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Objectives: This study investigated the effect of cognitive impairment on the association between social network properties and
mortality among older Korean adults.

Methods: This study used data from the Korean Social Life, Health, and Aging Project. It obtained 814 older adults’ complete network
maps across an entire village in 2011-2012. Participants’ deaths until December 31, 2020 were confirmed by cause-of-death statistics.
A Cox proportional hazards model was used to assess the risks of poor social network properties (low degree centrality, perceived
loneliness, social non-participation, group-level segregation, and lack of support) on mortality according to cognitive impairment.
Results: In total, 675 participants (5510.4 person-years) were analyzed, excluding those with missing data and those whose deaths
could not be verified. Along with cognitive impairment, all social network properties except loneliness were independently associated
with mortality. When stratified by cognitive function, some variables indicating poor social relations had higher risks among older
adults with cognitive impairment, with adjusted hazard ratios (HRs) of 2.12 (95% confidence interval [Cl], 1.34 to 3.35) for social non-
participation, 1.58 (95% Cl, 0.94 to 2.65) for group-level segregation, and 3.44 (95% Cl, 1.55 to 7.60) for lack of support. On the con-
trary, these effects were not observed among those with normal cognition, with adjusted HRs of 0.73 (95% Cl, 0.31 to 1.71), 0.96 (95%
Cl,0.42t0 2.21), and 0.95 (95% Cl, 0.23 to 3.96), respectively.

Conclusions: The effect of social network properties was more critical among the elderly with cognitive impairment. Older adults with
poor cognitive function are particularly encouraged to participate in social activities to reduce the risk of mortality.
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An extensive body of literature indicates that the quantity
and quality of social networks have decreased in recent years
[1]. Prevalent loneliness and social isolation in industrialized

Department of Sociology, Yonsei University Graduate School, societies have caused public health problems [2]. For instance,
50 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea the cumulative effect of loneliness has been found to be asso-
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have illustrated the impact of social relationships on mortality.
Despite various definitions of social network properties and
study populations, a poor social network has been consistent-
ly observed to be a strong predictor of mortality [4]. A meta-
analysis including 148 studies demonstrated a 50% higher
likelihood of mortality among those without sufficient social
relations compared to those with sufficient social relations [5].
These effects of social network properties on mortality are
comparable to the well-known risk factors of premature death,
such as smoking, obesity, and physical inactivity [5].

Poor cognitive function has also shown associations with an
increased risk of mortality in several studies [6]. Cognitive im-
pairment, as measured by the Mini-Mental State Examination
(MMSE) score, increases the risk of all-cause and cardiovascu-
lar disease mortality [6,7]. Cognitive impairment does not nec-
essarily refer to only dementia, and encompasses mild cogni-
tive decline. Literature on older adults with cognitive impair-
ment, but without dementia, has repeatedly reported higher
risks of progressing to dementia and premature death [8].

Although the associations of mortality with specific social
aspects or cognitive function have been considerably studied,
their combined effect remains unclear. Thus, this study aimed
to investigate the effect of cognitive impairment on the asso-
ciation between social network properties and mortality
among older Korean adults in a rural community.

METHODS

Study Participants

This study was conducted using data from the Korean So-
cial Life, Health and Aging Project (KSHAP) study, which exam-
ined the entire population aged 60 or older in Village K, a typi-
cal rural community in Ganghwa, Korea, and collected com-
plete social network maps for the elderly inhabitants of the
village [9,10]. Among the target population (860 residents),
814 older adults and their spouses participated in the baseline
survey from December 2011 to March 2012 (a response rate
of 94.65%). Among them, 697 participants enrolled with per-
sonal identification numbers that make it possible to link to
cause-of-death statistics. Those with missing data for social
network properties, age, sex, education level, smoking, drink-
ing, or comorbidities were excluded. In total, 675 respondents
(5510.4 person-years) were analyzed in this study (Supple-
mental Material 1).
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Measures
Social network properties

Using the complete network maps of the whole village, de-
gree centrality was calculated as the number of social relations
that a respondent had. Our analyses employed all-degree cen-
trality, which includes both in-degree and out-degree centrali-
ty (i.e., the number of people who identify a participant as a
network member and vice versa, respectively) [9]. We catego-
rized participants as having higher or lower centrality com-
pared to the median value of 4.0. Perceived loneliness was de-
fined as feeling lonely for more than 1 day or 2 days over the
past week based on the Center for Epidemiologic Studies De-
pression Scale questionnaires. Social non-participation was de-
fined as not participating in any of the following 7 social activi-
ties: senior citizens' associations, volunteering, religious activi-
ties, meetings for friendship, hobbies, local associations, or se-
nior job placement projects. The complete social network also
made it possible to identify groups (components) where each
respondent was connected within and separated by other
groups. There were two types of components: strong and
weak components. In strong components, every person was
reachable by others following the directions of the discussion
network, but not necessarily following the directions in weak
components [11]. The KSHAP study identified 537 strong and
85 weak components [9]. As Village K is a typical rural commu-
nity where relations between residents are relatively close and
strong, weak components were used for our analyses to un-
derstand the effect of social dynamics. Among the weak com-
ponents, ranging from 1 person to 757 persons, group-level
segregation referred to belonging to a social group with a rela-
tively limited range (66 persons or less in a component). Lack
of support was defined as participants responding that they
could not rely on any of their spouses, family members, rela-
tives, friends, or neighbors when having a problem.

Cognitive impairment

The Korean version of the Mini-Mental State Examination for
Dementia Screening (K-MMSE) was used for the evaluation of
cognitive function in the KSHAP study [10]. The K-MMSE has
been established as a reliable and valid tool for screening cog-
nitive impairment or dementia in a community setting [12].
The score ranges from 0 to 30. Based on previous studies, we
categorized those with a score of 23 or less as having cognitive
impairment and those with a score of 24 or more as having
normal cognition [13-15].
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Mortality

Among participants, deaths until December 31, 2020 were
confirmed using cause-of-death statistics. The observed peri-
od was from the first survey date to the death date on the ba-
sis of death certificates for event cases or to the last day of
observation (December 31, 2020) for censored cases in this
study.

Covariates

Socio-demographic characteristics included age, sex, and
educational attainment. The educational attainment level was
categorized as no formal education, middle school or less, and
high school or above. The health-related covariates included
smoking status, alcohol use, and comorbidities. Among the
diseases studied in the KSHAP study, hypertension, diabetes,
cancer, stroke, and coronary heart disease were considered in
our analyses, as the previous literature demonstrated that they
increase mortality in the older population [16,17].

Statistical Analysis

Along with the total study population, socio-demographic
characteristics and social network properties were compared
between those with normal cognition and with cognitive im-
pairment using the t-test and chi-square test. Using a Cox pro-
portional hazards model, the associations of low degree cen-
trality, perceived loneliness, social non-participation, group-
level segregation, and lack of support with the risk of all-cause
death were evaluated. Kaplan-Meier curves were plotted ac-
cording to social network properties and cognitive function.
The proportional hazards assumption was also assessed for
each variable using weighted Schoenfeld residuals. Unadjust-
ed and adjusted hazard ratios (HRs) were presented with 95%
confidence intervals (Cls). The multivariate model was adjust-
ed for age, sex, educational attainment, smoking, drinking,
and comorbidity. Identical analyses were repeated after strati-
fying by cognitive function. All analyses were carried out using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Ethics Statement

The KSHAP study was conducted with approval from the In-
stitutional Review Board of Yonsei University (YUIRB-2011-
012-01) in 2011.The current study was approved by the Yonsei
University Health System, Severance Hospital (4-2021-1401) in
2021.

Social Network Properties and Mortality

RESULTS

The socio-demographic characteristics and social network
properties of the study population stratified by cognitive func-

Normal Cognitive
Characteristics (nT:gIQ cognition impairment p-value
(n=417)  (n=258)
Socio-demographic characteristics
Age, mean+£SD (y) 711177 684+£66 753+75 <0.001
Sex <0.001
Male 293(43.4) 209(50.1)  84(32.6)
Female 382(56.6) 208(49.9) 174 (67.4)
Education <0.001
None 186(27.6)  54(13.0) 132(51.2)
Middle school or less 393 (58.2) 276 (66.1) 117 (45.4)
High school orabove 96 (14.2)  87(20.9) 9(3.5)
Smoking 0.073
No 587(87.0) 355(85.1)  232(89.9)
Yes 88(13.0) 62(149)  26(10.1)
Drinking 0.061
No 517(76.6)  309(74.1) 208 (80.6)
Yes 158(23.4) 108(25.9) 50(19.4)
Comorbidities
Hypertension 332(49.2) 195(46.8) 137 (53.1) 0.110
Diabetes 119(17.6)  77(185)  42(16.3) 0.469
Cancer 27 (4.0) 20(4.8) 7(2.7) 0.180
Stroke 28(4.2) 13(3.1) 15(5.8) 0.088
Coronary heart 50(7.4) 30(7.2) 20(7.8) 0.788
disease
Social network properties
Degree centrality 0.016
High (=4) 377(55.9) 248(59.5) 129(50.0)
Low (<4) 298(44.2) 169 (40.5) 129 (50.0)
Perceived loneliness 0.001
No 420(62.2) 279(66.9) 141(54.7)
Yes 255(37.8) 138(33.1) 117 (45.4)
Social non-participation <0.001
No 537(79.6) 356 (85.4) 181(70.2)
Yes 138(20.4)  61(146)  77(29.8)
Group-level segregation 0.269
No 568 (84.2) 356(85.4) 212(82.2)
Yes 107 (15.9)  61(146)  46(17.8)
Lack of support 0.468
No 641(95.0) 398(95.4) 243(94.2)
Yes 34(5.0) 19 (4.6) 15(5.8)

Values are presented as number (%).
SD, standard deviation.
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Figure 1. Kaplan-Meier plot of survival probability with risk tables according to social network properties and cognitive function.
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tion are described in Table 1. The group with cognitive impair-
ment had a higher proportion of older, female, and less-edu-
cated participants. They were also likely to show poor charac-
teristics for all social network properties studied, although the
prevalence of group-level segregation and lack of support was
not statistically significantly different compared to those with
normal cognition. The distributions of K-MMSE scores are also
presented in Supplemental Material 2. The mean values of the
scores were 23.94 among all participants, 26.79 among those
with normal cognition, and 19.34 among those with cognitive
impairment.

In Figure 1, the Kaplan-Meier curves and risk tables were
plotted according to each characteristic of social networks and
cognitive function. Older adults with low degree centrality,
loneliness, social non-participation, group-level segregation,
and cognitive impairment had a lower survival rate than each
corresponding group. Additively, independence between the
Schoenfeld residuals for each variable and time was diagnosed,
and the proportional hazards assumption was confirmed (Sup-
plemental Material 3).

Table 2 shows the results of the unadjusted and adjusted
Cox proportional hazards regression between social network

Social Network Properties and Mortality

properties or cognitive function and mortality. After adjusting
for covariates, participants with cognitive impairment had a
higher risk of mortality (adjusted hazard ratio [aHR], 1.71; 95%
Cl, 1.15 to 2.54) than those with normal cognition. In terms of
social network properties, participants with all types of insuffi-
cient networks except perceived loneliness (aHR, 1.04; 95% Cl,
0.74 to 1.47) showed significantly higher aHRs than their coun-
terparts, although only the associations for social non-partici-
pation and lack of support were statistically significant (aHR,
1.64; 95% Cl, 1.12 to 2.39 for social non-participation and aHR,
2.13;95% Cl, 1.10 to 4.13 for lack of support).

Figure 2 depicts different effects of social network proper-
ties on mortality according to cognitive function. Low degree
centrality and perceived loneliness had similar HRs for mortal-
ity regardless of cognitive function. However, social non-par-
ticipation significantly increased the risk of mortality among
the elderly with cognitive impairment (aHR, 2.12; 95% Cl, 1.34
to 3.35), whereas the effect of social non-participation was not
observed among those with normal cognition. Likewise,
group-level segregation among those with cognitive impair-
ment showed an aHR of 1.58 (95% Cl, 0.94 to 2.65) and lack of
support had an aHR of 3.44 (95% Cl, 1.55 to 7.60). In an addi-

Variables No. of deaths PY
Low degree centrality

No 70 31216

Yes 71 2388.8
Perceived loneliness

No 77 3488.9

Yes 64 20215
Social non-participation

No 98 4460.8

Yes 43 1049.6
Group-level segregation

No 115 4650.9

Yes 26 859.5
Lack of support

No 131 52415

Yes 10 2689
Cognitive impairment

No 54 3525.2

Yes 87 1985.2

PY, person-years; HR, hazard ratio; Cl, confidence interval.

(per 1000 PY) Unadjusted Adjusted'
22.4 1.00 (reference) 1.00 (reference)
29.7 1.33(0.96, 1.85) 1.35(0.95, 1.91)
22.1 1.00 (reference) 1.00 (reference)
31.7 1.44(1.04,2.01) 1.04(0.74, 1.47)
22.0 1.00 (reference) 1.00 (reference)
4.0 1.88(1.31, 2.69) 1.64(1.12,2.39)
247 1.00 (reference) 1.00 (reference)
30.3 1.23(0.81, 1.89) 1.37(0.89, 2.10)
25.0 1.00 (reference) 1.00 (reference)
37.2 1.49(0.78, 2.84) 2.13(1.10, 4.13)
15.3 1.00 (reference) 1.00 (reference)
438 2.91(2.07,4.08) 1.71(1.15, 2.54)

'Adjusted for age, sex, educational attainment, smoking, drinking, and comorbidities.
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Figure 2. Mortality risks of insufficient social network properties stratified by cognitive function among a total of 675 partici-
pants. PY, person years; HR, hazard ratio; Cl, confidence interval. 'The number of cases with poor social characteristics and the
percentage of cases in each subgroup are presented. ?Adjusted for age, sex, educational attainment, smoking, drinking, and co-

morbidity.

tional analysis of the interaction between social network prop-
erties and cognitive function on mortality, only social non-
participation showed statistical significance (Supplemental
Material 4).

DISCUSSION

This study investigated the effect of cognitive impairment on
the association between social network properties and mor-
tality using data from the KSHAP study from 2011 to 2020.
Overall, our result is consistent with previous studies showing
that individuals with weak social networks had a lower likeli-
hood of survival than those with sufficient networks [5]. Addi-
tionally, older adults with cognitive impairment showed a
higher prevalence of having fewer social ties, feeling lonely,
and not participating in any activities. Furthermore, these so-
cial network properties had a greater influence on mortality
among older persons with cognitive impairment, compared to
those with normal cognition.

Our study classified the magnitude of social relations using
the median value of 4.0 in degree centrality, and showed in-

36

creased mortality in people with low centrality than in people
with high centrality. Several studies have reported that social
network size is strongly associated with mortality, although it
is unclear which number of social connections is most influen-
tial [18]. One study in the United States showed that social in-
teractions with 0-1 friend had an HR of 1.32 for mortality com-
pared to those with 6-7 friends [18]. However, another study
implied different effects between strong and weak ties on
mortality; the risk of premature death was not necessarily in-
creased with a small number of strong ties, but did show such
a relationship with a small number of weak ties [19]. To inves-
tigate the optimal size of a social network, further research is
required with consideration of the characteristics of social net-
works besides the number of connections.

Social non-participation significantly increased the risk of
premature death in our study (aHR, 1.64; 95% Cl, 1.12 to 2.39).
Considering that the KSHAP study examined relatively healthy
participants at baseline in a community-based setting and ad-
justed for other covariates, social non-participation per se, at
least, partly accounts for a loss of physical health. A study in
Japan, which is challenged by an aging society, showed that



Journal of
Preventive Medicine
Public Health

social participation increased the probability of survival in old-
er people [20]. Social activities—in particular, those relating to
personal development, such as educational and physical ac-
tivities, and short-term employment—resulted in lower haz-
ards of death [20]. Participating in social activities may lead to
the attainment of health information and access to health care
services as well as its psychosocial benefits [21,22].

Lack of support was the strongest predictor of premature
death in this study. The unadjusted HR was 1.49 (95% Cl, 0.78
to 2.84), and the fully aHR was 2.13 (95% Cl, 1.10 to 4.13). When
independently controlling for each covariate, the increased
strength of the association was mainly due to adjustment for
age (Supplemental Material 5). Age seemed to weaken the as-
sociation between lack of support and mortality in our study,
where the participants with support tend to be older than
those without (Supplemental Material 6). Older age increases
mortality, but it is not known whether older age is associated
with a higher likelihood of lack of support. Further studies
need to reaffirm the association between age and lack of sup-
port with a larger sample. The protective effect of having sup-
port has been illustrated in previous research. Being embed-
ded in a social network has a protective effect by giving indi-
viduals meaningful roles, generating self-esteem, and provid-
ing a sense of purpose in life [23]. Moreover, when stratified,
the absence of timely help from a partner, family, and friends
was more critical among the elderly who experienced a physi-
cal and cognitive decline (aHR, 3.44; 95% Cl, 1.55 to 7.60). This
may reflect, for instance, increased difficulties in the utilization
of healthcare services and reduced motivation for healthier
behaviors [24].

The complete-network analyses in the KSHAP study showed
that insufficient social network properties at a group level also
increased the risk of mortality. Social isolation at the group
level, as well as at the individual level, was associated with a
higher risk of mortality [17]. Participants classified as having
group-level segregation may have been not isolated individu-
ally and may have even had strong and frequent social con-
nections with others in the same group. Nevertheless, belong-
ing to a group with a small diameter was associated with an
increased risk of premature death. Group-level segregation
may confine older adults to limited health information and
hinder them from accessing a broad range of health services
[25,26].

Along with social network properties, cognitive impairment
had a significant influence on mortality. Univariate analysis

Social Network Properties and Mortality

showed an HR of 2.91 (95% Cl, 2.07 to 4.08) for cognitive im-
pairment, and the higher risk was persistent after adjusting for
covariates. This finding is consistent with other studies; one
prospective study suggested that cognitive impairment was
the strongest predictor of mortality, in particular deaths from
ischemic stroke [6,27]. When considering both social network
properties and cognitive function, the effect of social network
properties on mortality differed by cognitive function. Social
non-participation, group-level segregation, and lack of sup-
port increased the risk of mortality only among older adults
with cognitive impairment, while the increased risk associated
with social network size did not show a difference between
those with normal cognition and without. To our knowledge,
there is little research on the effect of cognitive function on
the association between social network properties and mor-
tality. One study using the National Health and Nutrition Ex-
amination Survey in the United States illustrated that cogni-
tive impairment and social network properties each raised the
risk of premature death, but did not observe the interaction
between them [28]. Although further studies are required to
fully explain the different effects of social network properties
on mortality by cognitive function, there are some possible
explanations; for instance, the protective effect of sufficient
social network properties appears to be more critical among
older adults with cognitive impairment than those without.
For instance, emotional and psychosocial benefits, such as the
stress-buffering effect from social interactions, could be stron-
ger in older adults with cognitive decline [29]. Cognitive func-
tion may also influence the degree to which people obtain
health information, access health care services, and facilitate
positive health behaviors that are obtained through sufficient
social relationships [4,30]. Cognitive function is related to the
associations between health literacy and physical health among
older adults, and it has been known as a significant risk factor
for premature death [30].

Our study has some strengths in its investigation of the ef-
fect of cognitive impairment on the association between so-
cial network properties and mortality among older Korean
adults. The KSHAP data enabled us to analyze various types of
social relations. The complete social network analyses of all
participants in the village provided both individual-level and
group-level characteristics of the social network. Since the
study population showed a high response rate (94.65%) and
was relatively homogeneous in educational achievement and
occupation, the study findings are unlikely to be severely con-
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founded by socioeconomic status. Although the implications
of this study could be relevant for epidemiological studies and
community health settings, several limitations should also be
taken into consideration. First, the results may not be general-
izable to other populations, since they were derived from a
study of older adults in a rural village in Korea. Second, the
small sample size might undermine the findings. Further stud-
ies with larger sample sizes and longer follow-up periods are
required to reaffirm the varying effects of cognitive impairment
on the association between social network properties and
mortality. Third, we defined cognitive impairment using the
K-MMSE score rather than clinical diagnoses. Although there
are some arguments regarding the use of the MMSE to screen
for cognitive impairment, it is a valid and reliable tool, particu-
larly in a community-based setting [12,15]. A considerable body
of research suggests a general cut-point of 23/24 for the MMSE
could be appropriate for detecting mild cognitive impairment
and dementia in the general population [31,32]. Fourth, re-
sponse bias, such as social-desirability bias, might have influ-
enced our results. In terms of social network properties, survey
participants could respond in a manner that would be viewed
favorably by others (e.g., overrating their social network prop-
erties) [33]. Fifth, we adjusted for 5 comorbidities known to in-
crease mortality in older adults: hypertension, diabetes, cancer,
stroke, and coronary heart disease. Although previous studies
have also suggested that social network properties per se are
associated with an increased risk of morbidity and mortality,
regardless of underlying diseases, the possibility should be
taken into account that other diseases not included could af-
fect our results [4]. Last, there was a possibility of residual con-
founding, as time-varying confounding variables were not
sufficiently controlled, although we evaluated the proportion-
al hazards assumption by confirming independence between
the Schoenfeld residuals and time.

According to our study, it is crucial for older adults to have
sufficient and strong social networks. Furthermore, the effects
of social network properties were more critical among older
adults with cognitive impairment, who are particularly encour-
aged to participate in social activities and be integrated into
social networks to reduce the risk of mortality.

SUPPLEMENTAL MATERIALS

Supplemental materials are available at https://doi.org/10.
3961/jpmph.22.350.
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