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ABSTRACT

Introduction Social isolation and loneliness are
positively associated with metabolic syndrome. However,
the mechanisms by which social isolation affects
metabolic syndrome are not well understood.

Research design and methods This study was designed
as a cross-sectional study of baseline results from the
Cardiovascular and Metabolic Diseases Etiology Research
Center (CMERC) Cohort. We included 10 103 participants
(8097 community-based low-risk participants, 2006
hospital-based high-risk participants) from the CMERC
Cohort. Participants aged 65 years or older were excluded.
Multiple imputation by chained equations was applied to
impute missing variables. The quantitative properties of
social networks were assessed by measuring the ‘size

of social networks’; qualitative properties were assessed

by measuring the ‘social network closeness’. Metabolic
syndrome was defined based on the National Cholesterol
Education Program Adult Treatment Panel Ill criteria.
Multivariate logistic regression analyses were conducted

to assess association between social network properties
and metabolic syndrome. The mediating effects of physical
inactiveness, alcohol consumption, cigarette smoking and
depressive symptoms were estimated. Age-specific effect
sizes were estimated for each subgroup.

Results A smaller social network was positively associated
with higher prevalences of metabolic syndrome in all
subgroups, except the high-risk male subgroup. There was
no clear association between social network closeness and
metabolic syndrome. In community-based participants,

an indirect effect through physical activity was detected

in both sexes; however, in hospital-based participants, no
indirect effects were detected. Cigarette smoking, alcohol
consumption and depression did not mediate the association.
Age-specific estimates showed that the indirect effect
through physical activity had a greater impact in older
participants.

Conclusions A smaller social network is positively associated
with metabolic syndrome. This trend could be partially
explained by physical inactivity, especially in older individuals.

Significance of this study

What is already known about this subject?

» Research has shown that social network properties
are associated with metabolic syndrome, which is a
major risk factor for cardiovascular diseases.

What are the new findings?

» We found that a small social network is positively
associated with metabolic syndrome in Koreans.

» The association between social networks and met-
abolic syndrome is partially mediated by decreased
physical activity, especially in older individuals.

How might these results change the focus of

research or clinical practice?

» Our study suggests that developing strategies to en-
courage physical activity in socially isolated individ-
uals could help prevent metabolic syndrome.

INTRODUCTION

Metabolic syndrome is a constellation of
conditions that occur together and increase
the risk of cardiovascular diseases, including
central obesity, low high-density lipopro-
tein (HDL), high triglyceride, hypertension
and hyperglycemia. Metabolic syndrome is
an important risk factor for cardiovascular
diseases, and its prevalence has markedly
increased worldwide over the past several
decades.'

A social network, the network of people
surrounding an individual, is known to impose
health effects on individuals.” Evidence from
the previous studies have indicated that
social networks are important determinants
of type 2 diabetes,’ obesity,”* hypertension® ®
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and ischemic heart diseases.”” Several models had been
proposed to explain the effects of social networks on
health: Berkman et al summarized previous studies
on the health effects of social networks and suggested
that social networks affect psychosocial mechanisms,
including social support, social engagement and access
to resources, and ultimately manifest as health effects on
the individual via health behavior pathways, psycholog-
ical pathways and physiological pathways.” Agreeing on
the model, Heaney and Israel simplified the hierarchy
of health determinants to describe the effects of social
networks on health through a social engagement pathway
as a hypothesized direct effect.”

Several studies have applied theories on the health
effects of social networks in an attempt to investigate indi-
rect pathways and to explain associations between social
networks and cardiovascular diseases.'’ '' Umberson
suggested that a lack of social support can decrease
adherence to health behaviors.'” A study on working-
class multiethnic adults showed that social influences can
affect health behaviors, including exercise and fruit and
vegetable consumption.'” Meanwhile, social support has
been found to affect self-esteem and a sense of control,14
and thus physical health.'” A study of 887 patients with
myocardial infarction reported that depressed patients
with larger social networks or who lived with others are
more likely to be protected from the negative effects
of depressive symptoms,'® indicating the importance of
psychological pathways on health.

There is, however, little empirical evidence on mech-
anisms by which social networks affect metabolic
syndrome. Results from the Copenhagen City Heart Study
Cohort showed that both the lack of a social network and
dissatisfaction with one’s network can increase the risk
of metabolic syndrome.'” ** Notwithstanding, attempts
to identify direct and indirect health effects of social
networks on metabolic syndrome have yet to be made. To
address this knowledge gap, we aimed to explore possible
mechanisms underlying the effect of social networks on
metabolism by identifying direct and indirect pathways
through which social network properties affect metabolic
syndrome.

METHODS

Study population

This study was designed as a cross-sectional study of
baseline results from The Cardiovascular and Metabolic
Diseases Etiology Research (CMERC) Cohort Study. The
CMERC Cohortis a multicenter, community-based cohort
designed to investigate the prevention and management
of cardiovascular disease in Korean adults.'” The study
population was recruited at three centers: a community-
based, low-risk population was recruited at Yonsei Univer-
sity College of Medicine and Ajou University College of
Medicine, and a hospital-based, high-risk population
was recruited at Severance Hospital. A total of 8697
community-based participants and 3267 hospital-based

participants were recruited. Data on sociodemographic
factors, medical history, social network properties and
health behaviors were obtained via face-to-face inter-
views with structured questionnaires. Health examina-
tions, including anthropometric measurement, resting
blood pressure measurement and biochemical analyses
of fasting blood samples and urine specimens, were
conducted."

Due to sexual heterogeneities in metabolism and social
networks, we stratified participants by gender. Female
sexual hormones are known to affect insulin sensitivity,
glucose homeostasis and adiposity,” resulting in lower
prevalence of metabolic syndrome in women before
menopause than their male counterparts. The protective
effect of estradiol grows weaker as women grow older,
and serum estrogen levels decrease after menopause,
resulting in a higher prevalence of metabolic syndrome
in older women than their male counterparts.”’ Mean-
while, several studies have described gender differences
in the health effects of social networks and have empha-
sized a need for genderspecific approaches in further
research.'®

The age range of the community-based participants
was 30-64 years, and the age range of the hospital-
based participants was 30-80 years. To avoid possible
confounding effects from age differences, 1861 partici-
pants aged 65 years and older were excluded from final
analyses. Also, since demographic and clinical differences
between the community-based group and hospital-based
group cannot be ignored and since those differences
could introduce heterogeneities in social networks and
their health effects, two subgroups were analyzed sepa-
rately in the final analyses.

Independent variable: social network properties
Trained interviewers conducted a systematic face-to-face
interview to assess the egocentric social network prop-
erties of participants. All social network properties were
based on the social network status of the year before base-
line evaluation. Measurement of social network proper-
ties were conducted in accordance with the methods
used in the National Social Life, Health, and Aging
Project (NSHAP).? We translated social network cards
from the NSHAP and adapted them to suit the CMERC
Cohort study (online supplementary material 1).
Among social network properties, we used ‘size of social
network’ as a representative variable for quantitative eval-
uation and ‘closeness of a social network’ for qualitative
evaluation. The size of a social network was defined as the
total number of network members, including a spouse
and up to five people with whom participants discussed
important matters. If there were more than five people
with whom participants discussed important matters, the
participants were asked to name five (online supplemen-
tary material 2). The total sizes of social networks ranged
from 1 to 6. Perceived closeness between participants
and each members of the social network were assessed
by asking the following question, with responses rated on
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a 4-point Likert scale: “How close are you to him/her?”
The mean value of perceived closeness between social
network members was defined as the closeness of the
social network."?

Outcome variable: metabolic syndrome

Metabolic syndrome was defined in accordance with
the National Cholesterol Education Program Adult
Treatment Panel-Ill criteria.** Metabolic syndrome was
defined as the presence of three or more of the following
components: central obesity, low HDL-cholesterol, high
serum triglyceride, high blood pressure and high fasting
glucose. Central obesity was defined as a waist circumfer-
ence of >90 cm for men and >80 cm for women.” Low
HDL was defined as <40 mg/dL for men and <50 mg/dL
for women. High triglyceride was defined as 2150 mg/
dL. High blood pressure was defined as a systolic blood
pressure =130 mm Hg or a diastolic blood pressure =85
mm Hg or the use of antihypertensive medications. High
fasting glucose was defined as 2100 mg/dL or the use
of antidiabetic medications/insulin treatment (online
supplementary material 3).

Waist circumference was measured at the middle point
between the lower border of the rib cage and iliac crest.
Blood samples were collected for lipid profile assess-
ments and fasting glucose measurement. All participants
fasted at least 8 hours before providing the blood and
urine samples. Bioassays were performed at a designated
research laboratory.

Before blood pressure measurement, participants were
asked whether they were on antihypertensive medica-
tions and if they took their antihypertensive medications
within 12 hours before measurement. Also, participants
were asked to bring their prescriptions from their doctors
and the actual medication they are taking, if possible. We
determined whether the participants were on antihyper-
tensive drugs based on prescriptions, actual medication
and responses from the participants.

Single arm blood pressure was measured on the right
arm. Measurements were conducted on the left arm only
if right arm measurements were impossible. Participants
rested for 5 min in a seated position before measurement,
and they were asked to remain still and relaxed during
measurement. A cuff tailored to mid-arm circumference
was used, and trained research personnel conducted blood
pressure measurements using an automated oscillometric
device (HEM-7080, Omron Health, Matsusaka, Japan).
Systolic and diastolic blood pressures were measured three
times at 2 min intervals on the right arm.

Potential mediators: physical activity, cigarette smoking,
alcohol consumption and depressive symptoms

The types, intensity and duration of physical activities
that the participants performed during the previous week
were obtained using the Korean version of The Interna-
tional Physical Activity Questionnaire Short Form.?® ¥
Physical activities were classified as ‘vigorous activities’,
‘moderate activities’ and ‘walking’. Before evaluation,

trained research personnel provided examples of each
physical activity category to participants (online supple-
mentary material 4). Vigorous activities were considered
equivalent to 8.0 metabolic equivalent tasks (METs),
moderate activities to 4.0 METs and walking to 3.3 METs.
Total MET-hours were calculated by adding the products
of METs and exercise hours for each physical activity
category.

Systematic interviews were conducted for gathering infor-
mation on cigarette smoking and alcohol consumption.
Current status, frequency and average amount of cigarette
smoking and alcohol consumption were assessed. Depres-
sive symptoms were measured using the Beck Depression
Inventory-II (BDI-II) scale, which has been validated for
the Korean population.”® The total score for 21 questions
in BDIHII was included in the final model.

Covariates

Mean monthly household income and education level
were selected as covariates for socioeconomic status.
Education level was defined as the last level of education
that the participants had graduated or dropped out from.
We reclassified education level into three subgroups:
primary or lower, secondary and tertiary or higher. We
adjusted comorbidities by including diseases included in
the Charlson Comorbidity Index in the final model.*’

Statistical analyses

There were 813 participants with incomplete data on social
network properties and 408 participants with missing lipid
profiles. We examined if participants with missing vari-
ables were demographically different from those with no
missing variables, and some heterogeneities were detected,
suggesting that missing data from the dataset were not
‘missing completely at random’.”” To avoid possible
biases from missing variables, we imputed missing values
by multiple imputation by chained equations (chain
length=10). Sensitivity analyses on the original dataset
were also conducted, along with analyses on the imputed
dataset, for estimation of biases. During sensitivity analyses,
1221 participants with either missing social network prop-
erties or missing lipid profiles were excluded.

Ttests and % tests were used to compare sex-specific
mean values and proportions of baseline socioeco-
nomic status variables, social network properties, health
behaviors and measures related to metabolic syndrome.
Multivariate logistic regression was used to estimate the
association between social network properties and meta-
bolic syndrome or individual metabolic abnormalities
(metabolic syndrome components) after controlling
for household income, education level, smoking status,
drinking status, physical activity, depressive symptoms
and comorbidities. Both categorical and linear models
were used to estimate ORs. In the categorical model,
the subgroup with a larger network size (size 24) and
with a closer social network (closeness >3.2) was set as
the reference group, and ORs for a smaller network size
(size £3) and less close social network (closeness <3.2)
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Table 1
participants (n=10 103)

Baseline characteristics of the Cardiovascular and Metabolic Diseases Etiology Research (CMERC) Cohort

Community-based population (n=8097)

Men (n=2808)

Women (n=5289)

Controls Cases Controls Controls
Variables (n=2004) (n=804) P value (n=4336) (n=953) P value
Age, mean (SD) (n=8097) 50.56 (9.60) 51.16 (8.67) 0.112 51.04 (8.52) 55.16 (6.32) <0.001
Household income, KRW/year, N (%) (n=8097) 0.225 0.305
<25 p (24M) 536 (26.75) 203 (25.25) 843 (19.44) 203 (21.30)
25 p-50 p (48M) 344 (17.17) 118 (14.68) 955 (22.02) 228 (23.92)
50 p-75 p (75.6M) 611 (30.48) 256 (31.84) 1448 (33.40) 291 (30.54)
>75p 503 (25.10) 225 (27.99) 1070 (24.68) 227 (23.82)
N/A 10 (0.50) 2 (0.24) 20 (0.46) 4(0.42)
Degree of education, N (%) (n=8097) <0.001 <0.001
Primary or lower 58 (2.89) 20 (2.49) 235 (5.42) 104 (10.91)
Secondary 779 (38.87) 376 (46.77) 2490 (57.43) 638 (66.95)
Tertiary or higher 1167 (58.24) 408 (50.74) 1611 (37.15) 210 (22.04)
N/A 0 (0) 0 (0) 0 (0) 1(0.10)
Charlson Comorbidity Index, N (%) (n=8097) <0.001 <0.001
0 792 (39.52) 247 (30.72) 1648 (38.01) 162 (17.00)
1 579 (28.89) 270 (33.58) 1569 (36.19) 321 (33.68)
2 465 (23.20) 196 (24.38) 812 (18.73) 302 (31.69)
3 139 (6.94) 78 (9.70) 241 (5.56) 113 (11.86)
>4 29 (1.45) 13 (1.62) 66 (1.51) 55 (5.77)
BDI-II scores, mean (SD) (n=8095) 8.76 (6.74) 9.35 (6.82) 0.036 11.20 (7.49) 11.81 (8.10) 0.033
Social network properties
Size of social network, mean (SD) 3.28 (1.76) 3.07 (1.74) 0.003 3.60 (1.62) 3.27 (1.55)  <0.001
(n=8097)
Social network closeness, mean (SD) 3.20 (0.61) 3.20 (0.59) 0.835 3.14 (0.61) 3.10 (0.62) 0.084
(n=8038)
Lifestyle factors
Physically activity in MET-hours, N (%) 11.36 (13.48) 9.90 (12.34) 0.006 7.59 (9.82) 6.62 (8.77) 0.003
(n=8097)
Current smoker, N (%) (n=8097) 647 (32.29) 276 (34.33) 0.319 122 (2.81) 15 (1.57) 0.039
Current drinker, N (%) (n=8097) 1684 (84.03) 693 (86.19) 0.168 2816 (65.17) 559 (58.66) <0.001
Metabolic syndrome components
BMI, kg/m?, mean (SD) (n=8097) 24.25 (2.52) 27.15 (2.71) <0.001 23.08 (2.75) 25.95 (3.07) <0.001
Waist circumference, mean (SD) (n=8096) 85.12 (6.88) 93.87 (6.66) <0.001 77.79 (7.73) 86.78 (7.16) <0.001
Mean systolic blood pressure, mean (SD)  122.21 (12.35) 132.34 (13.99) <0.001 113.56 (13.26) 127.84 (15.59) <0.001
(n=8095)
Mean diastolic blood pressure, mean (SD) 78.36 (8.95) 85.67 (9.90) <0.001 72.41 (8.60) 80.10 (9.89) <0.001
(n=8095)
Serum HDL, mean (SD) (n=8095) 52.34 (12.05) 43.71 (10.63) <0.001 4335 (61.60) 47.49 (10.10) <0.001
Serum TG, mean (SD) (n=8095) 132.49 (92.13) 233.37 (159.78)  <0.001 100.51 (48.87) 185.58 (84.07) <0.001
Fasting glucose, mean (SD) (n=8095) 94.93 (19.45) 111.91 (28.86) <0.001 98.03 (12.97) 107.46 (28.49) <0.001
Hospital-based population (n=2006)
Men (n=1168) Women (n=838)
Controls Cases Controls Controls
Variables (n=697) (n=471) P value (n=473) (n=365) P value
Age, mean (SD) (n=2006) 52.24 (8.42) 52.84 (8.23) 0.234 52.91 (8.23) 54.49 (7.77) 0.005
Household income, KRW/year, N (%) (n=2006) 0.732 0.251
Continued
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Hospital-based population (n=2006)

Men (n=1168)

Women (n=838)

Controls Cases Controls Controls
Variables (n=697) (n=471) P value (n=473) (n=365) P value
<25 p (24M) 126 (18.08) 84 (17.83) 65 (13.74) 59 (16.16)
25 p-50 p (48M) 96 (13.77) 65 (13.80) 84 (17.76) 56 (15.34)
50 p-75 p (75.6M) 175 (25.11) 13 (21.87) 104 (21.99) 73 (20.00)
>75p 151 (21.66) 109 (23.14) 98 (20.72) 63 (17.26)
N/A 149 (21.38) 110 (23.35) 122 (25.79) 114 (31.23)
Degree of education, N (%) (n=2006) 0.607 0.012
Primary or lower 34 (4.88) 29 (6.16) 56 (11.84) 65 (17.81)
Secondary 270 (38.73) 168 (35.67) 241 (50.95) 198 (54.25)
Tertiary or higher 391 (56.10) 272 (57.75) 175 (37.00) 101 (27.67)
N/A 2 (0.29) 2(0.42) 1(0.21) 1(0.27)
Charlson Comorbidity Index, N (%) (n=2006) <0.001 <0.001
0 79 (11.33) 60 (12.74) 42 (8.88) 28 (7.67)
1 126 (18.08) 76 (16.13) 94 (19.87) 46 (12.60)
2 234 (33.57) 116 (24.63) 186 (39.32) 100 (27.40)
3 135 (19.37) 97 (20.59) 89 (18.82) 80 (21.92)
>4 123 (17.65) 122 (25.90) 62 (13.11) 111 (30.41)
BDI-Il scores, mean (SD) (n=1997) 8.79 (7.33) 9.66 (7.05) 0.045 10.96 (8.58) 11.97 (8.48) 0.092
Social network properties
Size of social network, mean (SD) (n=2005) 2.10 (1.41) 2.21 (1.46) 0.211 2.58 (1.48) 2.38 (1.28) 0.037
Social network closeness, mean (SD) (n=1939) 3.47 (0.64) 3.45 (0.66) 0.470 3.48 (0.64) 3.41 (0.67) 0.133
Lifestyle factors
Physically activity in MET-hours, N (%) (n=2006) 9.95 (13.14) 9.31 (13.09) 0.414 6.54 (7.81) 6.16 (8.97) 0.517
Current smoker, N (%) (n=2006) 170 (24.39) 153 (32.48) 0.003 14 (2.96) 13 (3.56) 0.625
Current drinker, N (%) (n=2006) 456 (65.42) 303 (64.33) 0.701 200 (59.70) 135 (40.30) 0.120
Metabolic syndrome components
BMI, kg/m?, mean (SD) (n=2006) 24.33 (3.26) 27.42 (3.47) <0.001 23.07 (3.56) 26.20 (3.97) <0.001
Waist circumference, mean (SD) (n=2002) 85.99 (8.12) 94.56 (8.18) <0.001 78.66 (9.47) 88.30 (9.29) <0.001
Mean systolic blood pressure, mean (SD) (h=2004) 124.64 (16.09) 133.19 (17.11) <0.001 118.64 (14.59) 130.18 (15.97) <0.001
Mean diastolic blood pressure, mean (SD) (h=2004) 78.40 (10.21) 82.20 (10.02) <0.001 74.62 (9.75) 78.93 (9.96) <0.001
Serum HDL, mean (SD) (n=1800) 51.06 (12.60) 40.27 (10.80) <0.001 60.26 (19.25)  46.82 (12.91) <0.001
Serum TG, mean (SD) (n=1830) 97.06 (65.92) 178.10 (163.13) <0.001 86.89 (55.51) 146.17 (93.12) <0.001
Fasting glucose, mean (SD) (n=1961) 108.53 (29.12) 125.73 (40.24) <0.001 99.91 (22.10) 120.18 (38.24) <0.001

Significant values are in bold.

BDI-Il, Beck Depression Inventory-Il; BMI, body mass index; HDL, high-density lipoprotein; KRW, Korean Won; MET, metabolic equivalent task; TG,

triglyceride.

were estimated. In the linear model, ORs for one unit
decrease in network size and social network closeness
were estimated. The associations between social network
properties and potential mediators were also evaluated
using multiple logistic regression.

Mediation analyses were conducted using the ‘media-
tion’ package in R software. The mediation package is a
statistical tool developed by Imai et af’' to conduct media-
tion analyses, which are widely used in the fields of medi-
cine®® and epidemiology.”™ The package takes mediator
and outcome models as inputs and returns estimated

sizes of mediation effects. First, we input the logistic
regression model that had the potential mediators as
dependent variables and other covariates as independent
variables. Then, we input the logistic regression model
that had metabolic syndrome as the dependent variable
and mediator, alongside with other covariates as inde-
pendent variables. Finally, we estimated the direct effects,
indirect effects and their 95% Cls by quasi-Bayesian
Monte Carlo methods, with 5000 simulations each.® All
analyses were conducted using SAS software V.9.4 for
Windows (SAS Institute, Cary, North Carolina, USA) and
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Table 2 Gender-specific associations between social network properties and metabolic syndrome (n=10 103)*

Social network

Gender properties

No. of
people

No. (%) metabolic

syndrome

Model 11

Model 2t

Model 3§

Model 49

OR (95% ClI)

OR (95% CI)

OR (95% ClI)

OR (95% CI)

Community-based low-risk participants (n=8097)

1.26 (1.06 to 1.50)
1.07 (1.02 to 1.12)

1.11 (0.94 t0 1.31)
1.01 (0.89 t0 1.16)

1.35 (1.17 to 1.57)
1.11 (1.06 to 1.16)

Men Size of social network
(n=2808) | ;g6 (>4) 1134 291 (25.66) 1.00
Small (<3) 1674 513 (30.65)
Per 1-unit decrease
Social network closeness
High (=3.2) 1373 376 (27.39) 1.00
Low (<3.2) 1435 428 (29.83)
Per 1-unit decrease
Women Size of social network
(n=5289) | e (=4) 2491 380 (15.25) 1.00
Small (<3) 2798 573 (20.48)
Per 1-unit decrease
Social network closeness
High (=3.2) 2504 436 (17.41) 1.00
Low (<3.2) 2785 517 (18.56)

Per 1-unit decrease

Hospital-based high-risk participants (n=2006)

0.94 (0.81 to 1.08)
0.96 (0.86 to 1.08)

1.00
1.25 (1.05 to 1.48)
1.07 (1.02 to 1.12)

1.00
1.10 (0.93 to 1.30)
1.00 (0.88 to 1.15)

1.00
1.32 (1.14 to 1.53)
1.10 (1.05 to 1.15)

1.00
0.90 (0.78 to 1.04)
0.93 (0.83 to 1.05)

1.00
0.98 (0.71 to 1.36)
0.85 (0.87 to 1.03)

1.00
1.02 (0.80 to 1.30)
1.06 (0.88 to 1.27)

1.00
1.40 (0.97 to 2.00)
1.08 (0.97 to 1.19)

1.00
1.23 (1.04 to 1.47)
1.06 (1.01 to 1.11)

1.00
1.08 (0.91 to 1.28)
0.99 (0.87 to 1.13)

1.00
1.28 (1.11 to 1.49)
1.09 (1.04 to 1.14)

1.00
0.90 (0.78 to 1.05)
0.94 (0.83 to 1.05)

1.00
0.95 (0.69 to 1.32)
0.93 (0.86 to 1.02)

1.00
0.95 (0.74 to 1.22)
1.00 (0.82 to 1.20)

1.00
1.47 (1.01 to 2.13)
1.09 (0.98 to 1.21)

1.00
1.20 (1.01 to 1.43)
1.05 (1.00 to 1.11)

1.00
1.07 (0.91 t0 1.27)
0.99 (0.86 to 1.13)

1.00
1.26 (1.09 to 1.46)
1.08 (1.03 to 1.13)

1.00
0.90 (0.78 to 1.05)
0.94 (0.83 to 1.05)

1.00
0.95 (0.68 to 1.32)
0.93 (0.85 to 1.02)

1.00
0.94 (0.73 to 1.21)
0.98 (0.81 to 1.19)

1.00
1.46 (1.00 to 2.12)
1.08 (0.98 to 1.20)

Men Size of social network
M=1168) | Jge (24 183 75 (40.98) 1.00
Small (<3) 985 0.96 (0.70 to 1.33)
Per 1-unit decrease 0.95 (0.87 to 1.03)
Social network closeness
High (=3.2) 725 292 (40.28) 1.00
Low (<3.2) 443 179 (40.41) 1.00 (0.78 to 1.27)
Per 1-unit decrease 1.04 (0.87 to 1.24)
Women Size of social network
(n=838) Large (>4) 167 60 (35.93) 1.00
Small (<3) 671 305 (45.45) 1.45 (1.02 to 2.07)
Per 1-unit decrease 1.10 (0.99 to 1.21)
Social network closeness
High (=3.2) 542 226 (41.70) 1.00
Low (<3.2) 296 139 (46.96) 1.16 (0.87 to 1.54)

Per 1-unit decrease

1.11 (0.90 to 1.37)

1.00 1.00 1.00
1.16 (0.86 to 1.56) 1.07 (0.79t0 1.44)  1.06 (0.78 to 1.44)
1.12(0.91t01.39) 1.05(0.85t0 1.31)  1.05 (0.85 to 1.31)

Significant values are in bold.

*All results are from the dataset after multiple imputation by chained equations, with a chain length of 10.

TAdjusted for age.
FAdjusted for age, household income and education.
§Adjusted for age, household income, education and comorbidities.

YAdjusted for age, household income, education, comorbidities, drinking status, smoking status and physical activity.

R software V.3.5.2 (R Core Team, 2018). To investigate
age heterogeneities in the effects of social networks, age-
specific direct effects of network size and the indirect
effect through physical activity for each subgroup were
estimated and plotted.

RESULTS

Characteristics of CMERC Cohort participants

A total of 8034 participants from the community-based
population and 1683 participants from the hospital-based

population with complete information on social network
properties and lipid profiles were included in the final anal-
yses. In the community-based group, 777 men (27.85%)
and 923 women (17.60%) had metabolic syndrome. In the
hospital-based group, 379 men (38.99%) and 305 women
(42.90%) had metabolic syndrome.

Social network sizes were smaller in participants with
metabolic syndrome in all subgroups, except in hospital-
based men. Social network closeness did not differ with
the presence of metabolic syndrome in all subgroups. In
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the community-based group, participants with metabolic
syndrome reported less physical activity in both men and
women; no differences were detected in the hospital-
based group (table 1).

Social network properties and metabolic syndrome

In the community-based group, a small social network was
positively associated with metabolic syndrome in both men
and in women. In the hospital-based group, however, the
same positive association was only apparent in women.
Social network closeness was not associated with metabolic
syndrome in any subgroup (table 2). Sensitivity analyses
with the original dataset presented similar trends for the
association (online supplementary material 5).

When analyzed for individual metabolic syndrome
components, instead of metabolic syndrome, a small
social network was positively associated with central
obesity (men: OR=1.19, 95% CI (1.01 to 1.39); women:
OR=1.29,95% CI (1.15 to 1.45)) and high fasting glucose
(men: OR=1.34, 95% CI (1.13 to 1.58); women: OR=1.23,
95% CI (1.07 to 1.42)) in both men and women in the
community-based population. Low social network close-
ness was positively associated with central obesity in
women, and no other associations were found in men
or women. In the hospital-based population, neither
the size nor the social network closeness was associ-
ated with metabolic syndrome components in men. In
women, there were some trends of a positive association
between network size and metabolic syndrome compo-
nents, although with only borderline significance (online
supplementary material 6).

A. Community-based, men

A
v
3

Metabalic syndrome

M Metabolic syndrome

Figure 1

Mediating effect of lifestyle factors

Small network size was negatively associated with physical
activity in both the community-based and hospital-based
groups. Social network closeness was not associated with
physical activity in any subgroups. Cigarette smoking
was positively associated with metabolic syndrome in
only low-risk females. There were no clear associations
between depressive symptoms and metabolic syndrome
in any subgroup (figure 1).

In the community-based group, physical activity medi-
ated the association between social network size and
metabolic syndrome in both sexes (men: effect size
(ES)=5.2x10%, p=0.024; women: ES=3.1x107, p<0.001).
Indirect effects of social network size through alcohol
consumption, cigarette smoking and depressive symp-
toms were not significant in any subgroup. Neither direct
nor indirect effects of social network closeness on meta-
bolic syndrome were significant (table 3). In the hospital-
based group, a direct effect for network size was detected
in women. No indirect effects for network size and close-
ness were detected. Significant direct and indirect effects
for network size were also detected in sensitivity analyses
(online supplementary material 7).

In the community-based group, indirect effects on
central obesity, high triglyceride and high fasting
glucose components were detected in both men
and women. In women, indirect effects on low HDL-
cholesterol components were also detected. In the
hospital-based group, only indirect effects on central
obesity were detected in men (ES=6.4x107, p=0.049);

C. Hospital-based, men

‘Small soclal network

A Metabolic syndrome

Conceptual diagram of the associations among social network properties, lifestyle factors and metabolic syndrome

in men and women. (A) Community-based, men, (B) community-based, women, (C) hospital-based, men, (D) hospital-based,
women. Adjusted for age, household income, education level and comorbidities.
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Table 3 Direct and indirect effects of social network properties on metabolic syndrome (n=10 103)*

Community-based low-risk participants (n=8097)

Men (n=2808)

Women (n=5289)

Effect size (95% CI)t

Effect size (95% CI)t

Social network properties (x1073) P value (x1073) P value
Size of social network
Direct effect 3.65 (1.74 to 7.07) 0.040 3.19 (1.15 to 5.20) 0.002
Indirect effect—physical activity 0.52 (0.08 to 1.05) 0.024 0.31 (0.11 to 0.55) <0.001
Indirect effect—cigarette smoking 0.00 (-0.11 to 0.11) 0.977 0.00 (-0.06 to 0.48) 0.910
Indirect effect—alcohol consumption —-0.01 (-0.16 to 0.14) 0.933 —-0.03 (-0.12 to 0.03) 0.420
Indirect effect—depressive symptoms 0.14 (-0.15t0 0.47) 0.345 0.00 (-0.15t0 0.14) 0.994
Social network closeness
Direct effect 1.45 (-1.99 to 4.84) 0.396 -1.40 (-3.43 to 0.56) 0.176
Indirect effect—physical activity 0.07 (-0.08 to 0.29) 0.362 0.05 (-0.05t0 0.17) 0.314
Indirect effect—cigarette smoking 0.06 (-0.10 to 0.29) 0.445 0.02 (-0.04 to 0.09) 0.554
Indirect effect—alcohol consumption -0.03 (-0.20 to 0.11) 0.697 —-0.03 (-0.12 to 0.03) 0.358
Indirect effect—depressive symptoms 0.16 (-0.16 to 0.50) 0.340 0.00 (-0.23 to 0.23) 0.991
Hospital-based high-risk participants (n=2006)
Men (n=1168) Women (n=838)
Effect size (95% CI)t Effect size (95% CI)t
Social network properties (x1073) P value (x1079) P value
Size of social network
Direct effect -1.12 (-9.07 to 6.51) 0.802 8.40 (0.09 to 16.23) 0.046
Indirect effect—physical activity 0.13 (-0.47 to 0.80) 0.649 0.07 (-0.61 to 0.82) 0.824
Indirect effect— cigarette smoking -0.01 (-1.02 to 0.92) 0.991 0.12 (-0.41 t0 0.83) 0.662
Indirect effect—alcohol consumption —-0.05 (-0.64 to 0.51) 0.857 —-0.04 (-0.50 to 0.37) 0.870
Indirect effect—depressive symptoms 0.12 (-0.30 to 0.67) 0.601 0.038 (-0.36 to 5.07) 0.894
Social network closeness
Direct effect —-1.44 (-7.34 t0 4.19) 0.630 1.33 (-5.69 to 8.18) 0.705
Indirect effect—physical activity 0.04 (-0.18 to 0.33) 0.790 0.04 (-0.33 t0 0.47) 0.854
Indirect effect—cigarette smoking 0.42 (-0.29 to 1.33) 0.267 0.20 (-0.51 to 1.14) 0.598
Indirect effect—alcohol consumption —0.03 (-0.47 to 0.36) 0.859 —0.07 (-0.67 to 4.34) 0.761
Indirect effect—depressive symptoms 0.66 (-0.09 to 1.58) 0.083 0.60 (-0.70 to 1.97) 0.344

Estimated using the ‘mediation’ package. The quasi-Bayesian Monte Carlo method was applied with 5000 times of simulation each.

Significant values are in bold.

*All results are from the dataset after multiple imputation by chained equations, with a chain length of 10.
TAdjusted for age, household income, education level, comorbidities and social network closeness.

no indirect effects were detected in women (online
supplementary material 8).

Both direct and indirect effect were moderated by
age. In the community-based group, the direct effect of
network size was smaller in older participants, while indi-
rect effects through physical activity were larger. In the
hospital-based group, since effect sizes were insignificant
throughout most of the age range, definite conclusions
could not be drawn (figure 2).

DISCUSSION
In this study, we found a small social network to be posi-
tively associated with a higher prevalence of metabolic

syndrome in low-risk individuals. Social network close-
ness showed no association with metabolic syndrome.
Interestingly, several lifestyle factors were associated with
social network properties, and our mediation analyses
revealed that physical inactivity can explain the asso-
ciation between a small social network and metabolic
syndrome. In high-risk individuals, a direct effect for
network size was detected only in women, and no indirect
effects through lifestyle factors were detected.

Previous studies have consistently shown a positive
association between poor social networks and metabolic
syndrome, although underlying mechanisms thereof
have remained largely unknown. Several studies have
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Figure 2 Age-specific direct effect of size of social network and indirect effect through physical activity.” (A) Community-
based, men, (B) community-based, women, (C) hospital-based, men, (D) hospital-based, women. "Adjusted for age, household
income, education level, comorbidities, social network closeness, alcohol consumption and cigarette smoking. In community-
based population, age-specific indirect effect of network size through physical activity was larger in older age. In contrast, no
significant trends in indirect effects were found in hospital-based population.

suggested a possible correlation between poor social
network status and lifestyle; however, only a few previous
studies have attempted to quantify the mediating effects
of lifestyle factors on the association between social
network and metabolic syndrome. To address this knowl-
edge gap, we investigated the association between social
network properties and metabolic syndrome by analyzing
a relatively large population (n>10 000). Furthermore,
we examined if lifestyle factors mediated the health
effects of social network properties, since it is suggested
that social environments affect lifestyle.*

Overall, only social network size, not closeness, showed
a significant effect on metabolic syndrome. However,
previous studies have reported a significant effect for
social network quality on health.”” One study that
explored the coping mechanisms of Asian and European
Americans in response to stress reported that among
social support mechanisms, Asian Americans relied less
on emotional support than European Americans, unlike
instrumental support where no significant differences
were observed between Asian and European Ameri-
cans.” People from collectivistic cultures tend to seek
social support, particularly emotional support, less than
those from individualistic cultures, and thus, the effec-
tiveness of support seeking is attenuated.™ In individual-
istic cultures, a relationship is a means through which to
promote individual goals; thus, members of the network

can actively seek help from other members. In contrast, in
collectivistic cultures, pursuit of individual goals is a risk
factor for relationship-related strain; hence, members of
the network try not to burden each other.*” ** Although
this would not fully explain the tendencies noted in our
study, we suspect that the health benefit of social network
quantity, which is correlated with instrumental support,
is more prominent than that of network quality, which is
correlated with emotional support.

Interestingly, women were more likely to be affected
by network size than their male counterparts. Several
studies have emphasized gender differences in the effect
of social network on health and the need for gender-
specific approaches in further research.”* These gender
differences mainly rise from coping mechanisms against
stress: women have evolved to use a ‘tend-and-befriend
mechanism’, which reflects a reliance on social groups to
avoid stressors and threats, and therefore usually receive
more benefit from social networks and social support
than men do.”” We were able to detect gender differ-
ences in the health effects of social networks, especially in
high-risk individuals. It could be postulated that coping
mechanisms come into play as risk for cardiovascular
and metabolic disease increases, resulting in amplified
gender differences in the effects of social networks on
health.
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Our analyses showed that reduced physical activity
could explain, at least in part, the association between
social networks and metabolic syndrome. Individuals
with a small social network are likely to be less physi-
cally active.* The social control theory suggests that an
abundance of social network resources can improve the
lifestyles of network members, whereby members of a
social network are obligated to adopt healthy behaviors,
resulting in the promotion of healthy behaviors in other
members.*! Individuals with a small network lack these
influences. Evidence indicates that negative effects can
occur due to feelings of loneliness and that social isola-
tion can lead to decreased physical activity.”* * Our medi-
ation analysis indicated that a small social network is both
directly and indirectly (through physical inactivity) asso-
ciated with the risk of having metabolic syndrome. This
finding implies that lifestyle factors, including physical
inactivity, can increase the risk of metabolic syndrome in
individuals with insufficient social network resources.

Age-specific estimates suggest that the impact of phys-
ical activity or inactivity on health increases with age.
Several studies have suggested that physical activity can
decrease risk for metabolic syndrome,** especially in
middle-aged or older populations.*” ** Physical activity
can reduce insulin resistance,"” and low physical activity
is associated with several metabolic syndrome compo-
nents.”® As the risk for metabolic syndrome increases as
people grow older, the role of physical activity in health
increases, and this could have been reflected in the
greater indirect effect of a small social network through
physical activity on metabolic syndrome.

One might argue that the lack of physical activity
decreases an individual’s opportunity to create and
maintain new social ties, ultimately causing metabolic
syndrome through a smaller social network. However, a
previous longitudinal analysis*’ of loneliness and physical
activity explained that whereas physical activity in base-
line years does not predict subsequent loneliness or size
of social network, loneliness in baseline years is able to
predict subsequent decreases in physical activity. Further-
more, in our study, social network information was based
on the participants’ network status in the previous year
and was obtained through an interview; physical activity
information was based on the physical activities that the
patient had performed in the previous week. Therefore,
the temporality between exposure and mediator would
reduce the possibility of reverse causality.

Alcohol drinking and cigarette smoking did not signifi-
cantly mediate the association in either men or women.
Drinking and smoking remain important aspects of
socialization in South Korea and are more prominent
in the older population. While a larger social network
can prevent the development of hazardous lifestyles, for
network members who encourage smoking or drinking,
it might actually increase the risk of drinking and
smoking.* ® This might have diminished the effect of
social networks on drinking and smoking habits. Since
the social context of drinking and smoking is rapidly

changing in Korean society, studies on younger individ-
uals are warranted to fully understand the relationship
between social networks and lifestyle factors.

To our knowledge, this study is one of only a few to have
attempted to investigate the association between social
network and metabolic syndrome in the Korean popu-
lation. Moreover, we investigated associations between
social networks and lifestyle factors, and quantified the
extent to which the association of social networks with
metabolic syndrome is related by performing mediation
analyses.

However, several limitations should be considered in
interpreting our results. First, in spite of the relatively
large sample size (n>10 000), results from our medi-
ation analyses cannot be used to infer causality due to
cross-sectional nature of the study, even though tempo-
rality between exposure, mediator and outcome variables
was maintained. To elucidate this temporal association,
follow-up evaluation is in action, and longitudinal cohort
datawould be able to provide more comprehensive under-
standing of the relationships among social network, life-
style factors and metabolic syndrome. Second, our results
might not be generalizable to the entire population
since the included participants were sampled from rela-
tively urban districts. As urbanicity affects social network
properties and their health outcomes,” results from our
study might be affected by urbanicity of population. A
nationwide study with national-level indicators of social
network and psychosocial factors could help demon-
strate the health roles of social networks and its associa-
tion with metabolic syndrome. Lastly, since we evaluated
social network properties by an interview, response bias
may exist. For instance, depressed individuals might
underestimate their closeness with network members.
In contrast, social network size, which was defined as the
number of people with whom participants have discussed
important issues, is a variable that is less likely affected by
depressive symptoms. Since there were no differences in
the direction of association when stratified by depressive
symptoms, the impact of response biases in our study is
likely to be limited in our model.

CONCLUSION

Despite these limitations, our study found a positive
association between small network size and metabolic
syndrome and reported the mediating effect of physical
inactivity. This could imply that the excess risk of meta-
bolic syndrome in socially isolated individuals could
be attributed to physical inactivity and that exercising
could provide protective health effects in individuals
with a small social network, especially in older individ-
uals. Hence, healthcare providers should recognize the
negative health effects of social isolation and subsequent
decrease in physical activity on metabolic syndrome and
develop strategies to increase physical activity among
people with small social networks.
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