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Abstract

This study assessed the nutritional status of children and adolescents from North Korean
refugee (NKR) families who have settled and are living in South Korea (SK). Among the 547
individuals who participated in the study, 526 were ultimately included after excluding 21
with missing height or weight data. Their nutritional status was estimated using the 2017
Korean National Growth Charts for children and adolescents. Stunting, underweight, wast-
ing, and obesity were defined as a height-for-age z-score < -2.0, weight-for-age z-score

< -2.0, weight-for-height z-score < -2.0, and body mass index z-score > 2.0, respectively.
The overall prevalence of stunting, underweight, wasting, and obesity was 7.0%, 6.8%,
5.3%, and 9.1%, respectively. Meanwhile, the prevalence of stunting, underweight, wasting,
and obesity was 5.4%, 7.0%, 7.6%, and 10.3% for individuals settled in SK for <5 years and
6.1%, 6.1%, 0.0%, and 13.3% for those living in SK for >5 years, respectively. Therefore,
children and adolescents from NKR families experience the double burden of malnutrition
and obesity.

Introduction

Research on the health of migrants who have migrated from developing countries to developed
countries is still ongoing [1,2]. However, the nutritional status and growth of children from
migrant families is a poorly studied area. More than 30,000 North Korean refugees (NKRs)
have entered South Korea (SK) since the 1990s owing to food shortage [3]. However, due to
the special and complex reasons of NKRes, it is not known how many children of NKRs are cur-
rently growing up in SK.

Previous studies on NKRs have primarily focused on their settlement in SK [4,5], with rela-
tively little research on their health and nutritional statuses. Furthermore, research on the
health or nutritional statuses of NKRs has primarily focused on the period immediately after
migration to SK [6-9]. To the best of our knowledge, only two studies have investigated the
changes in the nutritional status of these individuals after settling in SK [10,11]. However,
given that both studies included very few NK children and excluded those born in SK, only
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limited number of children and adolescents from NKR families have been evaluated for their
nutritional status.

Therefore, the present study was conducted to evaluate the extent to which the nutritional
status of children and adolescents from NKR families, including children born in SK, has
improved.

Materials and methods
Subjects

This study included children and adolescents (aged <8 years) belonging to NKR families who
have settled and are living in SK. The birth background of children and adolescents in NKR
families can be divided into several categories [12], including those who were born in NK but
have escaped NK and have entered SK; those who were born in a third country after one of the
parents escaped from NK and subsequently entered SK; and those were born in SK after a par-
ent settled in SK. Trained researchers explained the purpose of the study to the parents of
these children and adolescents who were recruited through regional Hana Center, alternative
schools, NGOs, etc. A survey was conducted from September 2017 to December 2019 using a
structured questionnaire that included items on country of birth, duration of settlement,
nationality of birth father and mother. Among the 547 children and adolescents who partici-
pated in this study, 21 were excluded due to missing height and weight data. Ultimately, 524
participants (275 males and 249 females) were included in this study. The institutional review
board of Chosun University approved the study protocol (no. 2-1041055-AB-N-01-2017-
0025), and written informed consent was obtained from participant’s aged more than 7 years
and from the parents of those aged less than 7 years.

Measures

Sex, age, country of birth, duration of settlement in SK, and nationality of the birth mother
and father were determined. Height was measured using the mobile InKids height meter
(InLab S50, InBody Co., Ltd., Seoul, Korea), which can measure heights of up to 200.0 cm at
0.1-cm intervals. Weight was measured using the CAS HE-58 scale (CAS, Gyeonggi-do,
Korea), which provides measurements at 0.1-kg intervals. Body mass index (BMI) was calcu-
lated as the weight of the subject in kilograms divided by their height in meters squared.

Nutritional status

The Korea Centre for Disease Control and Prevention and Korea Paediatrics Society devel-
oped the 2017 Korean National Growth Charts for children and adolescents [13] using the
World Health Organization child growth standard [14] for children less than 3 years of age
and data from the National Anthropometric Survey of 1997 (NAS1997) and 2005 (NAS2005)
for those aged 3-18 years. The height-for-age (HAZ), weight-for-age (WAZ), weight-for-
height (WHZ), and BMI-for-age (BMIZ) z-scores for each participant were calculated using
the 2017 Korean National Growth Charts for children and adolescents.

Statistical analysis

Statistical analysis was performed using the SPSS 23.0 software (IBM Co., Armonk, NY, USA).
Categorical variables are presented as frequency and percentage and continuous variables as
mean and standard deviation (SD). Stunting was defined as HAZ < -2 SD, underweight as
WAZ < -2 SD, wasting as WHZ < -2 SD [15], and obesity as BMIZ > 2SD [16].
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Table 1. Characteristics of the study subjects.

Parameter Total Male Female P-value

Number 526 (100.0) 276 (52.5) 250 (47.5)
Age (years) 11.1+£54 10954 11.2+5.4 0.547
Height (cm) 138.3 £29.6 140.3 £ 31.4 136.2 £27.3 0.108
Weight (kg) 40.3 £20.3 419+21.8 38.6 £18.3 0.062
BMI (kg/mz) 194 £ 4.1 195+ 4.1 19.2+£4.0 0.417
HAZ -0.20 £1.32 -0.16 £1.21 -0.24 £ 1.42 0.516
WAZ -0.03£1.34 -0.05+1.41 -0.01 £1.26 0.749
WHZ 0.29 £ 1.51 0.21 £1.52 0.38 £ 1.50 0.217
BMIZ 0.08 £ 1.46 0.06 £ 1.54 0.10 £ 1.36 0.796
Country of birth 0.005

South Korea 193 (37.5) 100 (36.6) 93 (38.4)

North Korea 86 (16.7) 33(12.1) 53(21.9)

China 235 (45.6) 140 (51.3) 95 (39.3)

Others 6(1.2) 3(L1) 3(1.2)
Duration of settlement 42+34 42+33 4.1 +3.6 0.981

<5 years 185 (65.4) 96 (65.3) 89 (65.4)

>5 years 98 (34.6) 51 (34.7) 47 (34.6)
Nationality of birth mother 0.194

South Korea 12 (2.3) 7 (2.6) 5(2.0)

North Korea 503 (96.5) 266 (97.1) 237 (96.0)

China 6(1.2) 1(0.4) 5(2.0)
Nationality of birth father 0.003

South Korea 112 (21.6) 57 (21.0) 55 (21.0)

North Korea 137 (26.4) 55 (20.2) 82 (33.3)

China 265 (51.2) 158 (58.1) 107 (43.5)

Others 4(0.8) 2(0.7) 2(0.8)

Values are presented as number (%) or mean + standard deviation.
HAZ; Height-for-age z-score, WAZ; Weight-for-age z-score, WHZ; Weight-for-height z-score, BMIZ; BMI-for-age z-score.

https://doi.org/10.1371/journal.pone.0241963.t001

Results
Subject characteristics

The characteristics of the study subjects are summarized in Table 1. Among the participants,
52.5% were male and 47.5% were female, with a mean age of 132.9 + 65.2 months. The mean
HAZ, WAZ, WHZ, and BMIZ were —0.20 + 1.32, —0.03 £ 1.34, 0.29 + 1.51, and 0.08 + 1.46,
respectively. Among the participants, 45.6%, 37.5%, and 16.7% were born in China, SK, and
NK, respectively. With regard to the duration of settlement in SK, 65.4% were settled in SK for
<5 years, whereas 34.6% were settled in SK for >5 years.

Prevalence of stunting, underweight, wasting, and obesity

As shown in Table 2, the prevalence of stunting, underweight, wasting, and obesity was 7.0%,
6.8%, 5.3%, and 9.1% respectively. On the other hand, the prevalence of stunting, underweight,
wasting, and obesity was 6.9%, 8.3%, 6.2%, and 11.2% in males and 7.2%, 5.2%, 4.4%, and 6.8%
in females, respectively.
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Table 2. Prevalence of stunting, underweight, and wasting.

Total Male Female P-value
Stunting 37 (7.0) 19 (6.9) 18 (7.2) 0.887
Underweight 36 (6.8) 23 (8.3) 13(5.2) 0.155
Wasting 28 (5.3) 17 (6.2) 11 (4.4) 0.359
Obesity 48 (9.1) 31(11.2) 17 (6.8) 0.078

Values are presented as number (%).

Stunting is defined as a height-for-age z-score of <-2.0.
Underweight is defined as a weight-for-age z-score of <-2.0.
Wasting is defined as a weight-for-height z-score of <-2.0.
Obesity is defined as a BMI-for-age z-score of >2.0.

https://doi.org/10.1371/journal.pone.0241963.t002

Prevalence of stunting, underweight, wasting, and obesity according to the
duration of settlement in SK

The prevalence of stunting, underweight, wasting, and obesity according to the duration of set-
tlement is summarized in Table 3. Accordingly, the prevalence of stunting, underweight, wast-
ing, and obesity was 5.4%, 7.0%, 7.6%, and 10.3% among individuals who had settled for <5
years and 6.1%, 6.1%, 0.0%, and 13.3% among those who had settled for >5 years, respectively.
Furthermore, among those born in SK, the prevalence of stunting, underweight, and wasting
was 8.3%, 6.7%, and 7.8%, respectively.

Prevalence of stunting, underweight, and wasting among subjects born in
NK before and after 2000

The prevalence of stunting, underweight, and wasting among individuals born in NK before
and after 2000 is presented in Fig 1. Accordingly, the prevalence of stunting, underweight, and
wasting was 15.6%, 12.5%, and 6.3% among those born in NK before 2000 and 11.1%, 5.6%,
and 0.0% among those born in NK after 2000, respectively.

Discussion

The present study evaluated the nutritional status of 526 children and adolescents in NKR fam-
ilies who had settled and are living in SK. Our results showed that the prevalence of stunting,

Table 3. Prevalence of stunting, underweight, and wasting according to the duration of settlement in SK.
Country of birth P-value
North Korea or others South Korea

Duration of settlements

<5 years >5 years
Stunting 10 (5.4) 6(6.1) 16(8.3) 0.516
Underweight 13 (7.0) 6(6.1) 13(6.7) 0.959
Wasting 14 (7.6) 0 (0.0) 13(6.8) 0.024
Obesity 19 (10.3) 13 (13.3) 15(7.8) 0.323

Values are presented as number (%).

Stunting is defined as a height-for-age z-score of <-2.0.
Underweight is defined as a weight-for-age z-score of <-2.0.
Wasting is defined as a weight-for-height z-score of <-2.0.
Obesity is defined as a BMI-for-age z-score of >2.0.

https://doi.org/10.1371/journal.pone.0241963.t003
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Fig 1. Prevalence of stunting, underweight, and wasting among individuals born in North Korea before and after
2000.

https://doi.org/10.1371/journal.pone.0241963.g001

underweight, and wasting among our participants was 7.0%, 6.8%, and 5.3%, respectively, with
obesity also having been observed at a prevalence of 9.1%.

Most previous studies have evaluated the nutritional status of NKRs using health data
immediately after entering SK, such as Hanawon health data [6-9]. As a result, severe growth
retardation and the malnutrition status of NKRs were reported. Although many nutritional
evaluations have been conducted in individuals immediately after they have entered SK, few
studies have evaluated how their nutritional statuses have changed since they settled in SK. To
the best of our knowledge, only two studies have assessed the changes in their nutritional status
after settling in SK. In one study with 103 NKRs aged 12-24 years, the researchers compared
them with sex- and age-matched 309 SK individuals [10]. They reported that NKRs had settled
in SK for approximately 2 years, but they still were significantly shorter and leaner than SK
subjects. Another study [11] investigated 70 NKRs aged 6-15 years who had settled in SK for
approximately 2 years. Compared with Hanawon health data immediately after entering SK,
their nutritional status showed improvement from 11.4% to 5.7% for stunting and 14.3% to
1.4% for underweight after settling in SK for approximately 2 years. Similarly, the present
study found an improvement in nutritional status as the duration of settlement in SK
increased, with the prevalence of underweight and wasting being 7.0% and 7.6% among indi-
viduals who had settled for less than 5 years and 6.1% and 0.0% among those who had settled
for more than 5 years, respectively. Despite this improvement, their nutritional status is still
considered serious. Even among children and adolescents in NKR families who were them-
selves born in SK, 8.3% exhibited stunting, 6.7% were underweight, and 6.8% had wasting. In
such cases, malnutrition could not simply be attributed to the duration of settlement in SK but
rather to the low socio-economic position of NKR families [17]. A previous study demon-
strated that 51.4% and 41.4% of NKR reported being food insecure and severely food insecure,
respectively [11]. In addition, we compared the nutritional status of children born before and
after 2000, when the food shortage in North Korea was the worst. Our data showed that the
prevalence of stunting, underweight, and wasting was 15.6%, 12.5%, and 6.3% among individ-
uals born in NK before 2000 and 11.1%, 5.6%, and 0.0% among those born in NK after 2000,
respectively (Fig 1).

One previous study using Hanawon data for NKRs who entered SK between 2009 and 2010
revealed that none of the children had a weight higher than the 97™ percentile [9]. However,
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the present study showed that the prevalence of obesity in NKR families was 9.1%. Moreover,
another study reported that the prevalence of obesity was 1.4% using Hanawon data, which
subsequently increased to 5.7% after settling in SK for approximately 2 years [11]. Shortly after
NKRs entered SK, only malnutrition has remained a major health problem [9]. However, the
prevalence of obesity has been increasing as the settlement period increases. Children and ado-
lescents in NKR families who have settled and are living in SK now face the “double burden”
of both under- and overnutrition [18]. Researchers have compared the nutritional intake status
of NKR children aged 6-18 years with data for SK children from the 2009-2010 Korean
National Health and Nutrition Examination Survey, randomly matched for age and gender.
Their results showed that NKR children had higher rates of fat intake than SK children [19].
Insufficient food intake in early life may alter metabolic processes, possibly decreasing the use
of fat as an energy source, thereby resulting in its accumulation in the body [20] and the
increased risk of obesity [21,22]. Therefore, it is important to continuously assess the status of
overweight and obesity as well as that of inadequate nutrition among children in NKR
families.

One limitation of the present study was that the participants had not been randomized to
children and adolescents in NKR families. As a result, the results cannot be generalized to all
children and adolescents in NKR families. Moreover, no detailed information regarding
household income and parents’ education levels was available, which could affect the nutri-
tional statuses of children and adolescents. Nevertheless, this study remains significant consid-
ering that it provides data regarding the nutritional statuses of children and adolescents in
NKR families who have entered and settled in SK.

Conclusion

The present results demonstrate that children and adolescents in NKR families experience the
double burden of malnutrition and obesity.
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