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a b s t r a c t

Objectives: North Korean Refugees (NKRs) undergo defection, and this has been shown to impact their
current health status in South Korea. However, little is understood about how the defection process is
related to metabolic syndrome (MetS). This study regarded the defection process to be a quasi-
measurement of traumatic experience and investigated whether defection was a risk factor for MetS
among NKRs living in South Korea.
Study design: This cross-sectional study obtained data from the Korea University Anam Hospital in Seoul.
NKRs (N ¼ 847) voluntarily completed questionnaires and underwent at least one medical examination
between October 2008 and July 2021.
Methods: Multivariable logistic regression models were used to evaluate whether the number of
countries transited by NKRs was associated with MetS by controlling for covariates.
Results: The prevalence of MetS among male and female NKRs in South Korea was 12.3% and 13.3%,
respectively. The highest prevalence of MetS (33.4%) was among NKRs who had transited two countries.
The number of months in transit countries (mean: 49.9 ± 51.7) and period of residence in South Korea
(mean: 40.9 ± 40.9 months) were also considered. NKRs who transited three countries had a higher
probability of MetS (odds ratio [OR] 2.660, 95% confidence interval [CI] 1.161e6.097) than those who
travelled directly to South Korea. NKRs who transited three countries and had only resided in South
Korea for a short period had a higher probability of MetS (OR 3.424, 95% CI 1.149e10.208) than those who
have lived in South Korea for a longer period.
Conclusions: Considering the social vulnerability of NKRs and consequential health problems, there is an
urgent need for appropriate support from the government and society.
© 2023 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Since the outbreak of the Korean War on 25 June 1950, people
in North Korea have chosen to flee to South Korea for a variety of
reasons. Initially, most people left North Korea for political pur-
poses. However, in the late 1970s, South Korea had a dramatic
economic growth, and the economic disparity between the two
nations widened significantly. As a result, South Korea enjoyed
sustained economic prosperity, whereas North Korea faced
chronic economic difficulties. Consequently, the motivation
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behind North Korean Refugees (NKRs) leaving their homeland
shifted from political reasons to economic crisis. This shift trig-
gered a large exodus of North Korean people to South Korea in
pursuit of a better life. As of December 2021, the cumulative
number of NKRs living in South Korea was 33,815. However, this
figure does not include those who have left North Korea but are
currently in transit in China or other Asian countries while trying
to reach South Korea.1 Most NKRs travel to neighbouring coun-
tries, such as China, Thailand, Laos, Vietnam, Mongolia, Cambodia
and others, to receive assistance from the South Korean gov-
ernment and missionary organisations before entering South
Korea.1

The process of defection from North Korea involves sub-
stantial risk, with the possibility of imprisonment in a political
prison camp or even public execution.2 NKRs are exposed to
extreme stress due to the persistent fear of being tracked by
Chinese authorities or the North Korean secret police operating
in China; this level of stress remains until they receive help
from the South Korean government or find a way into the
country.3 As a result, the physical and mental health of NKRs
can deteriorate due to difficulties of securing basic necessities
(e.g. food, water and shelter) to survive in the transit countries.
These unique experiences of NKRs can lead to trauma, poten-
tially manifesting as health conditions.4e7 It has been shown
that drastic changes in the sociocultural environments of im-
migrants or refugees can result in trauma, which subsequently
negatively impacts their mental and physical health over
time.8e10

Individuals experiencing psychological stress and mental health
disorders have a higher mortality rate compared with the general
population.11 In particular, post-traumatic stress disorder (PTSD)
has been linked with various chronic diseases, such as cardiovas-
cular and metabolic diseases.12,13 This correlation can be explained
by a pathogenic process in which PTSD disrupts disease outcomes
by altering the hypothalamic-pituitary-adrenal and sympathetic-
adrenal-medullary stress axes.14

Studies suggest that the extreme stress of defection can trau-
matise NKRs, increasing their risk of developing chronic diseases
due to a number of factors.15 Previous research has demonstrated
that endocrine disorders can be attributed to hormonal distur-
bances due to traumatic experiences.16 Moreover, substantial
research has indicated that traumatic experiences are closely
associatedwithmetabolic syndrome (MetS), whichmay predispose
an individual to a high risk of developing cardiovascular disease
(CVD) and type 2 diabetes mellitus.6,12,13,17,18

This study hypothesises that the risk of MetS in NKRs will vary
depending on the severity of the trauma experienced during the
defection process. It is expected that significant lifestyle and di-
etary changes in South Korea could lead to health problems,
particularly metabolic issues that are known to be closely linked
to such changes. The degree of difficulty in adaptation to their
new environment is likely to be dependent on the level of stress
experienced during defection and is expected to be proportional
to the number of countries transited and the duration from
defection until arrival in South Korea. In this study, the number
of transited countries and the duration from defection to arrival
in South Korea were used as proxy measurements to assess the
degree of the traumatic event.

This study aimed to investigate whether the risk of MetS
varies depending on the number of countries transited by NKRs
and whether this association differs as a result of the duration
from defection to arrival in South Korea, the period of residence
in South Korea, sex and age. Lastly, this study also attempted to
identify which MetS components have the strongest association
with stressful defection experiences.
209
Methods

Data source and study population

The NORNS (NOrth Korean Refugee health iN South Korea) study
aimed to examine the health andmedical status of North Koreanswho
defected to live in SouthKorea. It included twophases, with an interval
of 3.5 years from the first phase. However, since the follow-up is still
ongoing, only 229 (21.6%) individuals were included in phase 2. The
present research is a cross-sectional study conducted with the data
obtained from the NORNS study. The NORNS study was established to
evaluatediverseaspectsofmedical statusandhealthdeterminants.The
health questionnaire consisted of six domains: (1) demographic and
migration information; (2) disease history; (3) mental health; (4)
health-related lifestyle; (5) female reproductive health; and (6) socio-
cultural adaptation.19 The NORNS study has been described in detail
elsewhere19 and can be accessed for more information.

From an initial study population of 1059 participants who
voluntarily underwent at least one medical examination between
October 2008 and July 2021, 212 individuals were excluded because
of missing information (age, n ¼ 1; body mass index [BMI], n ¼ 1;
the period from defection until arrival, n ¼ 53; components of
MetS, n ¼ 69; and 20-item Center for Epidemiologic Studies
Depression Scale [CES-D-20], n ¼ 88).

Lifestyle variables accounted for almost 20% of missing values
(alcohol drinking frequency, n ¼ 152; days of exercise, n ¼ 173).
As lifestyle is known to be a major factor impacting the risk of
MetS, multiple imputation, based on multivariate normal distri-
bution, was used. It has been previously established that
approximately 20% of missing values are acceptable for multiple
imputation.20 Accordingly, a total of 847 participants remained in
the final study population (see Appendix 1 in the supplementary
material). This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology reporting guideline21 (see
Appendix 2 in the supplementary material).

Measures

All study participants visited the Korea University Anam
Hospital located in Seoul. Participants were required to fast from
midnight the day before the survey. The questionnaire took
about 30 min to complete and was followed by a medical ex-
amination. The questionnaire consisted of the following sections:
(1) demographic characteristics, (2) disease history, (3) mental
health, (4) health-related lifestyle, and (5) women-specific con-
ditions. The medical examination included (1) anthropometric
measurements, (2) blood pressure, (3) test for atherosclerosis,
and (4) biochemical measurements. To enhance the quality and
validity of the questionnaire, participants were able to commu-
nicate with an in-person North Korean (defected) doctor
regarding the content of the questionnaire. A more detailed
description of the measurements has been previously reported.19

Outcome: MetS
MetS was defined using the modified National Cholesterol

Education Program Adult Treatment Panel III criteria by using the
Asian cut-off values for waist circumference. Waist circumference
varies between ethnicities and is associated with the prevalence
of MetS among different ethnic groups.22e24 A participant was
considered to have MetS when three or more of the following
five criteria were met: (1) waist circumference (men �90 cm and
women �85 cm), (2) high triglyceride �150 mg/dL, (3) high-
density lipoprotein cholesterol (HDL-C; men <40 mg/dL and
women <50 mg/dL), (4) hypertension �130/85 mm Hg, and (5)
high fasting glucose �100 mg/dL.
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Exposure: traumatic experiences of NKRs during defection
NKRs face poverty, political imprisonment and life-threatening

situations if arrested by the police during defection.3 Further-
more, prolonged insecurity because of their continued illegal status
in a third country is particularly traumatic.25 NKRs often transit
multiple countries, and these refugees are more likely to be
exposed to traumatic experiences than those who arrive directly in
South Korea. Accordingly, the number of transit countries and the
period from defection until arrival in South Korea were used as
quasi-measurements to determine the extent of exposure of NKRs
to traumatic experiences.

Covariates
As an important postsettlement factor, the period of residence in

South Korea was considered as the moderating factor of the asso-
ciation between traumatic experiences during defection and MetS.
In a previous study, the prevalence of mental health disorders in
NKRs differed according to their duration of residence in South
Korea and may have been impacted by better adaptation to a new
environment over a period.26 Sex, age and average monthly
household income have been shown to be associated with MetS
and were therefore controlled for during analysis of results in the
present study.27,28 In addition, pack-year of smoking, current
alcohol drinking frequency (‘Never had in last one year’, ‘Once or
Table 1
Characteristics of the study population.

Characteristics Total (n ¼

N or mean

Number of transit countries, mean ± SD 1.4
3 117
2 283
1 278
0 (arrived directly) 169

Period from defection to arrival in South Korea (months), mean ± SD 49.9
Period of residence in South Korea (months), mean ± SD 40.9
Sex (women), n (%) 682
Age (years), mean ± SD 42.3
Average monthly household income (10,000₩₩), mean ± SD 97.7
>100 148
50e100 184
<50 251
Not answered 264

Pack-year of smoking, mean ± SD 1.4
Alcohol drinking frequencyb

Never had in last 1 year 241
Once or less in a month 166
1~4 times a month 311
2~3 times a week 86
�4 times a week 43

Days of vigorous-intensity exercise (per week)b 1.1
CES-D-20 score, mean ± SD 25.2
None/minimal (<16) 89
Mild (16e20) 167
Moderate (21e25) 225
Severe (>25) 366

Body mass index (kg/m2), mean ± SD 23.0
Total cholesterol (mmol/L), mean ± SD 176.2
Number of comorbiditiesc

0 720
1 94
�2 33

CES-D-20, 20-item Center for Epidemiologic Studies Depression Scale; SD, standard dev
a A participant was considered to have MetS when three or more of the following five

triglyceride �150 mg/dL; (3) high-density lipoprotein cholesterol (men <40 mg/dL and w
�100 mg/dL.

b Multiple imputation was implemented for missing values.
c Hyperlipidaemia, stroke, myocardial infarction, angina pectoris and diabetes were co
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less in a month’, ‘1~4 times a month’, ‘2~3 times a week’ or ‘4 or
more times a week’) and days of vigorous-intensity exercise per
week were considered as lifestyle factors. These lifestyle factors,
including dietary intake, have been well-established as factors
associated with the risk of MetS.29,30

A body of research has indicated that MetS could be consid-
ered as a common denominator for numerous diseases. There-
fore, this study included the following comorbidities:
hyperlipidaemia, stroke, myocardial infarction, angina pectoris
and diabetes. Participants were categorised as having ‘0’, ‘1’ or ‘2
or more’ comorbidities. CES-D-20 score (<16 ¼ ‘none/minimal’;
16e20 ¼ ‘mild’; 21e25 ¼ ‘moderate’; and >25 ¼ ‘severe’) was
also included as a covariate based on previous research, which
showed that depressive symptoms were related to an increased
risk of MetS.31,32 BMI was included as a continuous variable
because it is a major anthropometric factor of the current
metabolic status of participants.33 Total cholesterol was also
included as a continuous variable, as it has been widely used for
MetS risk assessment.34,35

Statistical analyses

Following statistical guideline, Chi-squared tests and t-tests
were used to examine the general characteristics of the study
847) Metabolic syndromea

Yes (n ¼ 111) No (n ¼ 731)

% or SD N or mean % or SD N or mean % or SD

±1.0 1.4 ±1.0 1.5 ±0.9
(13.8%) 21 (18.9%) 96 (13.0%)
(33.4%) 33 (29.7%) 250 (34.0%)
(32.8%) 43 (38.7%) 235 (31.9%)
(20.0%) 14 (12.6%) 155 (21.1%)
±51.7 46.2 ±52.0 50.4 ±51.7
±40.9 48.7 ±44.2 39.7 ±40.3
(80.5%) 91 (82.0%) 591 (86.7%)
±11.9 53.6 ±13.0 40.6 ±10.8
±78.4 85.9 ±72.5 99.8 ±79.3
(17.5%) 30 (27.0%) 118 (16.0%)
(21.7%) 32 (28.8%) 152 (20.7%)
(29.6%) 24 (21.6%) 227 (30.8%)
(31.2%) 25 (22.5%) 239 (32.5%)
±5.7 1.7 ±7.9 1.4 ±5.3

(28.5%) 42 (37.8%) 199 (27.0%)
(19.6%) 19 (17.1%) 147 (20.0%)
(36.7%) 35 (31.5%) 276 (37.5%)
(10.2%) 11 (9.9%) 75 (10.2%)
(5.1%) 4 (3.6%) 39 (5.3%)
±1.8 1.3 ±2.0 1.1 ±1.7
±8.1 25.9 ±7.8 25.1 ±8.1
(10.5%) 9 (8.1%) 80 (10.9%)
(19.7%) 14 (12.6%) 153 (20.8%)
(26.6%) 38 (34.2%) 187 (25.4%)
(43.2%) 50 (45.0%) 316 (42.9%)
±6.0 26.1 ±6.9 22.5 ±5.7
±37.3 192.1 ±39.8 173.9 ±36.4

(85.0%) 69 (62.2%) 651 (88.5%)
(11.1%) 26 (23.4%) 68 (9.2%)
(3.9%) 16 (14.4%) 17 (2.3%)

iation.
criteria were met: (1) waist circumference (men �90 cm, women �85 cm); (2) high
omen <50 mg/dL); (4) hypertension �130/85 mm Hg; and (5) high fasting glucose

nsidered as comorbidities.



D.W. Lee, H.S. Lee, S.G. Kim et al. Public Health 221 (2023) 208e215
population.36 Frequencies and relative percentages were calcu-
lated for the categorical variables. Mean and standard deviation
values were calculated for the continuous variables. Multivari-
able logistic regression analysis was used to estimate the odds
ratios (ORs) and 95% confidence intervals (CIs). To select an
optimal model, the Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC) and �2 log likelihood, the most
prevalent model selection criteria, were used.37 A lower AIC, BIC
or �2 log likelihood score indicated a better fit compared with
the other candidate models. The crude model estimated the
bivariate association between the number of transit countries
and MetS. Model 1 was additionally adjusted for period of def-
ection and residence in South Korea from the Crude Model.
Model 2 was additionally adjusted for sex, age and monthly
household income from Model 1. Model 3 was additionally
adjusted for lifestyle factors and health status from Model 2. The
Table 2
Odds ratio for metabolic syndrome and number of transit countries.

Characteristic Metabolic syndromea

Crude model

aOR 95% CI

Number of transit countries
3 2.42 (1.17e5.00
2 1.46 (0.76e2.83
1 2.03 (1.07e3.84
0 (arrived directly) 1.00
P for trend 0.097

Period from defection to arrival in South Korea (per month)
Period of residence in South Korea (per month)
Sex
Men
Women

Age (years)
Average monthly household income, 10,000₩₩
>100
50e100
<50
Not answered

Pack-year of smoking
Alcohol drinking frequencyc

Never had in last 1 year
Once or less in a month
1e4 times a month
2e3 times a week
�4 times a week

Days of vigorous-intensity exercise (a week)c

CES-D-20 score (0e60)
None/minimal (<16)
Mild (16e20)
Moderate (21e25)
Severe (>25)

Body mass index (kg/m2)
Total cholesterol (mmol/L)
Number of comorbiditiesd

0
1
�2

Model fitness
AIC 657.99
BIC 676.95
�2 Log Likelihood 649.99

AIC, Akaike Information Criterion; aOR, adjusted odds ratio; BIC, Bayesian Information C
confidence interval; TSH, thyroid-stimulating hormone.

a A participant was considered to haveMetS when three ormore of the following five cr
triglyceride �150 mg/dL, (3) high-density lipoprotein cholesterol (men <40 mg/dL, wo
�100 mg/dL.

b Model 1, adjusted for defection-related characteristics; Model 2, adjusted for Model
related characteristics.

c Multiple imputation was implemented for missing values.
d Hyperlipidaemia, stroke, myocardial infarction, angina pectoris and diabetes were co
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results showed that Model 3 had the best goodness-of-fit,
including all of the foregoing covariates. Subgroup analyses
were also performed for the period from defection until arrival in
South Korea, the duration of residence in South Korea, sex and
age group. In addition, this study also identified which compo-
nents of MetS were most correlated with the exposures. All the
statistical tests were two tailed, and a P-value of <05 was
considered to be significant. The analyses were performed using
SAS version 9$4 software (Cary, NC).

Ethical approval

Approval of the study was obtained from the Institutional
Review Board of Korea University Medical Center (approval
number: ED08023), and all participants provided written
informed consent.
Model 1b Model 2b Model 3b

aOR 95% CI aOR 95% CI aOR 95% CI

) 2.43 (1.18e5.02) 2.79 (1.28e6.08) 2.66 (1.16e6.10)
) 1.40 (0.73e2.71) 1.52 (0.75e3.10) 1.32 (0.57e3.04)
) 1.90 (1.00e3.60) 1.84 (0.91e3.69) 1.65 (0.75e3.64)

1.00 1.00 1.00
0.093 0.043 0.078
1.00 (0.99e1.00) 1.00 (0.99e1.00) 1.00 (0.99e1.00)
1.01 (1.00e1.01) 1.00 (1.00e1.01) 1.00 (1.00e1.01)

1.00 1.00
1.59 (0.87e2.90) 1.57 (0.73e3.37)
1.09 (1.07e1.11) 1.07 (1.04e1.10)

1.39 (0.75e2.58) 1.60 (0.83e3.10)
0.86 (0.44e1.72) 1.03 (0.46e2.29)
0.82 (0.42e1.60) 0.96 (0.45e2.06)
1.00 1.00

1.01 (0.97e1.06)

1.00
0.73 (0.38e1.39)
0.97 (0.54e1.72)
1.18 (0.52e2.68)
0.72 (0.17e3.06)
0.97 (0.85e1.11)

1.00
0.98 (0.38e2.54)
1.62 (0.67e3.92)
1.58 (0.71e3.54)
1.12 (0.72e1.74)
1.01 (1.00e1.01)

1.00
1.57 (0.72e3.41)
3.08 (1.16e8.18)

656.95 560.35 550.43
685.40 612.51 664.23
644.95 538.35 502.43

riterion; CES-D-20, 20-item Center for Epidemiologic Studies Depression Scale; CI,

iteria weremet: (1) waist circumference (men�90 cm andwomen�85 cm), (2) high
men <50 mg/dL), (4) hypertension �130/85 mm Hg, and (5) high fasting glucose

1 and sociodemographic characteristics; Model 3, adjusted for Model 2 and health-

nsidered as comorbidities.
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Results

Characteristics of the 847 NKR participants living in South Korea
are presented in Table 1. The study population included 682 (80.5%)
women, and the mean age of participants was 42.3 (±11.9) years.
Only 117 participants (13.8%) had defected to South Korea by tran-
siting three countries. The mean period from defection until arrival
in South Korea was 49.99 (±51.7) months, and the mean duration of
residence in South Koreawas 40.9 (±40.9) months. In total, 111 NKRs
(13.1%) had MetS. There was a different distribution for those with
and without MetS according to their age, sex, income, health-related
characteristics (pack-year of smoking, alcohol drinking frequency,
days of vigorous-intensity exercise, depressive symptoms, BMI, total
cholesterol and number of comorbidities), defection process (num-
ber of transit countries, period from defection to arrival in South
Korea) and period of residence in South Korea.

Table 2 summarises the associations between the number of
transit countries during the defection process and MetS in different
models, sequentiallyadjustedby theother covariates. Comparedwith
NKRs who arrived directly in South Korea, those who transited a
greater number of countries had a higher OR for MetS with marginal
tendency (P for trend <0.078, Model 3). There was a significant as-
sociation between the number of transit countries and MetS with an
adjustedOR (aOR: 2.66, 95%CI: 1.16e6.10) inModel 3.Older age (aOR:
1.069, 95% CI: 1.043e1.096) and two for more comorbidities (aOR:
3.075, 95% CI: 1.156e8.183) had significant associations with MetS.

Table 3 presents the results of the stratified analysis for the
association between traumatic experiences during defection and
MetS by defection period before arrival in South Korea (above and
below the median number of months), residence period in South
Korea (above and below the median number of months), sex and
age group (above and below the median age). The association be-
tween the number of transit countries andMetS increased for NKRs
who had a longer period of defection (>32.4 months), albeit a
marginal statistical significance (transited three countries: aOR:
4.86, 95% CI: 0.89e26.60; two countries: aOR: 4.47, 95% CI:
0.91e22.02). Furthermore, for NKRs who had a longer period of
defection, the higher the number of transited countries, the more
likely they were to have MetS (P for trend ¼ 0.031). However, the
association between traumatic experiences during defection and
MetS was stronger for NKRs who had settled in South Korea for a
shorter period (aOR: 3.42, 95% CI: 1.15e10.21). Any noticeable dif-
ferences in the association between traumatic experiences during
Table 3
Odds ratio for metabolic syndrome and the number of transit countries, stratified by med
South Korea, sex and age group.

Characteristics n Number of transit countries

3 2

aOR 95% CI aOR 95

Period from defection to arrival in South Korea (months)
Median or below (�32.43) 426 3.30 (0.92e11.82) 0.54 (0
Above median (>32.43) 421 4.86 (0.89e26.60) 4.47 (0

Period of residence in South Korea (months)
Median or below (�25.56) 424 3.42 (1.15e10.21) 1.25 (0
Above median (>25.56) 423 2.70 (0.80e9.14) 1.56 (0

Sex
Men 165 5.14 (0.57e46.38) 0.88 (0
Women 682 2.65 (1.05e6.69) 1.52 (0

Age group (years)
Median or below (�41) 443 1.56 (0.22e11.20) 1.71 (0
Above median (>41) 404 3.14 (1.16e8.56) 1.18 (0

aOR, adjusted odds ratio; CI, confidence interval.
Adjusted for period from defection to arrival in South Korea, period of residence in South
drinking frequency, days of vigorous-intensity exercise, 20-item Center for Epidemiolog
comorbidities.
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defection and MetS were not observed based on sex because there
was no statistical significance, although men had a higher likeli-
hood of MetS. NKRs aged >41 (median) years also had a higher
association between the number of transit countries and MetS
(aOR: 3.14, 95% CI: 1.16e8.56).

MetS componentespecific association with number of transit
countries is shown in Fig. 1. Among the five components of MetS,
elevated fasting plasma glucose had a significant association when
NKRs transited one or three (but not two) countries on their way to
South Korea.

Discussion

The primary objective of this study was to investigate the
empirical association between traumatic experiences during defe-
ction and MetS among NKRs. The degree of traumatic experiences
was measured by the number of countries NKRs transited and the
period of defection. The study revealed that a higher number of
transit countries had a significant association with the prevalence
of MetS; this result was consistent across different analytical
models. Furthermore, the association was found to be stronger if
NKRs had a longer duration of defection, a shorter duration of
residence in South Korea and if NKRs were older. Among the
components of MetS, a higher fasting glucose level showed a
stronger association with traumatic experiences during defection.
These findings align with previous studies that have indicated an
increased risk of metabolic diseases among military veterans or
refugees who have experienced traumatic events.12,13,17,38

As a result of the defection process and the related traumatic ex-
periences, NKRs exhibit a higher prevalence of physical and mental
healthproblemsbefore their arrival in SouthKorea.3,4,19 Furthermore,
their health status and socio-economic status are significantly lower
compared with the South Korean population.1,6,19 These characteris-
tics of the NKR population are similar to those of other vulnerable
minority groups, including military veterans or refugees from other
countries, who have experienced severe traumatic events. Consid-
ering the substantial evidence indicating a higher risk ofMetS in such
vulnerable populations, it can be concluded that there is a significant
association between trauma and the development of MetS. Previous
research has established that trauma contributes to deteriorating
health conditions, with stress being implicated as the primary path-
ogenic factor, particularly impactingmetabolic diseases.17,18,39 From a
behavioural psychology perspective, stressful experiences render
ian groups of period from defection to arrival in South Korea, period of residence in

1 0 (arrived directly) P for trend

% CI aOR 95% CI aOR

.17e1.70) 1.71 (0.57e5.16) 1.00 0.405

.91e22.02) 3.15 (0.66e14.94) 1.00 0.031

.43e3.57) 2.26 (0.76e6.76) 1.00 0.147

.51e4.78) 1.40 (0.48e4.10) 1.00 0.122

.09e8.67) 3.91 (0.46e33.48) 1.00 0.490

.57e4.04) 1.63 (0.65e4.10) 1.00 0.080

.33e8.73) 1.91 (0.38e9.47) 1.00 0.751

.41e3.36) 1.62 (0.62e4.21) 1.00 0.093

Korea, sex, age, average monthly household income, pack-year of smoking, alcohol
ic Studies Depression Scale score, body mass index, total cholesterol and number of



Fig. 1. Odds ratio for each component of metabolic syndrome and the number of transit countries. (a) Adjusted for sociodemographic characteristics, anthropometric measure-
ments, biochemical measurements, disease status. (b) Adjusted for Model 1 and other components of metabolic syndrome. A participant was considered to have MetS when three or
more of the following five criteria were met: (1) waist circumference (men �90 cm, women �85 cm); (2) high triglyceride �150 mg/dL; (3) high-density lipoprotein cholesterol
(men <40 mg/dL, women <50 mg/dL); (4) hypertension �130/85 mm Hg; and (5) high fasting glucose �100 mg/dL.
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individuals more susceptible to chronic distress, which can lead to
unhealthyhabits and lifestyle choices, suchaspoordiet andsedentary
behaviours, ultimately increasing the risk of diseases such as MetS
and cardiovascular disease.39 On a biochemical level, chronic stress
induced by traumatic experiences can trigger overeating, simulta-
neous elevation of cortisol, insulin and fat angiogenesis, as well as
suppression of certain anabolic hormones, all ofwhich can contribute
to metabolic dysfunction.18,40
213
Non-adherence to prescribed medication or self-medication
among NKRs is a significant issue in the management of metabolic
diseases. The NKR population often holds different perspectives and
values regarding medical treatment, making it challenging for
healthcare providers to effectively address their needs.41,42 In addi-
tion, NKRs’ experience of living in other countries for several months
or years before relocating to South Korea has led to a reliance on self-
medication.41 The difficulty in medication treatment among NKRs
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could exacerbate the association between traumatic experiences
during defection and an increased risk of MetS.

Overall, previous studies have consistently identified unhealthy
lifestyles and diets as prominent risk factors for MetS. Therefore, it is
crucial to provide appropriate support programmes for cultural
adaptation and nutrition education for NKRs. This study observed
that NKRs who had been residing in South Korea for a shorter period
exhibited a stronger correlation between traumatic experiences and
the development of MetS. This may be because of the fact that NKRs
who have gone through multiple countries and have not yet fully
adapted to South Korea (due to a shorter period of adjustment) are
more prone to adopting unhealthy lifestyles, such as poor dietary
habits and non-compliance with medical treatment, leading to
metabolic problems. In other words, the association between the
extent of traumatic experiences and MetS implies not only a health
problem but also, from a broader perspective, difficulties in adap-
tation that NKRs face in relation to South Korean society and lifestyle.

This study has several limitations. First, the NORNS data are
non-representative of all NKRs living in South Korea, as it initially
recruited NKRs aged �30 years residing in Seoul, the capital city of
South Korea. In addition, no statistical sampling methods were
used for the study participants, which may introduce a selection
bias in the findings related to health. However, it has been reported
that approximately one-third of the NKR population resides in
Seoul.19 Second, with the exceptions of medical examinations for
anthropometric measurements, blood pressure, atherosclerosis
and various biochemical measurements, the other data were self-
reported. As a result, there may be a recall bias in certain major
variables that heavily rely on memory, such as periods of defection.
Third, there were no questions that specifically captured the type
and severity of traumas experienced by NKRs, or their medication
status. Fourth, certain analyses could not be combined because of
the small size of the study population. Consequently, subgroup
analysis was used by categorising the groups based on median
values. In addition, data on thyroid-stimulating hormone and free
thyroxine 4 could not be included because of a large number of
missing values. However, this study attempted to analyse the
maximum possible number of study participants by using multiple
imputation for several lifestyle variables. Fifth, because the study
had a cross-sectional design, it was not possible to infer causal
relationships. Nonetheless, it is important to emphasise that the
findings of this study provide meaningful evidence regarding the
trauma experienced by NKRs and its persistence, even after their
arrival in South Korea, as well as its negative impact on their
metabolism. Future studies would benefit from longitudinal data
with a sufficiently large study population to confirm the causal
mechanisms linking traumatic experiences to previously identified
or newly revealed health problems.

Policy implications

In general, it is crucial to prioritise policy interventions for
vulnerable population groups. Considering that NKRs in South
Korea belong to a socio-economically vulnerable population, it is
necessary to enable them to lead a normal social life as valued
members of society. In particular, adequate social support from the
government and society is needed to provide continuous oppor-
tunities for their adaptation to the unfamiliar environment in South
Korea. The policy implications of this study are significant, as it
highlights that the psychological stress experienced during the
process of defection among NKRs could potentially lead to meta-
bolic health problems, which can have a significant impact on
disease burden and quality of life. Therefore, it may be necessary to
consider providing appropriate mental and healthcare support to
NKRs during their adaptation to life in South Korea.
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Conclusions

The number of countries transited by NKRs during the defection
process and the duration of their transit were considered as quasi-
measurements of traumatic experience, and they were found to be
associated with the probability of MetS. Further studies are
required to validate the association between chronic stress and
MetS while also exploring the potential biological pathways linking
migration and MetS. In addition, considering the social vulnera-
bility of NKRs and its impact on health problems, it is crucial to
provide appropriate support from the government and society.
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