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Abstract
Background: This study aimed to examine the association between size and intimacy of social networks and substantial
depressive symptoms, and further, to assess the moderating roles of age diversity and age difference in these linkages, in the
community-dwelling adult population in South Korea.

Methods: A South Korean population of 2,363 in the Cardiovascular and Metabolic Disease Etiology Research Center cohort
was utilized. Each participant’s social network characteristics were measured using the egocentric social network analysis
tool. Substantial depressive symptoms were assessed using the Beck Depression Inventory-II (BDI-II). Multivariable logistic
regression was used to compute odds ratios (ORs) for substantial depressive symptoms by different social network
characteristics.

Results: Mean perceived intimacy of social networks had an inverse association with substantial depressive symptoms;
Overall, the size of social networks had a negative association with depressive symptoms. In women, age diversity and age
difference had moderation effects on the association of network size and intimacy with substantial depressive symptoms.
The association of network size and intimacy with substantial depressive symptoms was stronger than women’s average
(OR=3.23; 95% CI=1.91-5.47) when social networks had a higher age diversity (OR=4.95; 2.32-10.51) and higher age
differences (OR=5.38; 2.22-13.05).

Limitations: Substantial Depressive symptoms were measured according to self-assessed levels of depressive symptoms
during the previous two weeks, which do not necessarily indicate depressive disorder. Categorization of certain variables was
made considering the distribution, but not with the actual critical known cut-off.

Conclusions: We found that low social network size and intimacy were linearly associated with substantial depressive
symptoms in women. Women whose networks are small-sized, less intimate, and with high age diversity and age difference,
especially with older persons are more likely to have depressive symptoms in South Korean settings.

Trial registration: KCT0001038, Clinical Research Information Service (CRIS) 

1. Background
Depression is the most prevalent mental illness, with more than 300 million people of all ages affected worldwide [1, 2].
Depression is a serious health condition that can cause impairments in daily functioning and signi�cantly lower the quality
of life. Depression can also increase the risk of physical illnesses, including cardiovascular diseases, and suicide at its worst
[3, 4]. While the global burden of depression is substantial, its pathogenesis remains not fully understood, although research
has found a number of determinants including biological, psychological, and social factors that act independently or
interdependently to contribute to depression [1-3].

With regard to the social determinants of depression, extensive literature has explored the relationships between social
networks and mental wellbeing. Social networks refer to the systems of social relationships in which individuals are
connected to one another through different sets of interactions [4-6]. Abundant research has reported a link between social
networks and mental health outcomes in both positive and negative ways [7, 8], in middle-aged [9] or elderly people [10], in
Western [11-13] or non-Western background [6, 14, 15], or patients with mental illnesses such as depression [3, 16-18],
anxiety [19], psychosis [20], post-traumatic stress disorder [8, 21, 22], or dementia [14]. Some researchers have proposed that
an inadequacy of social network quality or quantity may lead to loneliness, which is related to an elevated risk of depression
or psychiatric symptoms [16, 23, 24].

According to Santini et al., earlier prospective studies have supported a causal direction from perceived social support to
favorable depression outcomes and the protective roles of the large size and diverse types of social networks against
depression [4]. Despite the wealth of literature on the relationships between social network characteristics and depression,
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however, few have compared the magnitude of their associations with depression or examined the interdependence among
the network characteristics [4, 8, 23]. Previous studies have mostly focused on speci�c social network properties as
independent factors or in a speci�c age or patient group [4]. A cross-sectional study that compared a broad range of social
relationship variables revealed a strong correlation of the perceived quality of social networks and frequency of contacts
with depression [23]. However, the aforementioned study, which used European cohort, did not address some key social
network properties, including network size. Moreover, contrary to much other research, some studies reported that the
quantitative aspects of social networks were not related to depression, and which factors contribute to such inconsistency
remains poorly understood [2, 25].

Such notable gaps exist, as social network characteristics in practice do not act separately but work interdependently to exert
mental health outcomes [26]. In this regard, this study aimed to examine the relative magnitude of the association of social
network size (as a quantitative factor) and intimacy (as a qualitative factor) with substantial depressive symptoms using a
Korean community-dwelling adult population. We hypothesized that intimacy is more related to substantial depressive
symptoms than network size, and that a large-sized but low intimacy network group may show a higher prevalence of
substantial depressive symptoms compared to a small-sized but high intimacy network group. Therefore, we conducted a
con�rmatory analysis to examine the association between size and intimacy of social network and substantial depressive
symptoms as our primary objective.

In addition, one of the most in�uential factors in social relationships speci�c to Koreans is age. Korean culture has a strong
concept of seniority based on the Confucian tradition and a unique calendar-year-based age system that contribute to a
hierarchical order in human relationships [27]. In Korean settings, even one year of age difference matters as it determines
ranks as well as the conjugation and appellation to use appropriately, which leads to a strong bond among persons of the
same age or peers [27]. In this regard, age diversity and age difference may have implications on the relationship between
social networks and depressive symptoms in people with Korean cultural backgrounds.

Although previous research supported positive effects of social network diversity on psychiatric outcomes [4, 6, 28], not
many studies have addressed diversity in terms of age, especially in the Korean cultural background. A previous study
reported a negative correlation between age heterogeneity in social networks and depressive symptoms in elderly Caucasian
women [29]. This �nding, however, may not be directly replicable to other populations, due to the narrow spectrum of the
cohort used. Considering the culture-dependent nature of the link between social network properties and depression [13] as
well as the signi�cance of age in Korean culture, examining the potential moderating roles of age diversity and age
difference in a Korean cohort may contribute to deepening our understanding of the social determinants of depression in
non-Western regions. Therefore, we conducted further analyses to assess the moderating roles of age diversity and age
differences between social networks and depressive symptoms.

In summary, this study aimed to assess the association between the qualitative and quantitative aspects of social networks
and substantial depressive symptoms, and further examine the potential moderation of age diversity and age difference
within social networks using a general adult population cohort of South Korea. Social network size (number of social
network members), and mean perceived intimacy (self-rated intimacy with each network member) were investigated as
variables pertaining to the quantitative and qualitative aspects of social network respectively. Overall, the objective of this
study was to contribute to expanding the knowledge of associations of substantial depressive symptoms focusing on social
network size, intimacy, age diversity, and disparity. We expect the �ndings of this study may provide a theoretical foundation
for clinical interventions targeting patients from non-Western cultural background.

2. Methods
2.1. Study population
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The present study used data from the Cardiovascular and Metabolic Disease Etiology Research Center (CMERC) cohort
study, which was designed to recruit members of the general population residing in four South Korean districts (Seoul,
Goyang, Gimpo, and Incheon). An initial total of 3,332 participants aged 30-64 years were enrolled between 2013 and 2016.
All participants completed health questionnaires and examinations according to a prede�ned protocol [30]. Of these, 969
participants were excluded owing to missing key variables, such as social network variables (n = 968) and Beck Depression
Inventory-II (BDI, Korean version) scores (n = 1). A cross-sectional analysis of the remaining 870 men and 1,493 women was
conducted. All participants provided written informed consent, and the study protocol was approved by the Institutional
Review Board of Severance Hospital at Yonsei University College of Medicine (4-2013-0661).

2.2. Measurements

Standardized questionnaires were used to gather information about the study participants’ demographics, medical history,
and health behaviors. Sociodemographic variables included age, education (< 12 or ≥ 12 years), marital status, and
household income. Participants were classi�ed into two groups according to marital status: married, unmarried (never
married, divorced, separated, widowed, or unknown). The study population was also classi�ed into three groups according to
household income level: lower, middle, or upper (< 30, 30-50, or ≥ 50 million Korean won/year, respectively). Number of
comorbidities was calculated as the total number of the following physician-diagnosed diseases, according to a self-report:
stroke, transient ischemic attacks, myocardial infarction, angina pectoris, heart failure, chronic kidney disease, hypertension,
dyslipidemia, diabetes, thyroid disease, fatty liver disease, chronic hepatitis, liver cirrhosis, asthma or chronic obstructive
pulmonary disease, osteoporosis, arthritis, autoimmune disease, or malignant tumor. Health behaviors included smoking
status (current smoker, former smoker, or non-smoker), alcohol intake (current drinker, former drinker, or non-drinker), and
physical activity. Physical activity was assessed using the International Physical Activity Questionnaire-Short Form. Regular
exercise was de�ned as moderate- to high-intensity physical activity performed at least three times per week. Standing
height was measured to the nearest 0.1 cm using a stadiometers (DS-102, JENIX, Seoul, South Korea), and body weight was
measured to the nearest 0.1 kg on a digital scale (DB-150, CAS, Seongnam, South Korea) according to a predetermined
protocol. Body mass index (BMI, kg/m2) was calculated as body weight divided by standing height squared.

For social network characteristics, participants’ egocentric social network properties were measured using the questionnaires
developed for the Korean Social Life, Health and Aging Project, which adopted the earlier egocentric social network data
collection methodology of the National Social Life, Health, and Aging Project (NSHAP) of the United States [31]. Through
face-to-face interviews by trained interviewers, each participant was asked to provide the names or nicknames of up to seven
close individuals, including their spouse and up to �ve others to whom they talked most frequently, and one more person
considered to be their closest and most important relationship. Respondents were also asked to provide information on the
emotional closeness to network members by scoring intimacy (“How close do you think you are to him?”) on a 4-point Likert
scale from 1 (not intimate, “not so close”) to 4 (most intimate, “very close to”). The scores from all network members were
averaged to obtain each individual’s mean perceived intimacy to the network members. The ages of social network members
were used to analyze the age diversity and age difference. Age diversity was represented by the standard deviation of the
ages of members of the social network, whereas age difference referred to the disparity between the age of the participant
and the mean age of network members.

Depressive symptoms were assessed using the BDI-II. The BDI-II includes 21 questions evaluating emotional, cognitive,
motivational, physiological, and other symptoms [32]. Each item contains four statements describing the intensity of the
symptoms; each item is rated on a scale from 0 to 3, re�ecting how participants have felt over the past two weeks. Thus,
total BDI-II scores range from 0 to 63, with higher scores representing greater depression. This instrument has demonstrated
acceptable sensitivity and speci�city in distinguishing between participants with and without substantial depressive
symptoms, and is considered a valid and reliable measure of depressive symptoms [33-35]. Beck et al. suggested 13 as the
cut-off score to indicate depression, and interpreted scores ranging from 14 to 19 as ‘mild depression’, 20 to 28 as ‘moderate
depression’, and 29 to 63 as ‘severe depression’ [32, 36]. On the other hand, previous validation research on the Korean
version of BDI-II indicated that Koreans tend to show higher BDI-II scores compared to Western subjects, suggesting 21 as a
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tentative cut-off score opposite to Korean settings [37]. A systematic review of BDI-II cutoff scores in medical patients
suggested that the threshold ranged from 7 to 22, and raising the BDI-II cut-off score to 22 could reduce false-positives,
thereby concluding that the cut-off scores can be adapted with �exibility by comparing different thresholds for a population
sample or study purpose [38]. After taking all of these into consideration, for the purpose of this study, substantial depressive
symptoms were considered to be present for individuals who scored ≥ 20 on the BDI-II, which correspond to ‘moderate
depression’ and ‘severe depression’ in the Beck’s guidelines.

2.3. Statistical analysis

Descriptive analysis was conducted using t-tests for normally distributed continuous variables and chi-square for categorical
variables. Multivariable logistic regression analyses were used to assess the association of social network size and intimacy
with depressive symptoms in four adjusted models. Both social network size and intimacy were classi�ed into quartiles
based on a previous study [39]. Statistical modeling and adjusted variables were selected based on prior work, which related
to social network status or depression: Statistical modeling and adjusted variables were selected based on prior work, which
related to social network status or depression: (1) adjusted for age, gender, and menopause status [40]; (2) additionally
adjusted for marital status, education, and income status [41]; (3) additionally adjusted for number of comorbidities,
smoking, alcohol intake, and physical activity [42]; and (4) adjusted for social network size or intimacy [4]. We reported
results as odds ratios (ORs) and 95% con�dence intervals (CIs), and indicate a p-for trend to con�rm dose-response. In
addition, 2-way interactions between size and intimacy (Table 1-2, Supplementary Table 1) and the correlations between
each social network index were also examined (Supplementary Table 2).

Strati�ed analyses were conducted accordingly: We divided into four groups based on social network size and intimacy
(large & high, large & low, small & high, small & low). Both age diversity and age differences were strati�ed into quartiles. The
interaction term between social network size and intimacy was tested in terms of age diversity and age differences,
respectively.

All statistical tests were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). Statistical signi�cance was de�ned
as a two-sided P value <0.05.

3. Results
Table 1 presents the aspects of substantial depressive symptoms of the study sample according to sociodemographic,
lifestyle, and health-related variables. The total sample included 2,363 participants aged from 30 to 64 years. The sample
was slightly female-dominant (63.2% women), and 42.2% of participants were aged 50-59. The age distribution between
non-depressed group versus depressed group was not signi�cantly different (p-value=0.882).   The prevalence of depressive
symptoms was 10.6% in the overall sample. Most participants were married (86.4%) and had graduated from high school or
higher (85.1%). Slightly less than half (46.6%) had a yearly family income of 50 million won or higher.

Table 1 Characteristics of study participants
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Variables Total    
(n=2,363)

BDI-II <20 
(n=2,112)

BDI-II ≥20
(with substantial depressive

symptoms,
n=251) 

p Value

Age, years                    
    30-39 532  ( 22.5) 479  ( 90.0) 53  ( 10.0) 0.882
    40-49 417  ( 17.7) 374  ( 89.7) 43  ( 10.3)
    50-59 998  ( 42.2) 891  ( 89.3) 107  ( 10.7)
    60-64 416  ( 17.6) 368  ( 88.5) 48  ( 11.5)
Sex                    
    Men 870  ( 36.8) 810  ( 93.1) 60  ( 6.9) <0.001
    Women 1,493  ( 63.2) 1,302  ( 87.2) 191  ( 12.8)  
Marital status                    
    Married 2,041  ( 86.4) 1,843  ( 90.3) 198  ( 9.7) <0.001
    Unmarried (divorced/
widowed)

322  ( 13.6) 269  ( 83.5) 53  ( 16.5)  

Education                     
    High school or higher 2,010  ( 85.1) 1,823  ( 90.7) 187  ( 9.3) <0.001
    Under-high school 353  ( 14.9) 289  ( 81.9) 64  ( 18.1)  
Familial yearly income (million Korean Won)        
    <30 396  ( 16.8) 383  ( 96.7) 13  ( 3.3) <0.001
    30 - 50  866  ( 36.7) 772  ( 89.2) 94  ( 10.8)  
    ≥50 1,101  ( 46.6) 957  ( 86.9) 144  ( 13.1)  
Body mass index, kg/m2 23.8 ± 3.1 23.8 ± 3.0 23.9 ± 3.4 0.797
Smoking status                    
    Non-smokers 1,594  ( 67.5) 1,429  ( 89.7) 165  ( 10.3) 0.013
    Former smokers 405  ( 17.1) 372  ( 91.9) 33  ( 8.1)  
    Current smokers 364  ( 15.4) 311  ( 85.4) 53  ( 14.6)  
Alcohol intake                    
    Never drinkers 628  ( 26.6) 562  ( 89.5) 66  ( 10.5) 0.404
    Former drinkers 104  ( 4.4) 97  ( 93.3) 7  ( 6.7)  
    Current drinkers 1,631  ( 69.0) 1,453  ( 89.2) 178  ( 10.9)  
Regular exercise                    
    Yes 1,458  ( 61.7) 1,313  ( 90.1) 145  ( 9.9) 0.175
    No 905  ( 38.3) 799  ( 88.3) 106  ( 11.7)  
Number of comorbidity 0.6 ± 0.9 0.6 ± 0.9 0.8 ± 1.0 0.007
Social network                    

Sizea (continuous) 4.8 ± 1.7 4.9 ± 1.7 4.5 ± 1.6 <0.001

Intimacyb (continuous) 3.2 ± 0.6 3.2 ± 0.6 3.0 ± 0.6 <0.001

    Sizea & intimacyb                    
       Small & low 730  ( 30.9) 614  ( 84.1) 116  ( 15.9) <0.001
       Small & high 645  ( 27.3) 585  ( 90.7) 60  ( 9.3)  
       Large & low 506  ( 21.4) 464  ( 91.7) 42  ( 8.3)  
       Large & high 482  ( 20.4) 449  ( 93.2) 33  ( 6.8)  

Age diversityc (continuous) 8.2 ± 6.0 8.2 ± 6.1 7.6 ± 5.5 0.151

    Age diversityc                    
       Q1 573  ( 25.0) 498  ( 24.3) 75  ( 31.0) 0.103
       Q2 574  ( 25.0) 517  ( 25.2) 57  ( 23.6)  
          Q3 574  ( 25.0) 514  ( 25.1) 60  ( 24.8)  
          Q4 573  ( 25.0) 523  ( 25.5) 50  ( 20.7)  

Age differenced (continuous) -0.01 ± 6.2 -0.03 ± 6.2 0.1 ± 6.3 0.798

    Age differenced                    
       Q1 590  ( 25.0) 533  ( 25.2) 57  ( 22.7) 0.119
       Q2 573  ( 24.3) 497  ( 23.5) 76  ( 30.3)  
          Q3 608  ( 25.7) 551  ( 26.1) 57  ( 22.7)  
          Q4 592  ( 25.1) 531  ( 25.1) 61  ( 24.3)  

Note. Data are expressed as means ± standard deviation or numbers (percentages). Differences between ‘BDI-II
scores≥20’ group and ‘BDI-II scores<20’ group were compared using independent t-test or chi-square test (p-
value<0.05 was considered statistically significant.
a Social network size: small (< median) and large (≥ median).
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b Social network intimacy: low (mean perceived intimacy < median) and high (≥ median).
c Age diversity: standard deviation of network members’ ages.
d Age difference: difference between age of the participant and the average age of social network members.

Compared to non-depressed group, depressed group showed differences in gender (p-value <0.001), marital status (p-value
<0.001), level of education (p-value <0.001), family income (p-value <0.001), smoking status (p-value=0.013), and number of
comorbidities (p-value=0.007). The sociodemographic groups with higher prevalence of substantial depressive symptoms
were women, singles, ones with relatively low education, and ones with relatively high income, as shown in Table 1. Among
lifestyle factors, smoking status differs with depressive symptoms. Current smokers had a higher proportion of depressive
symptoms compared to nonsmokers and former smokers. Number of comorbidities also showed a different distribution with
substantial depressive symptoms; depressive groups tended to have higher numbers of comorbidities. Age, BMI, regular
exercise, and drinking status did not show a clear difference with substantial depressive symptoms.

3.1. Social network size, intimacy and depressive symptoms

In terms of social networks, the small sized and low intimacy group had the highest odds for substantial depressive
symptoms, and the large sized and high intimacy group had the lowest odds. Age diversity and age difference were not
differed by the prevalence of substantial depressive symptoms (Table 1).

To assess the association of network size and intimacy with substantial depressive symptoms, participants were classi�ed
into four quantiles based on the social network variables (Table 2). Overall, social network size showed a negative linear
association with substantial depressive symptoms (p-for trend=0.010). Among the four network size quantiles, the 2nd
quartile group showed the highest prevalence (OR=2.52; 95% CI 1.57–4.05) compared to the reference group. In addition,
social network intimacy showed a negative linear association with substantial depressive symptoms in total (Table 3, p-for
trend <.001). Among the four social network intimacy quantiles, the 1st quartile group showed the highest odds (OR=2.24;
1.51–3.32). However, only women showed a statistically signi�cant linear trend in both social network size and intimacy
(social network size, p-for trend=0.012; intimacy, p-for trend <.001).

Table 2 Association between social network size and substantial depressive symptoms (BDI-II ≥20)
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Network size No. of
participants

No
(%). of
cases

Crude
model

  Model 1  Model 2  Model 3  Model 4

OR [95%
CI]

  OR [95%
CI]

 OR [95%
CI]

 OR [95%
CI]

 OR [95%
CI]

p for
interaction

(size ×
intimacy)

Total  Q4 495 28
(5.7)

1.00     1.00   1.00   1.00   1.00  0.900

(n=2,363) Q3 847 90
(10.6)

1.98 [1.28-
3.08]

2.06 [1.33-
3.20]

1.81 [1.16-
2.85]

1.77 [1.12-
2.79]

1.76 [1.12-
2.78]

 

 Q2 469 66
(14.1)

2.73 [1.72-
4.33]

2.77 [1.75-
4.41]

2.56 [1.60-
4.09]

2.51 [1.57-
4.03]

2.52 [1.57-
4.05]

 

 Q1 552 67
(12.1)

2.30 [1.46-
3.65]

2.40 [1.51-
3.80]

2.00 [1.24-
3.21]

1.89 [1.17-
3.05]

1.88 [1.16-
3.05]

 

                      p for
trend

0.010  

Men Q4 166 8 (4.8) 1.00     1.00   1.00   1.00   1.00  0.708
(n=870) Q3 326 24

(7.4)
1.57 [0.69-

3.57]
1.46 [0.60-

3.53]
1.27 [0.52-

3.11]
1.31 [0.53-

3.25]
1.36 [0.54-

3.41]
 

 Q2 163 13
(8.0)

1.71 [0.69-
4.25]

1.70 [0.69-
4.22]

1.54 [0.62-
3.86]

1.47 [0.58-
3.74]

1.47 [0.58-
3.75]

 

 Q1 215 15
(7.0)

1.48 [0.61-
3.58]

1.60 [0.70-
3.65]

1.44 [0.62-
3.35]

1.44 [0.61-
3.39]

1.42 [0.60-
3.35]

 

                      p for
trend

0.617  

Women Q4 329 20
(6.1)

1.00     1.00   1.00   1.00   1.00  0.546

(n=1,493) Q3 521 66
(12.7)

2.24 [1.33-
3.77]

2.24 [1.33-
3.78]

1.93 [1.13-
3.28]

1.84 [1.07-
3.15]

1.84 [1.07-
3.16]

 

 Q2 306 53
(17.3)

3.24 [1.89-
5.56]

3.23 [1.88-
5.55]

2.95 [1.70-
5.11]

2.90 [1.67-
5.06]

2.89 [1.65-
5.06]

 

 Q1 337 52
(15.4)

2.82 [1.64-
4.84]

2.85 [1.66-
4.89]

2.32 [1.33-
4.06]

2.11 [1.20-
3.72]

2.03 [1.14-
3.60]

 

                      p for
trend

0.012  

Note. Model 1: Adjustment for age, gender, and menopause status (women). Model 2: Model 1+ adjustment for

marital status, education, and income status. Model 3: Model 2+ adjustment for number of comorbidities,

smoking, alcohol intake, and physical activity. Model 4: Model 3+ adjustment for social network intimacy and

multiple term of social network size and mean intimacy.

Table 3 Association between mean perceived intimacy of social networks and substantial depressive symptoms

(BDI-II ≥20)
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Mean
intimacy

No. of
participants

No
(%).
of

cases

Crude
model

  Model 1  Model 2  Model 3  Model 4

OR [95%
CI]

  OR [95%
CI]

 OR [95%
CI]

 OR [95%
CI]

 OR [95%
CI]

p for
interaction

(size ×
intimacy)

Total  Q4 645 46
(7.1)

1.00     1.00   1.00   1.00   1.00  0.900

(n=2,363) Q3 537 51
(9.5)

1.37 [0.90-
2.07]

1.43  [0.94-
2.18]

1.45  [0.95-
2.23]

1.45  [0.95-
2.23]

1.50  [0.97-
2.31]

 

 Q2 611 65
(10.6)

1.55 [1.04-
2.30]

1.57  [1.05-
2.36]

1.52  [1.01-
2.28]

1.52  [1.01-
2.28]

1.60  [1.06-
2.41]

 

 Q1 570 89
(15.6)

2.41 [1.66-
3.51]

2.31  [1.57-
3.41]

2.24  [1.51-
3.31]

2.24  [1.51-
3.31]

2.24  [1.51-
3.32]

 

                      p for
trend

<.001  

Men Q4 203 12
(5.9)

1.00     1.00   1.00   1.00   1.00  0.708

(n=870) Q3 236 15
(6.4)

1.08 [0.49-
2.37]

1.54  [0.73-
3.25]

1.47  [0.69-
3.11]

1.44  [0.67-
3.08]

1.43  [0.66-
3.11]

 

 Q2 211 13
(6.2)

1.05 [0.47-
2.35]

1.03  [0.46-
2.31]

1.09  [0.48-
2.46]

1.00  [0.44-
2.29]

1.00  [0.43-
2.30]

 

 Q1 220 20
(9.1)

1.59 [0.76-
3.35]

1.09  [0.50-
2.38]

1.10  [0.50-
2.42]

1.11  [0.50-
2.48]

1.11  [0.49-
2.52]

 

                      p for
trend

0.396  

Women Q4 396 33
(8.3)

1.00     1.00   1.00   1.00   1.00  0.546

(n=1,493) Q3 362 36
(9.9)

1.22 [0.74-
1.99]

1.22  [0.74-
2.00]

1.29  [0.78-
2.13]

1.34  [0.80-
2.23]

1.47  [0.88-
2.48]

 

 Q2 348 51
(14.7)

1.89 [1.19-
3.00]

1.93  [1.21-
3.08]

1.96  [1.22-
3.14]

1.93  [1.19-
3.13]

1.98  [1.21-
3.21]

 

 Q1 387 71
(18.4)

2.47 [1.59-
3.84]

2.55  [1.64-
3.97]

2.61  [1.66-
4.12]

2.56  [1.61-
4.06]

2.59  [1.62-
4.14]

 

                      p for
trend

<.001  

Note. Model 1: Adjustment for age, gender, and menopause status (women). Model 2: Model 1+ adjustment for

marital status, education, and income status. Model 3: Model 2+ adjustment for number of comorbidities,

smoking, alcohol intake, and physical activity. Model 4: Model 3+ adjustment for social network size and

multiple term of social network size and mean intimacy.

In women (Fig. 1), compared to the reference group with large sized and high intimacy networks, the small sized but high
intimacy group (OR=1.84; 1.05-3.23) or the large size but low intimacy group (OR=1.86; 1.03-3.37) had slightly higher odds
for substantial depressive symptoms. The small size and low intimacy group had the highest odds for substantial
depressive symptoms (OR=3.23; 1.91-5.47).

In men, no signi�cant association was observed between these variables and substantial depressive symptoms (Fig. 2).
However, when converted into continuous variables, both network size (β (SE), -1.52 (0.64); p-value=0.018) and intimacy (β
(SE), -2.64 (0.91); p-value=0.004) had a negative association with depressive symptoms in men. 2-way interactions between
size and intimacy were not statistically signi�cant in both men (p for interaction=0.065) and women (p for
interaction=0.226) and in total (p for interaction=0.924).

3.2. The moderating roles of age diversity and age difference

The effects of age diversity and age difference on the association between the network size and intimacy and substantial
depressive symptoms were analyzed.
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In women (Fig. 1), in the small sized and low intimacy group, those with high age diversity in their social network showed
signi�cantly higher odds for substantial depressive symptoms (OR=7.64; 2.07-28.13) compared to the average (OR=3.23;
1.91-5.47). In contrast, those with low age diversity showed lower odds for substantial depressive symptoms (OR=0.94; 0.37-
2.41) than the average, although this result was not statistically signi�cant. These results may imply that the association
between social network size and intimacy with substantial depressive symptoms is stronger when the age diversity in social
networks is higher in women, but the interaction term between social network characteristics and age diversity was not
signi�cant (p=0.428).

A similar tendency was found with respect to age difference. In women (Fig. 1), a positive association was found between
age difference and substantial depressive symptoms as either the size or the intimacy of the social network decreased. In
the small sized and low intimacy group, those with high age differences (4th quartile; social networks primarily with older
persons) in their social network showed higher odds for depressive symptoms (OR=13.27; 3.61-48.83) compared to the
average (OR=3.23; 1.91-5.47), but the interaction term between social network characteristics and age differences was not
signi�cant (p=0.401).

These results may imply that the association between the size and intimacy of social networks and substantial depressive
symptoms is much stronger when women socialize with people older than themselves.

As shown in Fig. 2, in the case of men, no speci�c association according to high age diversity or age differences was found,
or was statistically signi�cant. In addition, the interaction term with social network characteristics was not statistically
signi�cant for both age diversity (p=0.332) and age differences (p=0.277).

4. Discussion
4.1. Associations of social network size and intimacy with depressive symptoms

The results partially supported the hypothesis of this study on the association between social network characteristics and
depressive symptoms. Mean perceived intimacy of social networks had a strong inverse association with depressive
symptoms, which is a con�rmation of the �ndings from previous research [19, 43]. On the other hand, we found that social
network size had a linear association with substantial depressive symptoms, especially in women, but not in men. Overall,
our study found a signi�cant linear trend for social network size, but the OR for the substantial depressive symptoms in the
2nd quartile was the highest. Although this study is not informative on the mechanism under this linear association between
network size and depressive symptoms, previous �ndings might help �nd a clue to understand this phenomenon. Santini et
al. suggested that negative human interactions may be a signi�cant risk factor for depression [4]. Social networks, as a
“double-edged sword,” can play both a protective and a destructive role in mental health [43, 44]. Hence, social networks that
act as a source of stress or negative emotions may contribute to increased depression [43]. If a person’s network is small,
this might be related to low probability of having such problematic relationships, and consequently, related to the reduced
prevalence of depressive symptoms. Overall, �ndings from this study con�rm the previous research that showed what
matters more fundamentally is the qualitative aspect of social networks [3, 45].

4.2. The moderating roles of age diversity and age difference

Previous studies have reported that social network diversity may play a protective role against psychiatric conditions and
lead to physical and mental health bene�ts [8, 28, 46]. This tendency, however, did not apply to age diversity in South Korean
population. There was no signi�cant association between age diversity or age difference and depressive symptoms. Rather,
the age diversity and age difference played moderating roles in the associations of size and intimacy of social networks with
depressive symptoms. In women, the associations were stronger when the age deviations among network members or the
age disparities between the participant and network members were bigger. The associations were especially strong when the
social networks were primarily with older persons, as shown in Figure 1. This effect was not prominent when the social
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networks were primarily with younger persons. In women with peer-dominant networks, and in women with age-homogenous
networks, de�cits in social network size or intimacy were not associated with depressive symptoms.

To synthesize, the association between social network characteristics (size and intimacy) and depressive symptoms was
speci�c to age diversity and age difference status in Korean women. In women whose network size and intimacy were both
low, the prevalence of depressive symptoms were 3.23 times higher compared to when both variables were high. When a
woman socialized primarily with people of more diverse age groups (4th quartiles) than average, this prevalence increased
7.64 times; and when a woman socialized primarily with older people (4th quartiles), this prevalence increased 13.27 times;
but the interaction terms with social network characteristics were not statistically signi�cant for both age diversity and age
difference. Overall, women who are less intimate, with small-sized networks, and with high age diversity or primarily with
older people appear to be at high risk of substantial depressive symptoms. A possible underlying mechanism on this is that
higher age diversity may mean that social networks primarily consist of kinship (mainly family) than friends in most cases.
As Supplementary Table 2 shows, there is a strong correlation between the age diversity and proportion of kinship (number
of kin / network size) in both men (r = 0.445; p-value <0.001) and women (r = 0.475; p-value <0.001). In other words, higher
age diversity may mean the social network primarily consist of family than friends. Empirical evidence suggests that friends
are a key correlate with mental health at all stages of life [11, 47, 48]. Although not having any family members to provide
support is also a risk factor for depression, the absence of friends was found to be more detrimental to mental wellbeing [11,
47, 49, 50]. This importance is based on the voluntary and optional properties of friend networks in contrast to family
networks, which are obligatory and thus may involve more emotional ambivalence or problematic interactions [47, 50].
Friends, because they are selected by mutual a�nity, not only provide companionship and social integration but also boost
morale and help re-a�rm one’s sense of identity, competence, and self-worth through a form of reciprocity [20, 49, 50]. The
importance of a sense of competence and self-worth to mental wellbeing may provide a clue to why women with high age
diversity networks are more likely to have depressive symptoms when network size is small or intimacy is low.

These theoretical explanations may also provide insight into why these tendencies were prominent only in women. It is
widely accepted that women have a higher prevalence of depression than men [35, 51]. One reason may be that women tend
to be more affected by social networks than men in terms of mental wellbeing. Previous studies suggest that compared to
men, women are more vulnerable to feelings of loneliness or distress from lack of social involvement, and more likely to
suffer from other people’s problems, all of which can lead to depression [10, 52, 53]. However, women also tend to bene�t
more from emotionally supportive social networks and their protective roles against depression compared to men [54, 55].
Hence, women with high age diversity networks, which is related to higher proportion of family or kinship in the networks,
might bene�t less from the aforementioned supportive properties of friend networks. This may lead to experiencing low
social integration, morale, and self-worth, which can result in substantial depressive symptoms.

With regard to age differences, one of the possible mechanisms might be on the unique cultural background of South Korea.
Koreans, strongly in�uenced by Confucian values that emphasize the mutual obligations between seniors (responsibility for
juniors) and juniors (veneration for seniors) [56], tend to identify the social rank for each member of the group to determine
the appropriate languages and manners for interactions, and the main criterion for identifying the social ranks is age [27, 57].
Deviated behaviors from social norms or failure to meet expected roles, especially of a person in a subordinate position, may
act as the source of interpersonal stress [56]. Consequently, it is possible that age difference function as a barrier between
younger and older persons in Koreans. Hahn et al. suggested that Koreans, unlike Americans, showed a remarkable disparity
between different age groups in terms of psychological needs in emotional wellbeing [27]. Korean older adults put the
highest importance on self-actualization and popularity-in�uence, whereas Korean young adults on autonomy [27].
Considering all these points, we can infer that persons socializing with peers may be relatively free from such age barriers.
On the other hand, persons socializing primarily with older persons may be more exposed to interpersonal stress in social
interactions and their autonomy may be more limited, which might lead to a higher risk of substantial depressive symptoms.
In short, the hierarchical age culture of Korean society might be contributing to the higher association between the de�cits of
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social network properties and the prevalence of substantial depressive symptoms in women socializing primarily with older
people in South Korea.

4.3. Strengths and limitations of this study

The main strength of this study is the large-scale social network analysis of the general South Korean population cohort.
Because this study used a community-dwelling sample of adults from 30 to 64, the �ndings may be replicable to the general
population of South Korea. In addition, this study provides novel insight into the importance of cultural background in
examining social correlates of depression. Depression is considered as an emergent property of the culture-mind-brain
system [58]. Although researchers have recognized the importance of culture in depression, not many studies have speci�ed
in which ways culture matters [58]. This study provided an example in that aspect by focusing on age diversity and age
difference as cultural correlates of substantial depressive symptoms in one of the most age-conscious societies in the world.
Given that previous studies on social networks and depression were concentrated mainly in Western countries [59], this study
extends our understanding of social determinants of depressive symptoms in non-Western countries.

Some limitations need to be considered when interpreting the results. First, the clinical correlation between substantial
depressive symptoms and depression in this study is not ensured. Substantial depressive symptoms in this study were
measured by self-assessed levels of depressive symptoms during the previous two weeks, which do not necessarily indicate
depressive disorder. Second, there could be some measurement bias in social network survey data, especially for intimacy,
because the criteria for determining intimacy may vary from person to person. Further investigation is needed to verify the
validity of the social network questionnaire. Third, the cross-sectional nature of this study prevents inference of the direction
of the relationship between social network variables and substantial depressive symptoms. Moreover, we could not assess
the adverse social interaction and perceived subjective social support in�uence based on the results of the current study.
Finally, the �ndings on age diversity and age difference may not be replicable to non-Korean settings due to the uniqueness
of Korean culture with regard to age.
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Figure 1

Association between social network status and substantial depressive symptoms (BDI-II ≥20), and the moderation of age
diversity and differences in women (n = 1,493) 1) Social network size: large (≥ median, 5.00) and small (< median, 5.00). 2)
Social network intimacy: high (mean perceived intimacy with each network member ≥ median, 3.17) and low (< median,
3.17). 3) Age diversity (standard deviation of network members’ age): classi�ed into quartiles. 4) Age difference (difference
in age between participant and average age of network members): classi�ed into quartiles.
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Figure 2

Association between social network status and substantial depressive symptoms (BDI-II ≥20), and the moderation of age
diversity and differences in men (n = 870) 1) Social network size: large (≥ median, 5.00) and small (< median, 5.00). 2)
Social network intimacy: high (mean perceived intimacy with each network member ≥ median, 3.25) and low (< median,
3.25). 3) Age diversity (standard deviation of network members’ age): classi�ed into quartiles. 4) Age difference (difference
in age between participant and average age of network members): classi�ed into quartiles.
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