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Abstract

Background: Whether community level social capital is associated with mortality within an Asian population is yet
unclear.

Methods: The study population was derived from the Korean National Health Insurance Service-National Sample
Cohort. A total of 636,055 participants were followed-up during 2012–2013 for deaths from all causes,
cardiovascular disease (CVD), cancer, and other causes. Community level social trust and reciprocity at the
administrative district level were derived from the Korean Community Health Survey. Cox proportional hazards
regression was used to determine the adjusted hazard ratios (aHRs) and 95% confidence intervals (CIs) for mortality
according to levels of community level social trust and reciprocity.

Results: Compared to participants who reside in areas within the lower half of community level social trust, those
who reside in areas within the upper half had lower risk of death from all causes (aHR 0.84, 95% CI 0.78–0.89), CVD
(aHR 0.82, 95% CI 0.67–0.99), and cancer (aHR 0.85, 95% CI 0.73–0.98). Similarly, residing in areas in the upper half of
community level social reciprocity was associated with reduced risk for all-cause mortality (aHR 0.80, 95% CI 0.75–
0.86). The protective association of high community level social trust and reciprocity on mortality remained after
additional adjustments for smoking, alcohol intake, and physical activity.

Conclusions: Residing in areas with high community level social trust and reciprocity may be associated with
better population health status.
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Background
Social capital is increasingly recognized as a social deter-
minant of population health, including morbidity and
mortality. While the definition of social capital varies [1,
2], one school of thought (the social cohesion approach)
describes social capital as a community level asset that

can enhance cooperation for mutual benefit [3]. While
multiple components of social capital exist, trust and
reciprocity are considered two essential elements of so-
cial capital. Social trust may facilitate social interactions
and the dissemination of information while also enhan-
cing other components of social capital such as volun-
teering and participation [4]. Likewise, high levels of
reciprocity in relationships, which is based on the as-
sumption that sharing resources will be repaid, are
thought to foster more cooperative communities and so-
cieties [1]. While an extensive literature on the
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association of community level social capital with health
has built up [5], there is still a dearth of empirical evi-
dence on the relationship between social trust and reci-
procity with mortality.
Previous studies that investigated the association of so-

cial capital with mortality have found conflicting results.
While some studies showed that higher social trust was
associated with lower mortality risk [6, 7], others failed
to show a significant relationship between social trust
and mortality [8]. These studies, however, were limited
by their cross-sectional or ecological design. A study
from Sweden found that social capital was associated
with lower mortality among men, but used proxy mea-
sures of social capital such as voting participation and
crime rates [9]. Moreover, recent studies that used longi-
tudinal cohort designs were limited by relatively small
population samples that were not nationally representa-
tive [10–12]. Recently, it has been proposed that there
may be genetic [13] and cultural [14] components that
contribute to social trust, highlighting the need for stud-
ies on social trust or reciprocity with mortality among
participants outside of the Western population.
Therefore, using a nationally representative cohort

from South Korea, we determined the association of
community level social trust and reciprocity with mor-
tality among a sizeable Asian population.

Methods
Study population
The study population was derived from the Korean Na-
tional Health Insurance Service – National Sample Co-
hort (NHIS-NSC). In South Korea, the NHIS provides
mandatory health insurance for all Korean citizens pro-
viding nearly all types of health services [15]. Further-
more, the NHIS provides health screening examinations,
including a self-reported questionnaire on lifestyle be-
haviors, anthropometric measurements, and laboratory
exams for blood and urine, on a biannual basis for enrol-
lees aged 40 years or older. The NHIS collects informa-
tion on all insured health services for claims purposes.
Based on this data, the NHIS provides a part of their
data for research purposes [16]. The NHIS-NSC cohort
is composed randomly-selected participants that are
comprised of 2.2% of the entire population of South
Korea in 2002. The participants were selected using a
systemic stratified random sampling with proportional
allocation and followed-up until 31 December 2013 [16].
Multiple large-scale epidemiological studies have used
the NHIS database, and its validity is described in detail
elsewhere [16–18].
Among 782,990 participants aged 20 years or older in

the NHIS-NSC, 5018 participants who died before the
index date of 1 January 2012 were excluded. Addition-
ally, 101,384, and 33,699 participants (respectively) who

were already diagnosed with cardiovascular disease
(CVD) or cancer at baseline were excluded. Finally, 6834
participants with missing values for community level so-
cial trust or reciprocity were excluded, resulting in a
final study population of 636,055 participants (full
cohort).
Furthermore, participants were then categorized ac-

cording to whether they resided in areas within the
upper or lower half of community level social trust or
reciprocity, based on an independent source of data, the
Korean Community Health Survey (KCHS). Then, pro-
pensity score matching was performed according to
whether or not participants resided within the upper half
of social trust or reciprocity communities, taking into
consideration age, sex, household income, and Charlson
comorbidity index. Using a caliper of 0.2 times the
standard deviation of the logit propensity score, we used
a matching ratio of 1:1. For community level social trust,
32,075 participants who were not matched were ex-
cluded, resulting in a final study population of 603,980
participants (propensity score-matched cohort for com-
munity level social trust). For community level social
reciprocity, 50,432 unmatched participants were ex-
cluded, resulting in 585,632 participants (propensity
score-matched cohort for community level social reci-
procity). The final study population was followed-up for
all-cause, CVD-related, and cancer-related mortality
starting from the index date of 1 January 2012 to 31 De-
cember 2013.

Key variables
Community level social trust and reciprocity values were
derived from the KCHS. The KCHS is a nationally- and
district representative community-based cross-sectional
survey of 229,229 participants that contains community-
level information according to administrative district
sites [19]. In the survey, all participants are asked “Do
you trust members of your community?” as a measure of
social trust and “Do you help other members of your
community (during occasions for celebration or grief,
e.g. weddings and funerals)?” as a measure of social reci-
procity. Social trust and reciprocity are calculated by de-
termining the proportion of those who answered yes to
the respective social trust and reciprocity questions for
each administrative district site. A total of 253 district
sites, with a mean (standard deviation) land area of 55.1
(79.9) km2, covers the entire South Korea land mass
[20]. The social trust and reciprocity values in 2011 were
then merged with NHIS-NSC according to each partici-
pant’s residential district.
In South Korea, the Statistics Korea Office maintains

information on the date and cause of death for all Ko-
rean citizens. This information, which is merged to the
NHIS database, is provided by the NHIS for all
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participants in the NHIS-NSC. All causes of death are
determined by the attending physician at the time of
death according to the International Classification of
Diseases, 10th Revision (ICD-10) codes. Death from
CVD was defined when the cause of death was either
coronary heart disease (ICD-10 code: I20-I25) or stroke
(ICD-10 code: I60-I69) [21]. Death from cancer was de-
fined when the cause of death pertained to ICD-10 codes
for any cancer (C00-C99). Finally, death from other
causes was defined when the cause of death was neither
CVD nor cancer.

Statistical analysis
Multivariate Cox proportional hazards regression was
used to determine the adjusted hazards ratios (aHRs)
and 95% confidence intervals (CIs) for all-cause, CVD-
related, cancer-related, and other cause-related mortality
according to community level social trust or reciprocity
in the full cohort as well as the propensity score
matched-cohort. Compared to those who resided in
areas within the lower half of community level social
trust or reciprocity, the risk for mortality was deter-
mined for participants who resided in areas within the
upper half of community level social trust or reciprocity.
The considered covariates included age (categorical, 20–
29, 30–39, 40–49, 50–59, and ≥ 60 years), sex (categor-
ical, men and women), household income (categorical,
1st, 2nd, 3rd, and 4th quartiles), and Charlson comor-
bidity index (continuous). Household income was de-
rived from the insurance premium. The algorithm for
calculating Charlson comorbidity index using claims
data was derived from elsewhere [22].
In order to determine whether increasing levels of

community level social trust or reciprocity were associ-
ated with lower mortality risk, we divided the population
into quartiles of community level social trust or reci-
procity as well as conducting additional propensity score
matching according to quartiles of social trust or reci-
procity. Propensity score of the lowest quartile of social
trust and reciprocity matching was conducted with each
of the other three quartile groups separately: lowest (1st)
quartile and second lowest (2nd) quartile, lowest quartile
and second highest (3rd) quartile, and lower quartile and
highest (4th) quartile of social trust and reciprocity.
Then, the risk for mortality was evaluated for partici-
pants in the 2nd, 3rd, and 4th quartiles of social trust or
reciprocity compared to those within the 1st quartile.
Information of lifestyle behaviors were provided only

for those who underwent health screening examinations.
Therefore, subgroup analyses were conducted with add-
itional adjustments for lifestyle behaviors including
smoking (categorical, never, past, and current smokers),
alcohol intake (categorical, yes and no), and physical ac-
tivity (categorical, yes and no). Among those who

underwent health screening examinations during 2010–
2011, the risk for mortality according to community
level social trust or reciprocity was determined with add-
itional adjustments for smoking, alcohol intake, and
physical activity. Stratified analysis according to lifestyle
behaviors were conducted for mortality risk for partici-
pants within the upper half of community level social
trust or reciprocity compared to those within the lower
half.
After propensity score matching, standardized differ-

ences in the proportion of covariates between the upper
and lower halves of community level social trust or reci-
procity were calculated. The association of community
level social trust or reciprocity with mortality risk with
the inclusion of previous CVD or cancer patients was
determined. Finally, the adjusted odds ratios (aORs) and
95% CIs for all-cause mortality according to community
level social trust or reciprocity was conducted via multi-
level logistic regression to determine the individual level
and community level associations of social trust or reci-
procity with all-cause mortality.
Statistical significance was defined as a p value of <

0.05 in a two-sided manner. All data collection and stat-
istical analysis were conducted using SAS 9.4 (SAS Insti-
tute, Cary, NC, USA).

Results
Table 1 depicts the descriptive characteristics of the
study population in the full cohort. The range of com-
munity level social trust for participants residing in the
lower and upper half were 37.1–61.9% vs. 62.0–99.8%,
respectively. Community level social reciprocity ranges
for those residing in the lower and upper half were
14.6–36.3% vs. 36.6–96.6%, respectively. The number of
districts within the lower and upper half of community
level social trust was 73 and 176, respectively. The num-
ber of districts within the lower and upper half of com-
munity level social reciprocity was 68 and 181,
respectively. There was a significant difference in the
proportion of age, household income, and Charlson co-
morbidity index between the upper and lower halves of
social trust or reciprocity (all p values< 0.001). Supple-
mental Table 1 shows the descriptive characteristics of
the study population in the propensity score-matched
cohort. After propensity score matching, there was not a
significant difference in the proportions of age, sex,
household income, and Charlson comorbidity index (all
standardized differences< 0.1).
The risks for all-cause, CVD-related, cancer-related,

and other cause-related mortality according to commu-
nity level social trust and reciprocity are shown in
Table 2. Compared to those residing in the lower half of
social trust, participants residing in the upper half had a
lower risk for all-cause mortality (aHR 0.83, 95% CI
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0.78–0.88). Participants residing within the district of
the upper half of social reciprocity had lower risk for all-
cause mortality (aHR 0.79, 95% CI 0.75–0.85) compared
to those residing within the lower half. Participants
within the upper half of community level social trust
had lower risk for CVD-related (aHR 0.82, 95% CI 0.68–
0.99) and cancer-related mortality. The risk for death
from other causes among those residing in upper half of
social trust (aHR 0.81, 95% CI 0.76–0.88) or reciprocity
(aHR 0.77, 95% CI 0.71–0.83) were lower compared to
those residing in the districts of the lower half of social
trust or reciprocity. Similar associations were observed
in the propensity score-matched cohort.
Table 3 shows the sensitivity analysis of the association

of community level social trust and reciprocity with
mortality among quartiles of social capital groups. Com-
pared to participants residing in the lowest quartile of
community level social trust in the full cohort, those res-
iding in the highest quartile had lower risks for all-cause
(aHR 0.80, 95% CI 0.73–0.87), CVD-related (aHR 0.65,
95% CI 0.50–0.85), and cancer-related (aHR 0.78, 95%
CI 0.65–0.94) mortality. Similarly, the risks for death
from all causes (aHR 0.73, 95% CI 0.67–0.80), cancer
(aHR 0.75, 95% CI 0.62–0.91), and other causes (aHR

0.72, 95% CI 0.65–0.80) were lower for those residing in
the highest quartile of community level social
reciprocity.
The risks for all-cause mortality according to commu-

nity level social trust and reciprocity after additional ad-
justments for lifestyle behaviors are depicted in Table 4.
All-cause mortality risk for those in the upper half of so-
cial trust was lower compared to those with the lower
half after additional adjustments for smoking, alcohol in-
take, and physical activity (aHR 0.79, 95% CI 0.70–0.90).
Similarly, participants with upper half of social reci-
procity had lower risk for all-cause mortality after ad-
justments for lifestyle behaviors (aHR 0.77, 95% CI
0.68–0.88). The risk for all-cause mortality for those
with the upper half of social trust was lower for partici-
pants who did (aHR 0.79, 95% CI 0.67–0.93) and did not
(aHR 0.74, 95% CI 0.61–0.89) consume alcohol. Simi-
larly, never smokers (aHR 0.71, 95% CI 0.60–0.85) and
past or current smokers (aHR 0.77, 95% CI 0.64–0.93)
both had a lower risk for all-cause mortality for those
who resided within the upper half of community level
social reciprocity.
Supplemental Table 2 depicts the association of com-

munity level social trust or reciprocity with mortality

Table 1 Descriptive characteristics of the study population

Community Level Social Trust p
value

Community Level Social Reciprocity p
valueLower half Upper half Lower half Upper half

Range of social capital, % 37.1–61.9 62.0–99.8 14.6–36.3 36.6–96.6

Number of districts 73 176 68 181

Number of participants 318,525 317,530 317,994 318,061

Age, years, N (%)

20–29 62,205 (19.5) 67,108 (21.1) < 0.001 61,360 (19.3) 67,953 (21.4) < 0.001

30–39 71,760 (22.5) 79,603 (25.1) 72,187 (22.7) 79,176 (24.9)

40–49 77,100 (24.2) 77,792 (24.5) 76,164 (24.0) 78,728 (24.8)

50–59 58,745 (18.4) 55,836 (17.6) 58,581 (18.4) 56,000 (17.6)

≥ 60 48,715 (15.3) 37,191 (11.7) 49,702 (15.6) 36,204 (11.4)

Sex, N (%)

Men 159,571 (50.1) 158,339 (49.9) 0.065 160,650 (50.5) 157,260 (49.4) < 0.001

Women 158,954 (49.9) 159,191 (50.1) 157,344 (49.5) 160,801 (50.6)

Household income, quartiles, N (%)

1st (highest) 78,930 (24.8) 81,558 (25.7) < 0.001 72,315 (22.7) 88,173 (27.7) < 0.001

2nd 101,376 (31.8) 102,151 (32.2) 102,827 (32.3) 100,700 (31.7)

3rd 80,783 (25.4) 83,906 (26.4) 83,987 (26.4) 80,702 (25.4)

4th (lowest) 57,436 (18.0) 49,915 (15.7) 58,865 (18.5) 48,486 (15.2)

Charlson comorbidity index, N (%)

0 126,837 (39.8) 130,002 (40.9) < 0.001 125,071 (39.3) 131,768 (41.4) < 0.001

1 110,843 (34.8) 112,709 (35.5) 110,678 (34.8) 112,874 (35.5)

≥ 2 80,845 (25.4) 74,819 (23.6) 82,245 (25.9) 73,419 (23.1)

P value calculated by Chi-squared test
Range of social capital represents the minimum and maximum values of community-level social trust or reciprocity values within each group
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Table 2 Hazard ratios for mortality according to community level social trust or reciprocity

Community Level Social Trust Community Level Social Reciprocity

Lower half Upper half Lower half Upper half

Full cohort

Number of participants 318,525 317,530 317,884 318,061

All-cause mortality

Events, N 2382 1626 2466 1542

Person-years 634,190 633,010 633,056 634,144

Model 1 1.00 (reference) 0.68 (0.64–0.73) 1.00 (reference) 0.62 (0.59–0.67)

Model 2 1.00 (reference) 0.83 (0.78–0.88) 1.00 (reference) 0.79 (0.75–0.85)

Death from cardiovascular disease

Events, N 265 176 269 172

Person-years 634,190 633,010 633,056 634,144

Model 1 1.00 (reference) 0.67 (0.55–0.81) 1.00 (reference) 0.64 (0.53–0.77)

Model 2 1.00 (reference) 0.82 (0.68–0.99) 1.00 (reference) 0.83 (0.68–1.00)

Death from cancer

Events, N 467 336 477 326

Person-years 634,190 633,010 633,056 634,144

Model 1 1.00 (reference) 0.72 (0.63–0.83) 1.00 (reference) 0.68 (0.59–0.79)

Model 2 1.00 (reference) 0.87 (0.76–0.99) 1.00 (reference) 0.86 (0.75–0.99)

Death from other causes

Events, N 1650 1114 1720 1044

Person-years 634,190 633,010 633,056 634,144

Model 1 1.00 (reference) 0.68 (0.63–0.73) 1.00 (reference) 0.61 (0.56–0.65)

Model 2 1.00 (reference) 0.81 (0.76–0.88) 1.00 (reference) 0.77 (0.71–0.83)

Propensity score-matched cohort

Number of participants 301,990 301,990 292,816 292,816

All-cause mortality

Events, N 2005 1619 2015 1523

Person-years 601,533 601,961 583,200 583,708

Model 1 1.00 (reference) 0.81 (0.76–0.86) 1.00 (reference) 0.76 (0.71–0.81)

Model 2 1.00 (reference) 0.84 (0.78–0.89) 1.00 (reference) 0.80 (0.75–0.86)

Death from cardiovascular disease

Events, N 223 176 212 172

Person-years 601,533 601,961 583,200 583,708

Model 1 1.00 (reference) 0.79 (0.65–0.96) 1.00 (reference) 0.81 (0.66–0.99)

Model 2 1.00 (reference) 0.82 (0.67–0.99) 1.00 (reference) 0.86 (0.70–1.05)

Death from cancer

Events, N 406 334 385 322

Person-years 601,533 601,961 583,200 583,708

Model 1 1.00 (reference) 0.82 (0.71–0.95) 1.00 (reference) 0.84 (0.72–0.97)

Model 2 1.00 (reference) 0.85 (0.73–0.98) 1.00 (reference) 0.87 (0.75–1.01)

Death from other causes

Events, N 1376 1109 1418 1029

Person-years 601,533 601,961 583,200 583,708

Model 1 1.00 (reference) 0.81 (0.74–0.87) 1.00 (reference) 0.73 (0.67–0.79)
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risk using a study population that included previously di-
agnosed CVD or cancer patients. Participants residing in
the upper halves of community level social trust (aHR
0.89, 95% CI 0.86–0.93) or reciprocity (aHR 0.87, 95%
CI 0.83–0.91) had lower risk for all-cause mortality com-
pared to those residing in the lower halves. Upon multi-
level analysis, high levels of social trust and reciprocity
were associated with lower odds for all-cause mortality
at both the individual and community levels (Supple-
mental Table 3).

Discussion
In this population-based longitudinal study of more than
580,000 participants, higher social trust and reciprocity
at the district level were associated with lower CVD-
related, cancer-related, and all-cause mortality. More-
over, the protective association of community level social
trust and reciprocity remained even after taking into ac-
count differences in lifestyle behaviors. To our know-
ledge, this is the first study to demonstrate that higher
district level trust and reciprocity were associated with
lower individual mortality risk using a merged nationally
representative individual level cohort data with district
level representative social capital data in a highly-
developed Asian context.
Previous studies have investigated the association of

social trust and reciprocity with mortality, with incon-
sistent results. In 1997 and 2003, cross-sectional eco-
logical studies reported that that higher neighborhood
indicators of trust and reciprocity were associated with
lower risk for all-cause and CVD-related mortality [6, 7].
By contrast, another cross-sectional study using panel
data from 19 countries from the Organization for Eco-
nomic Co-operation and Development showed that so-
cial trust was not associated with mortality risk [8].
More recently, a 2015 Finnish study consisting of 6377
participants showed that low levels of individual trust
was not associated with higher risk for all-cause mortal-
ity for men (aHR 0.77, 95% CI 0.57–1.04) or women
(aHR 0.88, 95% CI 0.59–1.31) [4]. Although the point es-
timates in the Finnish study suggested a protective asso-
ciation, the confidence intervals were wide and included
the null value, likely due to the limitations of sample
size. A longitudinal cohort Japanese study in 2011 con-
sisting of 14,668 participants showed that higher

individual-level trust and reciprocity were not associated
with lower mortality risk [10].
In 2014, a longitudinal study from Denmark deter-

mined that trust (aHR 0.83, 95% CI 0.75–0.91), but not
reciprocity (aHR 0.91, 95% CI 0.72–1.16), was associated
with lower mortality risk among women. Another study
in 2012 from Finland showed that low trust was associ-
ated with higher risk for mortality among men (aHR
1.77, 95% CI 1.11–2.83) [11]. Finally in 2019, a longitu-
dinal cohort study consisting of 25,270 participants
using the United States General Social Survey data dem-
onstrated that contextual-level trust was associated with
lower risk for all-cause mortality (aHR 0.96, 95% CI
0.93–0.98) [12]. The results from our study using na-
tionally representative longitudinal cohort with commu-
nity representative data add further to those of recent
longitudinal cohort studies that found an inverse associ-
ation between social capital and mortality in Western
countries.
A number of mechanisms have been proposed to ex-

plain the significant association between social capital
and mortality. First, low levels of trust and reciprocity
may be markers or consequences of heightened social
stress and anxiety [23, 24]. In turn, high levels of social
stress and anxiety may stimulate the hypothalamic-
pituitary-adrenal axis, resulting in elevated blood cor-
tisol levels [12]. Ultimately, chronic exposure to high
cortisol levels could lead to higher risk for CVD [25,
26], cancer [27], and mortality [28]. For example, it
has been shown that high blood cortisol levels are as-
sociated with higher risk for atherosclerosis [29] or
coronary artery calcification [30], both of which could
lead to subsequent CVD development. Second, higher
social trust and reciprocity may be associated with
enhanced access to local services and amenities.
Neighborhoods with higher social capital and collect-
ive efficacy are more likely to have enhanced access
to services such as transportation and community
health clinics [31]. Third, high social trust and reci-
procity may be related to better diffusion of health-
related information within the community, resulting
in a general increase in health promotion [32]. Fi-
nally, communities with higher trust and reciprocity
may reduce unhealthy lifestyle behaviors by facilitat-
ing the promotion of health awareness [33].

Table 2 Hazard ratios for mortality according to community level social trust or reciprocity (Continued)

Community Level Social Trust Community Level Social Reciprocity

Lower half Upper half Lower half Upper half

Model 2 1.00 (reference) 0.83 (0.77–0.90) 1.00 (reference) 0.78 (0.72–0.84)

Model 1: unadjusted hazard ratios and 95% confidence intervals calculated by Cox proportional hazards regression
Model 2: adjusted hazard ratios and 95% confidence intervals calculated by Cox proportional hazards regression after adjustments for age, sex, household income,
and Charlson comorbidity index
Acronyms: aHR adjusted hazard ratio, CI confidence interval
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Table 3 Sensitivity analysis on the association of community social trust or reciprocity among community level social capital quartile
groups

Adjusted hazard ratio (95% confidence interval)

1st quartile vs 2nd quartile 1st quartile vs 3rd quartile 1st quartile vs 4th quartile

1st quartile 2nd quartile 1st quartile 3rd quartile 1st quartile 4th quartile

Full cohort

Model 1

Community Level Social Trust, N 158,946 158,584 158,946 157,956 158,946 160,569

All-cause mortality 1.00 (reference) 1.09 (0.99–1.20) 1.00 (reference) 0.96 (0.88–1.06) 1.00 (reference) 0.57 (0.52–0.62)

Death from CVD 1.00 (reference) 0.79 (9.59–1.07) 1.00 (reference) 0.86 (0.64–1.17) 1.00 (reference) 0.45 (0.34–0.59)

Death from cancer 1.00 (reference) 1.09 (0.88–1.34) 1.00 (reference) 1.16 (0.93–1.44) 1.00 (reference) 0.56 (0.46–0.67)

Death from other causes 1.00 (reference) 1.15 (1.02–1.29) 1.00 (reference) 0.93 (0.83–1.04) 1.00 (reference) 0.59 (0.54–0.66)

Community Level Social Reciprocity, N 159,051 159,010 159,051 158,802 159,051 159,192

All-cause mortality 1.00 (reference) 0.95 (0.86–1.05) 1.00 (reference) 0.82 (0.74–0.90) 1.00 (reference) 0.48 (0.44–0.53)

Death from CVD 1.00 (reference) 0.81 (0.60–1.09) 1.00 (reference) 0.73 (0.54–0.97) 1.00 (reference) 0.47 (0.36–0.62)

Death from cancer 1.00 (reference) 0.99 (0.80–1.23) 1.00 (reference) 1.02 (0.82–1.27) 1.00 (reference) 0.51 (0.42–0.61)

Death from other causes 1.00 (reference) 0.96 (0.85–1.09) 1.00 (reference) 0.78 (0.70–0.88) 1.00 (reference) 0.48 (0.43–0.53)

Model 2

Community Level Social Trust, N 158,946 158,584 158,946 157,956 158,946 160,569

All-cause mortality 1.00 (reference) 1.10 (0.99–1.21) 1.00 (reference) 0.98 (0.89–1.07) 1.00 (reference) 0.80 (0.73–0.87)

Death from CVD 1.00 (reference) 0.81 (0.60–1.09) 1.00 (reference) 0.88 (0.65–1.20) 1.00 (reference) 0.65 (0.50–0.85)

Death from cancer 1.00 (reference) 1.09 (0.88–1.35) 1.00 (reference) 1.18 (0.95–1.47) 1.00 (reference) 0.78 (0.65–0.94)

Death from other causes 1.00 (reference) 1.16 (1.03–1.30) 1.00 (reference) 0.94 (0.84–1.06) 1.00 (reference) 0.83 (0.75–0.92)

Community Level Social Reciprocity, N 159,051 159,010 159,051 158,802 159,051 159,192

All-cause mortality 1.00 (reference) 0.99 (0.90–1.10) 1.00 (reference) 0.90 (0.82–0.99) 1.00 (reference) 0.73 (0.67–0.80)

Death from CVD 1.00 (reference) 0.85 (0.63–1.15) 1.00 (reference) 0.80 (0.60–1.07) 1.00 (reference) 0.73 (0.56–0.96)

Death from cancer 1.00 (reference) 1.04 (0.83–1.29) 1.00 (reference) 1.11 (0.89–1.39) 1.00 (reference) 0.75 (0.62–0.91)

Death from other causes 1.00 (reference) 1.01 (0.89–1.14) 1.00 (reference) 0.87 (0.77–0.97) 1.00 (reference) 0.72 (0.65–0.80)

Propensity score-matched cohort

Model 1

Community Level Social Trust, N 153,330 153,330 154,533 154,533 144,351 144,351

All-cause mortality 1.00 (reference) 1.09 (0.98–1.20) 1.00 (reference) 0.99 (0.90–1.09) 1.00 (reference) 0.78 (0.71–0.85)

Death from CVD 1.00 (reference) 0.81 (0.60–1.09) 1.00 (reference) 0.87 (0.64–1.17) 1.00 (reference) 0.65 (0.49–0.86)

Death from cancer 1.00 (reference) 1.05 (0.84–1.30) 1.00 (reference) 1.18 (0.95–1.47) 1.00 (reference) 0.70 (0.58–0.85)

Death from other causes 1.00 (reference) 1.15 (1.02–1.30) 1.00 (reference) 0.96 (0.86–1.08) 1.00 (reference) 0.82 (0.74–0.92)

Community Level Social Reciprocity, N 155,830 155,830 152,233 152,233 137,774 137,774

All-cause mortality 1.00 (reference) 0.98 (0.88–1.08) 1.00 (reference) 0.90 (0.82–0.99) 1.00 (reference) 0.67 (0.61–0.73)

Death from CVD 1.00 (reference) 0.81 (0.60–1.09) 1.00 (reference) 0.86 (0.63–1.16) 1.00 (reference) 0.69 (0.51–0.93)

Death from cancer 1.00 (reference) 1.03 (0.82–1.28) 1.00 (reference) 1.15 (0.92–1.44) 1.00 (reference) 0.72 (0.59–0.89)

Death from other causes 1.00 (reference) 0.99 (0.88–1.12) 1.00 (reference) 0.85 (0.76–0.96) 1.00 (reference) 0.65 (0.58–0.73)

Model 2

Community Level Social Trust, N 153,330 153,330 154,533 154,533 144,351 144,351

All-cause mortality 1.00 (reference) 1.10 (0.99–1.21) 1.00 (reference) 0.97 (0.88–1.07) 1.00 (reference) 0.83 (0.76–0.91)

Death from CVD 1.00 (reference) 0.81 (0.60–1.10) 1.00 (reference) 0.85 (0.63–1.15) 1.00 (reference) 0.69 (0.52–0.92)

Death from cancer 1.00 (reference) 1.07 (0.86–1.33) 1.00 (reference) 1.15 (0.92–1.43) 1.00 (reference) 0.74 (0.61–0.90)

Death from other causes 1.00 (reference) 1.16 (1.03–1.31) 1.00 (reference) 0.94 (0.84–1.06) 1.00 (reference) 0.88 (0.79–0.98)
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In an attempt to consider the possible mediating ef-
fects of lifestyle behaviors on the association between so-
cial capital and mortality, we determined the impact of
adjusting out differences in lifestyle behavior factors,
such as smoking, alcohol intake, and physical activity.
Among them, physical activity had the greatest effect on
attenuating the association between social trust and reci-
procity (both 3% risk increase upon adjustment) with
all-cause mortality. Nonetheless, the protective associ-
ation of high social capital and mortality remained even
after adjusting for all lifestyle behaviors. We also con-
ducted stratified analysis on the relationship of commu-
nity level social trust and reciprocity with all-cause
mortality according to subgroups of lifestyle behaviors.
While certain subgroups had reduced statistical power
due to the smaller number of participants, there was an
overall persistence on the same patterns on all-cause
mortality risk. Taken together, our results indicate that
while lifestyle behaviors may in part explain the relation-
ship between social capital and mortality, other mecha-
nisms such as higher psychosocial stress may also
contribute to this significant association.
Several limitations must be considered upon interpret-

ation of our results. First, since social capital was mea-
sured at one point in time, possible changes in trust or
reciprocity levels over time were not considered. How-
ever, a recent study demonstrated that even though gen-
eralized trust can change with time, such values tend to
revert back to the initial trust levels [34]. Nonetheless,
future studies that determine social capital values at
multiple points in time are needed to further validate
the findings from our study. Second, due to the limita-
tion of our data, we could only follow-up participants
for up to 2 years. Since such a short follow-up duration
may not suffice to capture the full effects of social capital
on mortality, and accordingly future studies with longer

follow-up durations would be beneficial. This is further
shown indirectly by the fact that the results using a lo-
gistic regression model (Supplemental Table 3) revealed
similar results to that of the Cox regression model.
Third, there was a lack of consideration area-level char-
acteristics such as urbanization levels or neighborhood
deprivation, which could be associated with differences
in social capital and health outcomes. Although we
attempted to minimize the possible confounding effects
of sociodemographic factors by matching participants
with propensity score for age, sex, household income,
area of residence and comorbidity as well as conducting
multilevel analysis, future studies with multilevel designs
with area level information such as deprivation and
coarsened exact matching studies that validate our find-
ings are nevertheless needed. Fourth, we could not take
into account education, which may be an important con-
founder in the association of social capital with mortal-
ity, due to the lack of information. Future studies that
take into consideration education are needed to validate
our findings.
Despite these limitations, a number of strengths also

exist. Since only a minor proportion of participants were
excluded due to missing trust and reciprocity values, our
study may have been less prone to selection bias, a com-
mon limitation in most previous studies. This is particu-
larly important as it has been demonstrated that lower
response rate was associated with both lower social cap-
ital and poor health [35]. Furthermore, previous studies
have been limited due to the cross-sectional or eco-
logical nature of the study design [6, 8]. In contrast, we
used a longitudinal design. Moreover, we used a
nationally-representative cohort data, which contains
individual-level information on sociodemographic fac-
tors and mortality with district-level representative social
capital values, thus enhancing the generalizability of our

Table 3 Sensitivity analysis on the association of community social trust or reciprocity among community level social capital quartile
groups (Continued)

Adjusted hazard ratio (95% confidence interval)

1st quartile vs 2nd quartile 1st quartile vs 3rd quartile 1st quartile vs 4th quartile

1st quartile 2nd quartile 1st quartile 3rd quartile 1st quartile 4th quartile

Community Level Social Reciprocity, N 155,830 155,830 152,233 152,233 137,774 137,774

All-cause mortality 1.00 (reference) 1.00 (0.90–1.11) 1.00 (reference) 0.91 (0.82–0.99) 1.00 (reference) 0.74 (0.68–0.82)

Death from CVD 1.00 (reference) 0.83 (0.62–1.13) 1.00 (reference) 0.85 (0.63–1.16) 1.00 (reference) 0.76 (0.56–1.02)

Death from cancer 1.00 (reference) 1.05 (0.84–1.30) 1.00 (reference) 1.13 (0.90–1.42) 1.00 (reference) 0.81 (0.66–0.99)

Death from other causes 1.00 (reference) 1.01 (0.90–1.15) 1.00 (reference) 0.86 (0.76–0.97) 1.00 (reference) 0.72 (0.64–0.81)

Social capital index range for community level social trust are 37.1–56.7% for 1st quartile, 56.8–61.9% for 2nd quartile, 62.0–70.3% for 3rd quartile, and 70.5–99.8%
for 4th quartile
Social capital index range for community level social reciprocity are 14.6–29.9% for 1st quartile, 29.9–36.3% for 2nd quartile, 36.6–47.8% for 3rd quartile, and 49.0–
96.6% for 4th quartile
Model 1: unadjusted hazard ratios and 95% confidence intervals calculated by Cox proportional hazards regression
Model 2: adjusted hazard ratios and 95% confidence intervals calculated by Cox proportional hazards regression after adjustments for age, sex, household income,
and Charlson comorbidity index
Acronyms: aHR adjusted hazard ratio, CI confidence interval
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Table 4 Sensitivity and stratified analyses on the association of community level social trust or reciprocity with all-cause mortality
taking into consideration smoking, alcohol intake, and physical activity

Adjusted hazard ratio (95% confidence interval)

Community Level Social Trust Community Level Social Reciprocity

Lower half Upper half Lower half Upper half

Full cohort

Number of participants 148,829 140,672 148,556 140,945

Sensitivity analysis

Fully adjusted 1.00 (reference) 0.76 (0.68–0.86) 1.00 (reference) 0.73 (0.65–0.83)

+ smoking 1.00 (reference) 0.77 (0.68–0.87) 1.00 (reference) 0.74 (0.65–0.84)

+ alcohol intake 1.00 (reference) 0.77 (0.68–0.87) 1.00 (reference) 0.74 (0.65–0.83)

+ physical activity 1.00 (reference) 0.79 (0.70–0.89) 1.00 (reference) 0.77 (0.68–0.87)

+ all lifestyle behaviors 1.00 (reference) 0.79 (0.70–0.90) 1.00 (reference) 0.77 (0.68–0.88)

Stratified analysis

Smoking

Never smokers 1.00 (reference) 0.90 (0.76–1.07) 1.00 (reference) 0.80 (0.67–0.95)

Past and current smokers 1.00 (reference) 0.63 (0.52–0.75) 1.00 (reference) 0.67 (0.56–0.80)

Alcohol intake

No 1.00 (reference) 0.79 (0.67–0.93) 1.00 (reference) 0.71 (0.60–0.85)

Yes 1.00 (reference) 0.74 (0.61–0.89) 1.00 (reference) 0.77 (0.64–0.93)

Physical activity

No 1.00 (reference) 0.76 (0.65–0.89) 1.00 (reference) 0.72 (0.61–0.85)

Yes 1.00 (reference) 0.86 (0.70–1.05) 1.00 (reference) 0.88 (0.72–1.08)

Propensity score-matched cohort

Number of participants 137,694 139,426 131,809 136,175

Sensitivity analysis

Fully adjusted 1.00 (reference) 0.76 (0.67–0.87) 1.00 (reference) 0.75 (0.66–0.85)

+ smoking 1.00 (reference) 0.77 (0.67–0.87) 1.00 (reference) 0.75 (0.66–0.86)

+ alcohol intake 1.00 (reference) 0.76 (0.67–0.87) 1.00 (reference) 0.75 (0.66–0.85)

+ physical activity 1.00 (reference) 0.79 (0.69–0.89) 1.00 (reference) 0.78 (0.69–0.89)

+ all lifestyle behaviors 1.00 (reference) 0.79 (0.69–0.90) 1.00 (reference) 0.79 (0.69–0.90)

Stratified analysis

Smoking

Never smokers 1.00 (reference) 0.90 (0.75–1.07) 1.00 (reference) 0.79 (0.66–0.94)

Past and current smokers 1.00 (reference) 0.63 (0.53–0.87) 1.00 (reference) 0.70 (0.58–0.85)

Alcohol intake

No 1.00 (reference) 0.78 (0.66–0.93) 1.00 (reference) 0.73 (0.61–0.87)

Yes 1.00 (reference) 0.74 (0.61–0.90) 1.00 (reference) 0.78 (0.64–0.95)

Physical activity

No 1.00 (reference) 0.77 (0.66–0.91) 1.00 (reference) 0.71 (0.60–0.84)

Yes 1.00 (reference) 0.83 (0.67–1.02) 1.00 (reference) 0.95 (0.77–1.18)

Sensitivity and stratified analysis conducted for those who underwent health screening examinations during 2010–2011
Fully adjusted model includes adjustments for age, sex, household income, and Charlson comorbidity index
All lifestyle behaviors include smoking, alcohol intake, and physical activity
Adjusted hazard ratios calculated by Cox proportional hazards regression after adjustments for age, sex, household income, and Charlson comorbidity index
Acronyms: aHR adjusted hazard ratio, CI confidence interval
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results. The study population consisted of more than
580,000 participants, which is a larger sample size com-
pared to previous studies, the largest of which included
25,270 participants [12]. Finally, we were able to add life-
style behaviors in the model using a sub-sample to ex-
plore whether there is any other undisclosed pathway
possibility beyond lifestyle behaviors as well as expected
attenuation through mediating function.

Conclusions
In conclusion, higher community level social trust and
reciprocity were associated reduced risk for CVD-
related, cancer-related, and all-cause mortality. This as-
sociation remained even after taking into consideration
lifestyle behaviors. Public health policies that are aimed
at improving community level social capital may be
beneficial in improving population health.
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