0.60(0.56, 0.65)
Living arrangement

Lived with others - 1.00 (reference) ~ 1.00 (reference) - 1.00 (reference) ~ 1.00 (reference)

Lived alone - 1.66(1.52,1.81) 1.73(1.57,1.91) - 1.29(1.19,1.40) 1.34(1.22,1.48)
Meetings with neighbors by lived alone - - 0.85(0.73, 1.00) - - 0.87(0.74,1.03)

(Continued to the next page)
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Variables

Age (y)
65-74
75-84
>84
Sex
Male
Female
Education (y)
<9
>9
Income (quartiles)
Low
Middle-low
Middle-high
High
Economic activity
Inactive
Active
Religion
No religion
Protestant
Catholic
Buddhist
Others
Subjective health status
Bad
Good
IADL
Not limited
Limited
Chronic disease
None
>1
Meetings with children
<1/wk
=1/wk

Remote contact with children

<1/wk
>1/wk
Previous CES-D-10 score
<4
>4
Observations
Wald o
DF

pvalue of incremental x?

Model 1

23 248

278.4

1

Crude
Model 2

23 248

426.3
2

<0.001

Values are prestend as odds ratio (35% robust confidence interval).
IADL, instrumental activities of daily living; CES-D-10, Center for Epidemiologic Studies Depression Scale-10; DF, degree of freedom.

Model 3

23 248

432.7
3

0.01

Model 4

1.00 (reference)
1.14(1.08,1.22)
0.92(0.82, 1.04)

1.00 (reference)
1.13(1.05,1.22)

1.00 (reference)
0.81(0.75, 0.87)

1.00 (reference)
0.97(0.89, 1.05)
0.97(0.89, 1.06)
0.83(0.75, 0.92)

1.00 (reference)
0.80(0.74, 0.87)

1.00 (reference)
1.00(0.92, 1.08)
0.93(0.83, 1.05)
0.87(0.80, 0.94)
0.60(0.43, 0.83)

1.00 (reference)
0.42(0.39, 0.45)

1.00 (reference)
1.55(1.41,1.70)

1.00 (reference)
0.93(0.86, 1.01)

1.00 (reference)
0.97(0.90, 1.04)

1.00 (reference)
0.81(0.76, 0.87)

1.00 (reference)
4.22(3.94,4.52)
23248
3682.5
19
<0.001
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Adjusted
Model 5

1.00 (reference)
1.13(1.06, 1.21)
0.91(0.80, 1.02)

1.00 (reference)
1.08(1.00, 1.17)

1.00 (reference)
0.81(0.75, 0.88)

1.00 (reference)
0.94(0.86, 1.03)
0.93(0.85, 1.02)
0.80(0.72, 0.88)

1.00 (reference)
0.81(0.75, 0.88)

1.00 (reference)
1.00(0.92, 1.09)
0.94(0.83, 1.06)
0.87(0.80, 0.94)
0.60(0.43, 0.84)

1.00 (reference)
0.42 (0.39, 0.45)

1.00 (reference)
1.57(1.43,1.72)

1.00 (reference)
0.93(0.86, 1.01)

1.00 (reference)
0.97(0.90, 1.04)

1.00 (reference)
0.82(0.76, 0.87)

1.00 (reference)
4.17(3.90, 4.47)
23248
37141
20
<0.001

Model 6

1.00 (reference)
1.13(1.06, 1.21)
0.91(0.80, 1.02)

1.00 (reference)
1.08(1.00, 1.17)

1.00 (reference)
0.81(0.75, 0.88)

1.00 (reference)
0.94(0.86, 1.03)
0.93(0.85, 1.01)
0.80(0.72, 0.88)

1.00 (reference)
0.81(0.75, 0.88)

1.00 (reference)
1.00(0.92, 1.09)
0.94(0.83, 1.05)
0.87(0.80, 0.94)
0.60(0.43, 0.84)

1.00 (reference)
0.42 (0.39, 0.45)

1.00 (reference)
1.57(1.43,1.72)

1.00 (reference)
0.93(0.86, 1.01)

1.00 (reference)
0.97(0.90, 1.04)

1.00 (reference)
0.82(0.76, 0.87)

1.00 (reference)
4.17(3.90, 4.47)
23248
3714.4
21
>0.999
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Table 3. Regional comparison of generalized estimating equation models for associations between depressive symptoms and

related factors among Korean seniors

Large cities

Rural areas Medium/small cities

Variables'
Model 5 Model 6

Model 5 Model 6 Model 5 Model 6

Meetings with neighbors
< 1/wk
= 1/wk

Living arrangement

1.00 (reference)
0.77(0.69, 0.87)

1.00 (reference)
0.76 (0.69, 0.85)
1.00 (reference)

Lived with others 1.00 (reference)

1.00 (reference)
0.44(0.39, 0.51)

1.00 (reference)
0.46 (0.40, 0.52)

1.00 (reference)
0.60(0.52, 0.69)

1.00 (reference)
0.64(0.57,0.73)

1.00 (reference)  1.00 (reference) 1.00 (reference)  1.00 (reference)

Lived alone 1.47(1.29,1.68) 1.43(1.22,167) 1.18(1.02,1.37) 129(1.09,1.52)  1.24(1.07,1.45) 1.33(1.11, 1.60)
Meetings with neighbors by lived alone 1.11(0.85, 1.45) 0.66 (0.48, 0.92) 0.81(0.59, 1.11)
Observations 9253 9253 7081 7081 6914 6914
Wald o 1467.9 1469.8 1004.9 1010.6 1325.7 1324.7
DF 20 21 20 21 20 21
pvalue of incremental 0.157 0.014 >0.999
Values are presented as adjusted odds ratio (95% robust confidence interval).

DF, degree of freedom.

'Control variables were omitted.

Al Large cities A Rural areas Al Medium/small cities

© 070 © 070 2 070 Lving with ofh

! ! ! - - Living with others
E 065 |+ cz 065 - g 0.65 - —— Living alone
o 060 o 060 o 060
£ 055 Z 0585 Z 055
B 050 f 8 050 | 8 050 |
S 045 | S 045 | S 045 | H
8 <1/wk >1/wk e <1/wk >1/wk = <1/wk >1/wk

Frequency of MN o Frequency of MN e Frequency of MN 0

Figure 2. Regional comparison of predictive probability of elderly depression by living arrangements and social relations (A) la-
grge cities, (B) rural areas, and (C) medium/small cities. MN, meeting with neighbors; CES-D-10, Center for Epidemiologic Studies

Depres sion Scale-10.

propriate for rural areas. The moderating effect of living alone
was found to be significant only in rural areas (OR, 0.66; 95%
(l,0.48100.92).

Figure 2 shows the different effects of MN on depressive
symptoms according to living arrangements for each region.
MN showed a clear effect in terms of reducing the risk of de-
pressive symptoms among the elderly who lived alone in rural
areas compared to their counterparts who lived with others.

DISCUSSION

In the descriptive analysis, half of the elderly overall were
found to have experienced depressive symptoms. In the 2017
Survey of the Living Conditions of the Elderly, only 3.0% of the
elderly were diagnosed with depression [26]. However, even

taking into consideration that not all depressive symptoms
meet the medical diagnostic standards of major depressive
disorders, it is likely that the depressive symptoms of many el-
derly people are not adequately managed. While mental health
promotion programs conduct screenings for depression and
make efforts to improve public awareness of depressive disor-
ders in Korea, the service usage rate is still inadequate, and the
rate of antidepressant use in Korea is among the lowest of the
Organization for Economic Cooperation and Development
member countries [27]. Since the elderly are at greater risk of
depression than other age groups, more policy efforts are need-
ed to identify and manage their depression.

The elderly in rural areas met with close neighbors more fre-
quently than their counterparts who lived in large or small and
medium cities. This implies that bonding social capital may be
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relatively dominant in rural areas. The previous studies have
shown differences in local social capital between residential
areas in Korea: The level of trust among neighbors and the ad-
herence to social norms were higher in rural areas than in
large cities. In addition, rural residents perceived social net-
works as more favorable, whereas organizational activities
seeking private profit were less active among them [28]. These
findings support the interpretation that bonding social capital
is more commonly found in rural areas, whereas bridging so-
cial capital is more common in urban areas.

The GEE model analysis suggested that MN was associated
with a reduced risk of depressive symptoms. The results of ear-
lier studies also support the finding that frequent meetings
with close neighbors have a protective effect on depression
[29,30]. Based on the previous study that analyzed the mecha-
nism of depression-alleviating effects of social relations [3,31],
the results of the present study suggest that the exchange of
social support plays an important role in the effects of MN. Ac-
cording to the Survey of the Living Conditions of the Elderly,
78.2% of the elderly met with friends, neighbors, and acquain-
tances more than once per week. This proportion was higher
in the following conditions: in rural areas, among women and
employed elderly. Also, the frequency of meetings was higher
among elderlies with poor socioeconomic conditions includ-
ing those who lived alone, were uneducated, and had a low
income [26]. These results are possibly due to the elderly try-
ing to resolve their socioeconomic hardships through social
relations. Thus, it is necessary to promote positive mutual ex-
change such as informal group reunions since relationships
with neighbors are a key component in the lives of the elderly.
Also, both tangible and intangible resources needed to sustain
social relations should be supported. Facilitating informal group
participation may be an effective measure to do this [32].

The results of inter-regional comparisons showed that the
effects of MN were greatest in small and medium cities, fol-
lowed by rural areas and large cities. While the high level of
heterogeneity in small and medium cities makes it difficult to
draw a collective conclusion, these results suggest the exis-
tence of a set of characteristics that makes these areas more
than simply a mid-level group that shares the traits of both
large cities and rural areas. When comparing large cities to ru-
ral areas, the protective effect of meeting close neighbors on
depressive symptoms was found to be greater in rural areas.
Also, the moderating effect of living alone on the effect of MN
was significant only in rural areas. Such outcomes may indi-
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cate that social relations had a more dynamic effect on de-
pression in the context of bonding social capital, in which
strong ties among members are prominent [3]. Though living
alone showed negative moderating effects in this study, the
effect of social integration (volunteer work, use of senior cen-
ters, participation in social groups, participation in community
classes) on depression was greater among the elderly who
lived alone in a previous study [10]. These conflicting results of
the moderating effect may imply that the socio-cultural con-
text of living alone worked in a different way between public
social integration and private social relations. Therefore, inter-
actions between various socio-cultural factors must be taken
into consideration when addressing the mental health of the
elderly in different settings [18].

The limitations of this study are as follows. First, the possibil-
ity of reverse causality was not completely excluded. An intui-
tive method of identifying causality is by reflecting the chron-
ological sequence in the model; however, the survey interval
was considered too long to hypothesize that previous social
relations would determine depression at a later time. Second,
the area of residence was not categorized in full detail. There-
fore, the causes of the differences according to the area of resi-
dence could not be sufficiently verified. Future studies with a
more detailed hypothesis should be conducted that procure
further segmented regional data and data on regional com-
munity resources.

This study identified the following results. First, meetings
with close neighbors were found to be associated with a re-
duced risk of depressive symptoms. Second, meetings with
close neighbors showed smaller effects among the elderly
who lived alone than among the elderly who lived with oth-
ers. Third, the moderating effect of living arrangements was
only significant for the elderly who lived in rural areas. In addi-
tion, the effect of social relations was greater among the el-
derly who lived in rural areas than it was among the elderly
who lived in large cities. Therefore, a detailed approach is
needed to be taken when designing and implementing inter-
ventions that incorporate social relations in which the socio-
cultural environment and conditions are fully considered. For
example, while the elderly who live alone may be more vul-
nerable to depression than the elderly who live with others,
the preventive effect of social relations on depression among
the elderly who live alone may be more limited than it is among
the elderly who live with others in rural areas. Thus, a simple
and unified approach may not be effective at resolving health
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problems among the elderly and could even further aggravate
existing health inequality.
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