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The Korean Social Life, Health, and Aging Project (KSHAP) was a multidisciplinary prospective study conducted
in South Korea that measured various health biomarkers from blood, hair, and brain magnetic resonance imaging,
and we examined their associations with sociocentric (global) social network data of older adults in 2 entire
villages (or cohorts). Cohort K included participants aged 60 years or older, and cohort L included participants
aged 65 years or older. We performed a baseline survey involving 814 of the 860 individuals (94.7% response
rate) in cohort K in 2012 and 947 of the 1,043 individuals (90.8% response rate) in cohort L in 2017. We gathered
longitudinal data for 5 waves in cohort K from 2011 to 2019 and 2 waves in cohort L from 2017 to 2022. Here,
we describe for the first time the follow-up design of the KSHAP, the changes in social networks, and various
biomarkers over a number of years. The data for cohort K are publicly available via the Korean Social Science
Data Archive as well as the project website, and the data for cohort L will be shared soon.

biomarkers; brain imaging; genotype; KSHAP; Korea; social epidemiology; sociocentric social networks

Abbreviations: FLAIR, f luid-attenuated inversion recovery; f-MRI, functional magnetic resonance images; KSHAP, Korean
Social Life, Health, and Aging Project; MPRAGE, magnetization-prepared rapid acquisition with gradient echo; MRI, magnetic
resonance imaging; NSHAP, National Social Life and Aging Project; SNP, single-nucleotide polymorphisms.

Social networks have been examined as one of the crucial
social factors associated with diverse health statuses in social
epidemiology (1–5). One of the main obstacles for develop-
ing social network epidemiology to the fullest extent is the
lack of elaborated measures of social networks especially
for well-defined community settings (6). To thoroughly tap
into various social network measures, we need sociocentric
(or complete) social network data that include the social ties
of everybody in a given target population. However, with a
few exceptions, such as the Framingham Heart Study (7) or
the (school-based) National Longitudinal Study of Adoles-
cent to Adult Health (Add Health) (8), most studies have
been based on an egocentric social network, based on the
responses only from the sample of the population of interest
(9–13). Although egocentric network data could be as good
as sociocentric network data for many analytical questions
and thus sufficient for many studies (14, 15), sociocentri-

cally mapped networks still provide numerous measures that
are not available from egocentric network data.

Sociocentric networks significantly contribute to under-
standing the structural properties of social networks since
they involve an enumeration of all ties among all given
members (6, 16, 17). A few studies have assessed social
positions in sociocentric networks and have assessed the
relationship between social networks and health (3, 18–20).
The Framingham Offspring study, as a part of the Fram-
ingham Heart Study, ascertained longitudinal sociocentric
networks of 12,067 individuals from 1971 to 2003. Using
the offspring cohort, the possible spread of outcomes such
as obesity (21), smoking (22), alcohol consumption (23),
and happiness (24) across social ties was assessed in a way
that would not be possible using ordinary egocentric network
data. Using Add Health data, Bearman et al. (25) showed
that, unlike adults, adolescents might not have pervasive
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sexual core groups, which are small in size but very sexually
active. This study was based on a sociocentric network of
832 students from a high school and provided a unique
policy implication for the prevention of sexually transmitted
diseases among adolescents.

The Korean Social Life, Health, and Aging Project
(KSHAP) adopted an approach similar to that used in an
American counterpart, the National Social Life, Health, and
Aging Project (NSHAP) (26). The NSHAP is an ongoing
investigation that is contributing to the understanding of the
association between health and the structure of older adults’
social ties based on a representative national sample of the
United States (27–29). The KSHAP modified the study
design of the NSHAP by targeting the entire populations
in 2 villages while sacrificing the representativeness of the
sample for the nation. Instead, the KSHAP has decided to
collect sociocentric networks of older adults and follow them
over years; the follow-up rates ranged from 84% to 95%.
The primary objective of the KSHAP is to provide scientific
data that can identify the specific mechanisms underlying
the associations between social networks and health statuses
for older adults with the inclusion of abundant markers of
biological aging in recent waves.

The KSHAP generates sociocentric network data, which
in principle encompasses all social relationships between all
individuals in a population. This provides a unique oppor-
tunity to examine the role of various sociocentric network
variables, which are not available in egocentric network
data. One sociocentric network variable that can be easily
compared with egocentric ones is in-degree centrality. In-
degree centrality refers to the number of people who identify
the respondent as among their social ties. In contrast to this,
social network size in egocentric networks, which is often
called out-degree centrality, is defined as the number of peo-
ple with whom respondents themselves report or perceive as
their social ties. In-degree centrality can only be obtained
through the entire population of interest. One KSHAP study
showed that not out-degree centrality but only in-degree
centrality was associated with the volume of the social brain,
the regions throughout the brain that together are believed
to enable complex social interactions (30). Another popular
sociocentric network variable is K-core, which is a maximal
group of individuals, all of whom are connected to at least K
other members of the group. A high K-core score indicates
that the group occupies a core position in the whole social
network, maintains cohesive ties within, and plays a crucial
role in the diffusion process, consensus emergence, and
opinion formation (31, 32). One KSHAP study revealed that
older adults with a high K-core score seemed to maintain
long-distance connectivity in the brain and, therefore, may
be protected from declining cognitive function (33). This
kind of study is not possible based on traditional egocentric
network data.

The cross-sectional design of the very early KSHAP
cohort K has been described previously (34, 35). Also, each
of many previous studies based on KSHAP has described a
part of the KSHAP to suit its own purposes, but this study
is the first to explain the characteristics of the entire data
set across each wave over 10 years systematically. Here,
we outline the follow-up procedure and provide details on

the panel design and the association between social network
change and physical examination factors, with an update
through December 2022. For the first time, we introduce the
characteristics of the cohort K and L participants compared
with a representative sample of Korean older adults. Fur-
thermore, we provide information on 3 subcohorts that were
derived from the original 814 members of cohort K and 947
members of cohort L, namely the psychiatry, brain imaging,
and oral health cohorts. Due to space limitations, we only
deliver a detailed description of the brain imaging subcohort
among the 3 subcohorts.

METHODS

Site selection

The KSHAP sites were located in the rural part of
Ganghwa Island, which spans approximately 102,000 acres
and is approximately 65 kilometers away from Seoul,
connected to the mainland by 2 large bridges. Ganghwa
Island was chosen due to its high proportion of older adult
residents and low mobility rate. For instance, according
to the 2011 Korean Statistical Information Service, the
proportion of older adults aged ≥60 years was 45.3%,
and their move-out rate was only 4.9% (36). Moreover,
participants of cohort K and L had a lengthy average
period of residence in the same village, of 48 and 50
years, respectively. These unique site characteristics were
particularly relevant for the KSHAP, which aims to collect
prospective data of stable structure of social networks with
high response rates.

Study design of the KSHAP

The KSHAP encompasses 2 main cohorts and 3 subco-
horts: cohorts K and L and 3 specialized subsample cohorts.

We administered the first survey of cohort K between
December 2011 and January 2012 and 4 further surveys
across 8 years: wave 2 (December 2012 to March 2013),
wave 3 (February 2014 to April 2014), wave 4 (December
2015 to February 2016), and wave 5 (December 2018 to
February 2019). Cohort L was an additional cohort of res-
idents of another village on the same island. We collected
the baseline data of cohort L between December 2016 and
March 2017 and the follow-up data from July 2021 to
February 2022.

The 3 subcohorts had additional measurements in terms
of psychiatry, brain imaging, and oral health. The psychi-
atry subcohort consisted of 235 participants from cohort
K from 2015 to 2018, with 3 waves. It collected data on
psychiatric disorders, perceived stress, anger, sleep quality,
and hair cortisol. In cohort K, the brain imaging subcohort
was established from 2015 to 2016 and followed up in
2019, when another set of images was collected. The brain
imaging subcohort of cohort L was obtained in 2018. The
brain imaging subcohort provided structural magnetic reso-
nance imaging (MRI), including T1 magnetization-prepared
rapid acquisition with gradient echo (MPRAGE), T2 fluid-
attenuated inversion recovery (FLAIR), and diffusion tensor
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The Korean Social Life, Health, and Aging Project 243

Table 1. Response Rates in the Main Cohorts, Cohorts K and L, Korean Social and Health Assessment Project, 2011–2022

Cohort and Wave Yeara Total No.
Eligible

No. Interviewed
Response

Rate, %
No. of Physical
Examinations

Response
Rate, %

Cohort K

Baseline 2012 860 814 94.7 698 85.7

Wave 2 2013 755 710 94.0 N/A N/A

Wave 3 2014 707 591 83.6 N/A N/A

Wave 4 2016 593 572 96.5 445 77.8

Wave 5 2019 578 518 89.6 386 74.5

Cohort L

Baseline 2017 1,043 947 90.8 744 78.6

Wave 2 2022 724 669 92.4 429 64.1

Abbreviations: KSHAP The Korean Social Life, Health, and Aging Project; N/A, not applicable.
a The survey year indicates when the survey was completed.

imaging (DTI). Also, resting-state and task-based functional
MRI (f-MRI) were collected. More details about the brain
image data are provided below (Data-collection process,
Measurements). The oral subcohort consisted of 190 partic-
ipants in cohort K and 188 participants in cohort L whose
saliva was collected, and a survey about their oral health
status was completed. The summary of the core variables
collected in the KSHAP subcohorts is shown in Web Table 1
(available at https://doi.org/10.1093/aje/kwad190). Figure 1
illustrates a major timeline of the KSHAP for the different
cohorts.

Participants and follow-up

To construct a sociocentric network, we targeted the entire
population of individuals who were aged ≥60 years and
their spouses in township K when we started the first wave.
Because the first survey for township L started 5 years
later, individuals aged ≥65 years and their spouses were our
population of interest in township L. Table 1 presents the
response rates of the eligible population for each wave of
interviews and physical examinations.

The population size of older adults in cohort K was
870 based on the resident registration data of 2010. With
the aid of the public officers of township K and a pilot
study, we identified 860 individuals in total as the KSHAP
population. We administered a baseline survey to 814 of
the 860 participants (response rate: 94.7%) and conducted
a physical examination involving 698 individuals (85.7% of
the survey participants). The baseline cohort was followed
for 8 years in 4 subsequent waves. The response rates were
quite high, ranging from approximately 90% to 95%, except
for wave 3. The response rates were calculated considering
individuals who were unable to participate in the follow-up
survey because of admission to a hospital or nursing home,
communication impairment because of cognitive or hearing
dysfunction, temporary or permanent moving to another
area, or death. Physical examinations were followed by a
survey: 445 of 572 individuals (response rate: 77.8%) in

wave 4 and 386 of 518 individuals (response rate: 74.5%)
in wave 5.

Township L had a population of 1,483 older adults based
on the resident registration data published in 2015. The
local public health center and the Senior Citizen Association
helped us to identify 1,043 eligible individuals. We com-
pleted a baseline survey of 947 individuals (response rate:
90.8%) and conducted physical examinations of 744 indi-
viduals (78.6% of the survey participants) in 2017. In 2022,
669 of 947 individuals (response rate: 92.4%) participated in
the follow-up survey, and 429 of 669 individuals (64.1% of
the survey participants) underwent physical examinations.

In cohort K, 80 individuals were scanned using struc-
tural MRI including T1 MPRAGE and T2 FLAIR and
f-MRI, including a resting-state and cognitive control task in
2015–2016. Of the 80 individuals, 45 were also scanned for
the same structural MRI and f-MRI including a resting-
state, theory of mind task, and multisource interference
task in 2019. Another brain imaging subcohort in cohort K
performed T1 MPRAGE, resting-state f-MRI, face-viewing
task, and senior center–viewing task with 29 participants in
2019 (37). In cohort L, brain imaging data were collected
for 126 participants in 2018 with structural MRI, including
T1 MPRAGE, T2 FLAIR, and DTI, and f-MRI, including
a resting-state, Cyberball task, and multisource interference
task (38, 39).

Data-collection process

The data collection consisted of 2 major steps: the survey
and the physical examination.

We held the interviews in the respondents’ homes or
senior community centers via face-to-face conversations for
an average of approximately 48 minutes. The participants
were surveyed by trained personnel using standardized ques-
tionnaires according to the predetermined protocol. Written
informed consent was obtained beforehand.

After the survey, all KSHAP participants were informed,
and if the participants were willing to participate in the
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Cohort K Cohort L

2012 
Main Cohort: Wave 1

Survey and physical examination (n = 698)
Survey only (n = 116)

2013 Main Cohort: Wave 2
Survey only (total: n = 710, new: n = 10)

2014 Main Cohort: Wave 3
Survey only (total: n = 591, new: n = 14)

2015 
Subcohort
Psychiatry

Wave 1 (n = 235)
Brain Imaging

Subcohort

2016 Wave 2 (n = 195) Wave 1
(n = 80)

Wave 2
(n = 45)

Main Cohort: Wave 4
Survey and physical examination (n = 445)

Survey only (n = 127)

2017 
Main Cohort: Wave 1

Survey and physical examination (n = 744)
Survey only (n = 203)

2018 
Oral Health
Subcohort

Wave 1 (n = 190) Wave 3 (n = 166)

Oral Health
Subcohort

Wave 1 (n = 188)

Brain Imaging Subcohort
Cyberball

Wave 1 (n = 126)

2019 Face-viewing
Wave 1 (n = 29)

Main Cohort: Wave 5
Survey and physical examination (n= 386)

Survey only (n = 132)

2022 
Main Cohort: Wave 2

Survey and physical examination (n = 429)
Survey only (n = 240)

.

.

.

Figure 1. Flowchart of study activities over 10 years, Korean Social Life, Health, and Aging Project. The survey year indicates when the survey
was completed.

physical examination, we secured a separate consent form
and scheduled an appointment. The physical examinations
were performed at local public health centers, a local hos-
pital, or the homes of the participants. A comprehensive
set of physical examinations was administered by trained
staff with appropriate medical qualifications. The collected
blood samples were analyzed at Seoul Clinical Laborato-
ries (https://www.scllab.co.kr/). All remaining blood sam-
ples were stored in freezers (−70◦C) at Avison Biomedical
Research Center at Yonsei University.

Measurements

A summary of survey-based variables collected from
cohorts K and L is presented in Table 2. The survey
questionnaire included a range of topics, including social
networks, sociodemographic factors, self-rated health,
physical activity, medical history, medication use, func-
tioning level, depressive symptoms, cognitive function, and
psychosocial factors.

Social networks were assessed using the Korean ver-
sion of the Social Network Survey name generator, which
is identical to the NSHAP from the United States (26)
as follows: “From time to time, most individuals discuss
things that are important to them with others. For example,
these may include good or bad things that happen to you,
problems you are having, or important concerns you may
have. Looking back at the last 12 months, who are the
individuals with whom you most often discussed things that
were important to you?” The social network in KSHAP
consist of the individual’s discussion network up to 5, plus
their spouse if they have one. Therefore, social network size
ranges from zero to 6 if the spouse is included, or from
zero to 5 if the spouse is not counted. We also collected
detailed information on the participants’ discussion network
members, including their real names, sexes, ages, addresses
at the smallest South Korean administrative unit (the rhee),
type and duration of relationship, cohabitation status, edu-
cation level, frequency of meeting and communication, and
emotional closeness.
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The Korean Social Life, Health, and Aging Project 245

Table 2. Summary of Survey-Based Variables Collected in the Main Cohorts, Cohorts K and L, Korean Social and Health Assessment Project,
2011–2022

Questionnaire Aspect Measures

General Demographic factors

Occupation status and history

Social position in the community

Social activity

Welfare service utilization

Self-rated health

Physical activity

Medical history (past disease history, disease treatment status, medication history)

Functional level (ADL, IADL)a,b

CES-Dc

GDSSF-K; cohort K wave 2 onlyd

Cognitive function (MMSE-DS)e

Psychosocial factors (self-rated emotional stress, life satisfaction, suicidal thoughts and/or attempts)

Sleeping disorder

Health-related behaviors (cigarette smoking, alcohol consumption)

Lonelinessf

Gender equality perceptiong

Sexual lifef

Socioeconomic status

Social network Egocentric networks (network size, density, closed triad, open triad, bridging potential, frequency of
meeting and communication, emotional closeness, the proportion of kin, etc.)

Sociocentric networks (degree centrality, closeness centrality, betweenness centrality, component,
K-core, etc.)

Social support (emotional, instrumental, financial, informational) from spouse, children, and friends or
neighbors.

Abbreviations: ADL, activities of daily living; CES-D, Center for Epidemiologic Studies Depression Scale; GDSSF-K, Geriatric Depression
Scale Short Form–Korean Version; IADL, instrumental activities of daily living; MMSE-DS, Mini Mental State Examination–Dementia Screening.

a Except for the baseline in cohort K.
b Adapted from Won et al. (57).
c Adapted from Noh et al. (58).
d Adapted from Kee et al. (59).
e Adapted from Kim et al. (60).
f Except for the baseline and waves 2 and 3 in cohort K.
g Except for the baseline and wave 2 in cohort K.

The KSHAP participants were also asked “How fre-
quently do (network member 1) and (network member 2)
talk to each other?” on an 8-point Likert scale, ranging from
“every day” to “less than once per year.” By measuring
the relationships within social network members, we can
obtain egocentric network variables including density (the
proportion of connections between network members out of
all possible connections), the number of open triads (groups
of 3 network members where only 2 have a connection),
closed triads (groups of 3 network members where all 3 have
connections), and bridging potential. Bridging potential
refers to the likelihood that the participants perform a role
of bridging social interactions between their social network

members. In this study, we defined a participant as having a
brokerage role if they have at least 1 social network member
who is not connected to any other members within their
social network (40).

Using the 4 types of information on the network members,
including their real names, sexes, ages, and addresses, we
constructed a sociocentric network of each village. Two
individuals in a social network were assumed to be identical
if all 4 criteria were met: 1) at least 2 of 3 Korean characters
in their names match, 2) their sex was the same, 3) their age
difference was less than 5 years, and 4) their address was
in the same rhee, the smallest administrative unit in South
Korea (35). Unfortunately, many Korean older adults share
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246 Baek et al.

Figure 2. Sociocentric network of cohort K (n = 814) at baseline mapped to altered geographic data, Korean Social Life, Health, and Aging
Project, 2011–2019. Original maps have been slightly jittered to protect confidentiality; color of the nodes represents the in-degree centrality
(popularity); darker nodes are more popular. The lines between nodes denote social ties between the residents. Separate areas in each panel
represent rhee (the smallest administrative unit in South Korea).

similar names. The cross-validation was conducted either by
contacting or visiting the respondents again to confirm the
accuracy of the data when we were not sure.

As mentioned above, the KSHAP provides sociocentric
network measures including in-degree centrality, K-core,
and component. A component is a maximal connected
subgraph that is disconnected from other components. We
can identify a segregated group as a group of individuals
who only belong to a small component and cannot extend
the connections outside their small group (41). Individuals in
a small component may have many friends, but they cannot
reach the village-wide community and thus, would be group-
level segregated. The sociocentric network of KSHAP
consisted of 1 large component and multiple smaller
components, which is quite consistent across all waves
of cohort K and L. To measure group-level segregation,
respondents were classified as either nonsegregated if they
belonged to the largest component or segregated if they
belonged to one of the smaller components. Participants who
reported no social ties were excluded in the measurement
since they were only individual-level segregated. An
illustration of the sociocentric networks of townships K and
L from wave 1 is presented in Figures 2 and 3, respectively.

A summary of the physical examinations and blood assays
is presented in Table 3. Fasting blood assays were per-
formed by medical personnel and drawn from the antecu-
bital vein. We genotyped the extracted genomic DNA using
Korean Biobank arrays (Korean Chips, Genome Science at
the Korean National Institute of Health). See Moon et al. (42)
for details.

A summary of the brain imaging data and measurements
is presented in Web Table 1.

Ethical approval

The Institutional Review Board of Yonsei Univer-
sity approved this study (YUIRB-2011-012-01 in 2011;
1040917-201505-SB-152-05 in 2014; 7001988-201806-
HRBR-244-04 in 2016; 7001988-201612-SB-307-04 in
2017; 7001988-201812-HR-505-02 in 2018; and 7001988-
202111-BR-1037-05 in 2021) and the Yonsei University
Health System, Severance Hospital (4-2012-0172 in 2012).
The participants signed separate informed consent forms for
the interviews and physical measurements (including blood
assays, authorized sample storage, and further blood analy-
sis). All data were expressed as anonymous and encrypted.

RESULTS

Characteristics of the KSHAP participants

The mean ages of the participants at baseline were 71
years (range, 42–96 years) in cohort K and 77 years (range,
59–103 years) in cohort L. Most participants in cohorts K
and L had no formal education (70% in cohort K and 61%
in cohort L) and were engaged in farming (61% in cohort
K and 62% in cohort L). Moreover, they had a long average
period of residence in the same village: 48 years in cohort
K and 50 years in cohort L. We compared the baseline
characteristics of the KSHAP participants with the national
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The Korean Social Life, Health, and Aging Project 247

Figure 3. Sociocentric network of cohort L (n = 947) at baseline mapped to altered geographic data, Korean Social Life, Health, and Aging
Project, 2017–2022. Original maps have been slightly jittered to protect confidentiality; color of the nodes represents the in-degree centrality
(popularity); darker nodes are more popular. The lines between nodes denote social ties between the residents. Separate areas in each panel
represent rhee (the smallest administrative unit in South Korea).

rural data from the Korea National Health and Nutrition
Examination Survey (KNHANES), a representative sample
of Koreans collected by the Korean Disease Control and
Prevention Agency (43) (Web Tables 2 and 3). Both cohort
K and L participants had significantly higher proportions of
agriculture/fishery employment status and spousal cohabi-
tation than the KNHANES participants in 2012 and 2017,
respectively.

Descriptive statistics of key factors across waves

To investigate changes in social networks, physical exam-
ination, and blood assays across waves, we conducted analy-
sis of variance, χ2 tests, and Fisher’s exact tests, followed by
post-hoc analyses. All statistical tests were based on bivari-
ate analyses. Based on egocentric social network changes in
Table 4, we observed that as residents in village K aged, they
managed to increase their network size somewhat by relying
on kin. We believe this increase was mainly due to the
dropout of the deceased who were likely to maintain a small
network size. The mortality rate during the follow-up was
16.6% in village K. Sociocentric network variables revealed
that entire social networks of the village became fragmented
and divided, with an increase in group-level segregation and
a drop in K-core, indicating that residents were segregated
into smaller social networks as they are getting older. There
were no significant differences in body mass index and
timed up-and-go test levels across waves. In the results
of blood assays, we observed significant changes in high-

density lipoprotein, triglycerides, and blood urea nitrogen–
creatinine ratio. The proportion of participants with normal
high-density lipoprotein and blood urea nitrogen–creatinine
ratio decreased from wave 1 to wave 5, while the proportion
of those with normal triglycerides increased.

Table 5 shows that, unlike in cohort K, the decay of social
networks was quite striking in cohort L. We believe this
was due to COVID-19 quarantine during the second wave.
The size of social networks decreased, and the proportion
of group-level segregated people skyrocketed from 34.7%
to 71.4%. Considering that the response rate for wave 2
was 92.4%, we consider this a credible conclusion. As
shown in the results of blood assays, the proportion of
participants with normal levels of triglycerides, alanine
aminotransferase, and high-sensitivity C-reactive protein
significantly increased in wave 2 compared with wave 1.

Web Tables 4 and 5 present key factors associated with
the cohort follow-up. Web Table 6 describes the basic infor-
mation on the selected single nucleotide polymorphisms
(SNPs) based on prior research relevant to social network
characteristics. To date, SNP microarray using Korean Chips
has been completed in wave 4 of cohort K and wave 2 of
cohort L participants.

DISCUSSION

The KSHAP focuses on comprehensive analyses of 4
types of major health biomarkers (i.e., genotypes, brain
imaging, physical examinations, and blood tests) and 2
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Table 3. Summary of Physical Examination Variables Collected in Main Cohorts, Cohorts K and L, Korean Social and Health Assessment
Project, 2011–2022

Category Measures

Physical examination Anthropometrics (height, weight; waist, hip, and thigh circumferences)

Blood pressure (systolic blood pressure, diastolic blood pressure, pulse pressure, mean arterial pressure)a

Radical pulse wave analysis (central blood pressure, augmentation index)

Bone densitometryb

Chair rise testc

Timed up-and-go testd

Grip strengthc,d

Blood biomarker Lipid (total cholesterol, HDL cholesterol, TG, LDL cholesterol)

Liver function (protein, albumin, total bilirubin, AST, ALT)

Kidney function (BUN, Cr, GFR)

Glucose metabolism (glucose, insulin, HbA1c)

Anemia (hemoglobin, hematocrit)

25(OH)Vitamin D

Inf lammation (hsCRP)

Human Cardiovascular Disease Magnetic Bead Panel I (TNF-α, IL-1b, IL-6, Leptin, BNP, NT proBNP, troponin I)c,d

DNA (single-nucleotide polymorphisms)e

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; Cr,
creatinine; GFR, glomerular filtration rate; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein;
IL-1b, interleukin 1 beta; IL-6, interleukin 6; LDL, low-density lipoprotein; NT proBNP, N-terminal prohormone of brain natriuretic peptide; TG,
triglycerides; TNF-α, tumor necrosis factor-alpha.

a In cohort K, resting blood pressure was measured at least twice on the right upper arm at wave 1. If the first and second measurements
differed by ≥10 mm Hg, either for systolic or diastolic pressure, additional measurements were performed. At waves 4 and 5 of cohort K and
wave 2 of cohort L, blood pressure was measured 3 times on the right and left upper arms, respectively, in the seated position after 5 minutes
of rest. At wave 2 of cohort L, blood pressure was measured 2 times on the right upper arm at wave 2.

b Ultrasound calcaneus bone densitometry, except for wave 2 of cohort L, and dual-energy X-ray absorptiometry at wave 2 of cohort L.
c Except for wave 2 of cohort L.
d Except for the baseline of cohort K.
e Only for wave 4 of cohort K and wave 2 of cohort L

levels of social networks (i.e., egocentric and sociocentric)
to understand the relationship between social networks
and various health statuses (Figure 4). More than 50
papers based on KSHAP data have examined the role of
social networks in the process of health and illness. For
example, researchers have found that particular patterns of
social networks are associated with various health statuses,
including well-being (44–46), self-rated health (47), suicidal
thoughts (48), depression (49), cognitive dysfunction (50,
51), hypertension management (52), C-reactive protein
level (53), and others (54, 55). Recently, the analysis of
the relationships between social networks and 8-year all-
cause mortality using prospective KSHAP data showed
that group-level segregated individuals had a higher risk
of mortality than their nonsegregated counterparts (41). Our
findings indicate that social networks play an important
role in understanding the physical and mental health status
among older adults.

The KSHAP also contains sociocentric networks and
f-MRI data that allow us to examine the neural under-
pinnings of social interactions and their associations with

brain aging. Using sociocentric network characteristics of
cross-sectional KSHAP data, several studies have revealed
an association between sociocentric network positions and
brain health. We examined relationships of both in-degree
and out-degree centrality with the volume of brain regions
believed to be responsible for social interactions. In-degree
centrality was strongly associated with increased social
brain volume, whereas out-degree centrality was not (30).
We also showed that similarity in individuals’ resting-
state functional connectomes could successfully predict
individuals’ proximity in their real-world social network
(56). The KSHAP recently constructed longitudinal data of
both sociocentric networks and MRI data.

Using genotyping data collected, we have been inves-
tigating the influence of genetic variations on social net-
work characteristics such as formation and maintenance
of social network. The Korea Biobank Array (also called
KoreanChip) will include more than 800,000 markers, such
as expression quantitative trait loci that affect gene expres-
sion and SNPs related to complex diseases present in the
Korean population. Because most genomic studies have
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Table 5. Descriptive Statisticsa of Social Networks, Physical Examinations, and Blood Assays in Cohort L by Wave, Korean Social and Health
Assessment Project, 2017 and 2022

Variable

Wave 1: 2017
(n = 947)

Wave 2: 2022
(n = 669)

P Value

Mean (SD) No. % Mean (SD) No. %

Egocentric network

Discussion network size 3.68 (1.41) 2.48 (1.62) <0.001

Proportion of kinb 0.69 (0.33) 0.75 (0.33) <0.001

Proportion of network members
living in the same rheeb

0.50 (0.33) 0.56 (0.37) <0.001

Network densityc 0.56 (0.35) 0.71 (0.37) <0.001

Bridging potentialc 0.42 (0.49) 0.27 (0.44) <0.001

Sociocentric network

In-degree centrality 1.42 (1.29) 1.08 (0.98) <0.001

Group-level segregationb

No 617 65.3 173 28.6 <0.001

Yes 328 34.7 432 71.4

K-core score 2.09 (0.89) 1.73 (0.83) <0.001

Physical examination

BMId

<25 436 59.3 255 59.4 0.968

≥25 299 40.7 174 40.6

Time up-and-go test, secondse

<14 407 55.4

≥14 328 44.6

Blood assaysf

Total cholesterol

<240 mg/dL 698 94.1 391 93.5 0.718

≥240 mg/dL 44 5.9 27 6.5

HDL cholesterol

≥40 mg/dL 619 83.4 330 78.9 0.058

<40 mg/dL 123 16.6 88 21.1

LDL cholesterol,

<160 mg/dL 709 95.6 400 95.7 0.910

≥160 mg/dL 33 4.5 18 4.3

TG

<200 mg/dL 613 82.6 370 88.5 0.007

≥200 mg/dL 129 17.4 48 11.5

AST

<34 U/L 645 86.9 373 89.2 0.250

≥34 U/L 97 13.1 45 10.8

ALT

≤49 U/L 703 94.7 407 97.4 0.035

> 49 U/L 39 5.3 11 2.6

BUN-Cr ratio

10–20 mg/dL 290 39.8 146 34.9 0.161

<10 or >20 mg/dL 452 60.2 272 65.1

Table continues
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Table 5. Continued

Variable

Wave 1: 2017
(n = 947)

Wave 2: 2022
(n = 669)

P Value

Mean (SD) No. % Mean (SD) No. %

hsCRP

<3 mg/L 624 84.1 378 90.4 0.003

≥3 mg/L 118 15.9 40 9.6

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; Cr,
creatinine; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; TG, triglycerides.

a Analysis of variance, χ2 tests, and Fisher’s exact tests were used to bivariate statistical analysis.
b Respondents with a social network of 0 were excluded. The rhee is the smallest administration unit in South Korea.
c Respondents with a social network of 0 or 1 were excluded.
d Weight (kg)/height (m)2; Sample size for BMI was 735 in wave 1 and 429 in wave 2.
e Timed up-and-go test was measured only in wave 1 for 735 participants.
f Sample size for blood assays was 742 in wave 1 and 418 in wave 2.

been performed involving populations of European ancestry,
genotyping information in the KSHAP will provide valuable
information on genetic factors for social relationships in
non-White populations.

The KSHAP 2.0 will continue to collect cohorts from
townships K and L, ideally for the next 10 years. All data
collection will be implemented at 3-year intervals and will
include both survey and physical examination. Furthermore,
genotype data will be collected once in the entire study
period for all participants who have not participated in gene
data collection yet. Wave 6 of cohort K will be conducted
in January 2023 with a newly added sample of residents
who will be 60 years or older, and their spouses, at the time
of the interview. Approximately 1,000 participants in total
are expected. Brain imaging cohorts will be followed up at
least once during the KSHAP 2.0, and both structural MRI
(T1 MPRAGE and T2 FLAIR) and resting-state functional
MRI will be included as common measurements. The main
goal of the KSHAP is to provide scientific data to identify
the specific mechanisms of social network associations with
health status for older adults.

Future studies based on KSHAP can focus on the changes
in social networks and their association with the changes
of various health statues and biomarkers. Compared with
the cross-sectional social network epidemiologic studies,
this line of research could be closer to robust causal found-
ing. For example, Table 5 confirmed the sharp shrinkage of
social networks of older adults during COVID-19. Does this
change lead to worse health statuses? How about the health
of those people whose social networks remained intact? How
long did it take for older adults to return to the original social
network? All of these are good candidates for the theme of
future studies.

The biggest weaknesses of our study include the limited
generalization of the study data because our sites were
restricted to traditional rural villages on an island. Therefore,
our respondents were not a representative sample of older
adults in South Korea in any sense. Additionally, the KSHAP

potentially has survivorship bias. This occurs when the study
includes only those who have survived or remained healthy
up to a certain age or period, while excluding those who
have not. Last, the brain imaging subcohort data may suffer

Lessons Learned
• The Korean Social and Health Assessment

Project proposes a multidisciplinary prospective
study focusing on various health biomarkers,
including blood, hair, and brain MRIs, as well as
social networks. Particularly, it collects both
ego- and sociocentric networks in 2 South
Korean villages, offering a rare opportunity to
advance social network epidemiology based on 
sociocentric networks.

• The significant decline of social networks
among older adults during the COVID-19
pandemic is noteworthy. By examining
longitudinal changes in social networks, future
research can provide more robust evidence of
the causal relationship between social networks
and various health statuses.

• Moreover, future studies can explore the neural
mechanisms underlying social interactions and
their association with brain aging by utilizing
longitudinal sociocentric networks and fMRI
data.

• In the coming decades, the Korean Social and
Health Assessment Project continue 2.0 will to
collect multidisciplinary data and identify specific
mechanisms of sociocentric social networks that
are related to the health status of older adults.

Figure 4. Lessons learned from the Korean Social and Health
Assessment Project.
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from selection bias, as it was obtained only from partici-
pants who were willing to travel to an MRI scan center in
Seoul. We believe, however, that this bias is not serious. To
minimize the selection bias, we arranged transportation for
participants to travel to and from Seoul using a reserved taxi.
Additionally, we recruited the brain imaging cohort partici-
pants by selecting and contacting them based on their social
network properties obtained from the main KSHAP cohort
data, rather than recruiting them through advertisement.
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