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Background: The number of North Korean refugees entering South Korea is rising. Few studies have investigated 
the risk of non-communicable disease in North Korean refugees. Moreover, kidney insufficiency, a risk factor for 
cardiovascular disease, has not been studied in this population. We compared the prevalence of non-
communicable disease and kidney function in North Korean refugees and South Koreans.
Methods: Our study was conducted using a case-control design. We enrolled 118 North Korean refugees from the 
Hana Center and selected 472 randomly sampled South Korean individuals as controls, who were age- and sex-
matched with the North Korean refugees in a ratio of 1:4, from the 2014 Korea National Health and Nutrition 
Examination Survey database.
Results: The prevalence of non-communicable disease did not differ significantly between the groups; however, a 
low estimated glomerular filtration rate (eGFR; <90 mL/min per 1.73 m2) was more prevalent in the North Korean 
refugees than in the South Korean population (52.1% vs. 29.9%, P<0.001). After adjusting for covariates and weight 
gain after escape, the prevalence of a low eGFR was associated with the length of residence in South Korea (odds 
ratio, 2.84; 95% confidence interval, 1.02–7.89).
Conclusion: The prevalence of non-communicable disease did not differ between North Korean refugees and the 
South Korean population, while a low eGFR was more prevalent in North Korean refugees than in South Koreans. 
Moreover, after adjusting for other covariates, the prevalence of a low eGFR in North Korean refugees was 
associated with the length of residence in South Korea.
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INTRODUCTION

Cardiovascular disease (CVD) is the main cause of mortality and mor-

bidity in most parts of the world.1) Consequently, methods for estimat-

ing the risk of CVD are needed to reduce both its incidence and dis-

ease burden. Decreased kidney function is an independent risk factor 

for CVD,2) and is correlated with cardiovascular mortality and morbid-

ity.3,4)

	 Immigrants to Western countries are often at high risk for CVD.5) In-

vestigations have found that individuals who migrate to countries that 

are more industrialized and wealthier than their birth country are 

more prone to non-communicable diseases (NCD) than the host pop-

ulation as a result of changes in lifestyle, such as diet and physical ac-

tivity.6) However, there are some limitations due to ethnic differences 

between immigrants and the host population.

	 Korea was an ethnically homogeneous nation for over 5,000 years 

and has been divided into North and South Korea for 70 years. South 

Korea is one of the most developed countries in the world, whereas 

North Korea has experienced economic hardship.7) Since the 1990s, an 

increasing number of North Koreans (NK) have fled their country be-

cause of severe food deprivation, due in turn to economic failures and 

natural disasters.7) Most NK refugees seek asylum in China or South 

Korea. The number of NK refugees in South Korea reached 29,543 in 

June 2016.8) Most of the previous health-related studies focusing on 

these refugees have focused on their mental health,9) growth status,10) 

and infectious diseases, such as tuberculosis and hepatitis.11) In com-

parison, few studies have investigated risk factors for CVD in NK refu-

gees. To our knowledge, only one previous cohort study examined 

NCD in NK refugees.12) Moreover, renal insufficiency, a known risk fac-

tor for CVD, has not been examined in this population.

	 Therefore, this study compared the prevalence of NCD and CVD 

risk factors, including renal insufficiency, between NK refugees and a 

South Koreans (SK), which are ethnically homogenous, and investi-

gated the factors related to renal insufficiency in NK refugees.

METHODS

1. Study Subjects
A case-control study was performed. The cases were NK refugees and 

the controls were SK individuals. NK refugees were recruited from 

among those registered at the Hana Center in Gwangju between May 

and June 2014. There are 23 Hana Centers (government run 

resettlement centers) throughout South Korea that provide practical 

and specific aid required by NK refugees. Of the 569 NK refugees 

registered at the Hana Center in Gwangju, 138 agreed to participate in 

our study. Of those, 20 were excluded because no blood sample was 

available (n=18) or they refused to complete the survey (n=2); 

consequently, 118 NK refugees were enrolled in the study (19 males, 

99 females). The SK subjects were sampled randomly and age- and 

sex-matched with the NK refugees in a ratio of 1:4 from the 2014 Korea 

National Health and Nutrition Examination Survey (KNHANES) 

database, a cross-sectional, nationally representative survey with a 

multistage, stratified sampling design conducted by the Korea Centers 

for Disease Control and Prevention. The study protocol was reviewed 

and approved by the Institutional Review Board of Chosun University 

Hospital (IRB approval no., Chosun 2014-04-014-005). Informed con-

sent was obtained from all subjects. In total, 590 subjects (118 NK refu-

gees, 472 SK people) were enrolled in our study.

2. Measurements
Trained examiners interviewed patients using a questionnaire that in-

cluded items on smoking status, alcohol intake, physical activity, his-

tory of medications for diabetes, hypertension, and hyperlipidemia, 

weight gain since exiting North Korea, and length of residence in North 

Korea, in a third country, and in South Korea. Smoking status was 

based on self-reported cigarette use: never-smokers had smoked fewer 

than 100 cigarettes in their lifetime, and participants who had smoked 

100 or more cigarettes were classified as past or current smokers based 

on their current smoking habits. Alcohol intake was assessed accord-

ing to the participants’ drinking behavior during the month before the 

interview. Physically active was indicated as ‘yes’ when the participant 

performed moderate or strenuous exercise on a regular basis (less 

than 30 minutes at a time more than 5 times a week for moderate exer-

cise and more than 20 minutes at a time more than 3 times a week for 

strenuous exercise) or walked more than 30 minutes at a time than 5 

times a week.

	 Weight was measured to the nearest 0.1 kg while the subjects were 

dressed in light clothing. Height was measured to the nearest 0.1 cm in 

stocking feet. Body mass index (BMI) was calculated as weight in kg 

divided by the square of height in meters. Waist circumference was 

measured using a flexible tape at the narrowest point between the low-

est rib and the uppermost lateral border of the right iliac crest. General 

obesity was defined as BMI ≥25.0 kg/m2 and abdominal obesity was 

defined as waist circumference ≥90 cm in men and ≥85 cm in women. 

Blood pressure was measured after the subject had rested for 5 min-

utes in a sitting position. Three readings each of systolic and diastolic 

blood pressure were recorded, and the average value of the second 

and third readings was used in the analyses. Hypertension was defined 

as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 

mm Hg, or taking antihypertensive medication. Blood samples were 

drawn from an antecubital vein following a 12-hour overnight fast, se-

rum was separated within 30 minutes, and the samples were stored at 

–70°C until analysis. Fasting blood glucose levels were measured using 

enzymatic methods and evaluated using an automated analyzer 

(Model 7600 Chemical Analyzer; Hitachi, Tokyo, Japan). Diabetes was 

defined as fasting serum glucose ≥126 mg/dL or taking insulin or oral 

diabetes medication, and hyperlipidemia was defined as total choles-

terol >240 mg/dL, triglycerides >200 mg/dL, or high-density lipopro-

tein (HDL) cholesterol <40 mg/dL.

	 Kidney function was assessed according to the estimated glomeru-

lar filtration rate (eGFR), calculated using the Modification of Diet in 

Renal Disease formula13) as follows: 186.3×(serum creatinine−1.154)× 
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(age−0.203) [×0.742 if female] with the serum creatinine concentration 

expressed in mg/dL. Low eGFR was defined as eGFR <90 mL/min per 

1.73 m2, based on reports that even a mildly reduced eGFR was associ-

ated with CVD.14) Urinary albumin and creatinine concentrations were 

measured using a turbidimetric immunoassay and the Jaffe method 

with a Hitachi-7600 analyzer (Hitachi). Albuminuria was defined ac-

cording to the albumin/creatinine ratio (ACR), which was calculated 

by dividing the urinary albumin concentration (mg) by the urinary cre-

atinine concentration (mg).

3. Statistical Analyses
The results are expressed as mean±standard deviation or as percent-

ages for categorical variables. After applying the Kolmogorov–Smirnov 

test to assess the normality of distributions, non-normally distributed 

data were log-transformed before the analysis. Student t-tests or chi-

square were used to compare data of NK refugees and the SK partici-

pants, who were age- and sex-matched with the NK refugees in a ratio 

of 1:4 from the KNHANES database. Multiple logistic regression analy-

sis was performed to assess the prevalence of low eGFR in NK refu-

gees. Weight gain since migrating from North Korea and length of resi-

dence in North Korea, in a third country, and in South Korea were re-

corded dichotomously by the median value of each variable. Model 1 

was adjusted for sex, age, waist circumference, smoking status, alcohol 

intake, physical activity, diabetes, hypertension, hyperlipidemia, albu-

minuria, and length of residence in South Korea. Model 2 was also ad-

justed for weight gain since escape, and length of residence in North 

Korea and in a third country. The SPSS ver. 15.0 (SPSS Inc., Chicago, 

IL, USA) was used to conduct the statistical tests, and P-values <0.05 

were considered statistically significant.

RESULTS

1. General Characteristics of North Korean Refugees and 
South Korean Participants

Table 1 shows the characteristics of the NK refugees and SK partici-

pants enrolled in the study. Height, weight, waist circumference, phys-

ical activity, systolic blood pressure, diastolic blood pressure, fasting 

glucose, hemoglobin A1c, triglycerides, HDL cholesterol levels, eGFR, 

and ACR were lower in NK refugees than in SKs. BMI was higher in NK 

refugees than in SKs. In NK refugees, weight gain since migrating from 

North Korea was 5.6±8.0 kg and the length of residence in North Korea, 

in a third country, and in South Korea was 34.4±11.8, 5.3±4.6, and 

6.7±2.9 years, respectively.

2. Comparison of Disease Status between North Korean 
Refugees and South Korean Participants

Table 2 shows the disease status of the NK refugees and SKs. The rate 

of general obesity was significantly higher in NK refugees than in SK 

Table 1. Characteristics of North Korean refugees and South Koreans

Characteristic North Korean refugees South Korean people P-value

Total no. 118 (20.0) 472 (80.0)
Male 19 (16.1) 76 (16.1)
Age (y) 44.4±11.8 44.3±11.8 0.379*
Height (cm) 154.4±7.5 160.1±7.5 <0.001*
Weight (kg) 57.7±9.2 59.9±10.8 0.048*
Body mass index (kg/m2) 24.2±3.2 23.3±3.5 0.010*
Waist circumference (cm) 74.4±7.9 78.4±9.7 <0.001*
Smoking 14 (11.9) 61 (13.0) 0.103
Alcohol intake 84 (71.2) 350 (74.3) 0.281
Physically active† 8 (6.8) 67 (14.4) 0.015
Systolic blood pressure (mm Hg) 104.7±17.2 111.9±13.8 <0.001*
Diastolic blood pressure (mm Hg) 65.8±11.5 73.9±9.6 <0.001*
Hypertensive medication 14 (11.9) 64 (13.6) 0.761
Fasting glucose (mg/dL) 75.8±16.5 97.8±23.2 <0.001*
Hemoglobin A1C 5.3±0.4 5.6±0.7 <0.001*
Diabetes medication 5 (4.2) 30 (6.4) 0.514
Total cholesterol (mg/dL) 182.7±38.0 187.9±33.5 0.083*
Triglycerides (mg/dL) 85.1±106.7 125.5±117.4 <0.001*
High-density lipoprotein cholesterol (mg/dL) 52.1±10.6 55.6±13.0 0.012*
Estimated glomerular filtration rate (mL/min per 1.73 m2) 88.6±15.4 99.7±17.4 <0.001*
Albumin creatinine ratio (mg/mg creatinine) 12.4±28.3 15.3±103.5 0.020*
Weight gain from escape (kg) 5.6±8.0
Length of residence in North Korea (y) 34.4±11.8
Length of residence in a third country (y) 5.3±4.6
Length of residence in South Korea (y) 6.7±2.9

Values are presented as number (%) or mean±standard deviation.
*P-value for log-transformed data. †Subjects who performed 30 minutes or more of moderate activity at least 5 days a week or 20 minutes of vigorous physical activity at least 
3 days a week or walked more than 30 minutes at a time more than 5 times a week were regarded as doing physical activity.
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individuals (36.8% versus 26.7%, P=0.031). However, the prevalence of 

abdominal obesity was lower in NK refugees than in SKs (7.7% versus 

18.4%, P=0.005). Low eGFR was more prevalent in NK refugees than in 

SKs (52.1% versus 29.9%, P<0.001). We found no significant between-

group differences in hypertension, diabetes, hyperlipidemia, or albu-

minuria.

3. Distribution of North Korean Refugees and South Korean 
Participants according to the Estimated Glomerular 
Filtration Rate

Figure 1 shows the distribution of the NK refugees and SKs according 

to the eGFR based on a previous study.14) A higher percentage of NK 

refugees had an eGFR <90 mL/min per 1.73 m2, whereas a higher per-

centage of SK people had an eGFR ≥90 mL/min per 1.73 m2 (eGFR 

<60: NK refugees 0.9%, SKs 0.2%; eGFR 60–74: NK refugees 18.8%, SKs 

4.7%; eGFR 75–89: NK refugees 32.5%, SKs 25.0%; eGFR 90–104: NK 

refugees 32.5%, SKs 36.4%; and eGFR ≥105: NK refugees 15.4%, SKs 

33.7%).

4. Comparison of Characteristics according to Estimated 
Glomerular Filtration Rate in North Korean Refugees

Table 3 shows the characteristics of NK refugees according to the 

eGFR. Age, systolic blood pressure, diastolic blood pressure, fasting 

glucose, and length of residence in North Korea were significantly 

higher in those with eGFR <90 mL/min per 1.73 m2 than with eGFR 

≥90 mL/min per 1.73 m2.

5. Odds Ratio for Low Estimated Glomerular Filtration Rate 
Prevalence among North Korean Refugees

The odds ratios (ORs) for low eGFR prevalence among NK refugees 

are shown in Table 4. After adjusting for covariates (sex, age, waist cir-

cumference, smoking, drinking, physical activity, hypertension, diabe-

tes, hyperlipidemia, albuminuria, and the length of residence in South 

Korea), the prevalence of low eGFR was significantly associated with 

the length of residence in South Korea (OR, 2.53; 95% confidence in-

terval [CI], 1.03–6.21). After also adjusting for weight gain since escape, 

and length of residence in North Korea and in a third country, the as-

sociation between low eGFR and length of residence in South Korea 

remained significant (OR, 2.84; 95% CI, 1.02–7.89).

DISCUSSION

We compared the prevalence of NCD and low eGFR in NK refugees 

with that of the SK individuals. The prevalence of abdominal obesity 

was lower in NK refugees and the prevalence of NCD did not differ be-

tween groups; however, low eGFR was more prevalent in NK refugees 

than in SKs. Moreover, after adjusting for other covariates, the preva-

lence of low eGFR in NK refugees was associated with the length of 

residence in South Korea.

	 Previous studies have investigated the effects of immigration/seek-

ing refuge on an individual’s health by comparing the health status of 

immigrants/refugees with that of the host population. They have re-

ported that individuals who migrate to more industrialized countries 

had a higher incidence of coronary heart disease than the host popu-

lation as a result of acculturation.15,16) However, there were some limi-

tations to these studies because of the ethnic differences between the 

immigrants and host population. In the present study, it was possible 

to assess the effects of immigration/seeking refuge without any influ-

ence of genetic differences by comparing the health status of NK refu-

gees and SK people, who are ethnically homogenous. SK people were 

randomly sampled from the KNHANES database, a nationally repre-

sentative survey. Comparing SK people with individuals in the 2014 

KNHANES database (2,516 males, 3,381 females), the SK people were 

younger (44.3±11.8 versus 51.9±17.0 years), included fewer males 

(16.1% versus 42.7%), and had a lower eGFR <90 mL/min per 1.73 m2 

(29.9% versus 40.4%) than the average subject in the 2014 KNHANES 

database.

	 The rate of obesity, as defined by the BMI, was significantly higher in 

the NK refugees than in SKs (36.8% versus 26.7%, P=0.031). However, 

the prevalence of abdominal obesity, as measured by waist circumfer-

Table 2. Comparison of disease status between North Korean refugees and South 
Koreans

Variable
North Korean 

refugees
South Korean 

people
P-value

General obesity* 43 (36.8) 126 (26.7) 0.031
Abdominal obesity† 9 (7.7) 87 (18.4) 0.005
Hypertension 20 (17.1) 76 (16.1) 0.445
Diabetes 5 (4.2) 34 (7.2) 0.171
Hyperlipidemia 27 (23.1) 109 (23.1) 0.552
Estimated glomerular filtration rate 
   <90 mL/min per 1.73 m2

61 (52.1) 141 (29.9) <0.001

Albumin creatinine ratio 
   >30 mg/mg creatinine

9 (7.7) 31 (6.6) 0.397

Values are presented as number (%).
*Body mass index ≥25.0 kg/m2. †Waist circumference ≥90 cm in men or ≥85 cm in 
women.

%
o

f
n

o
.

<60 60 74 75 89 90 104 >105

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

eGFR (mL/min per 1.73 m )
2

0.0

North Korean refugees

South Korean people

0.9 0.2

18.8

4.7

32.5

25.0

32.5

36.4

15.4

33.7

Figure 1. Distribution of the North Korean refugees and South Koreans according to 
the eGFR. eGFR, estimated glomerular filtration rate.
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ence, was lower in the NK refugees than in the SKs (7.7% versus 18.4%, 

P=0.005). Because BMI can be readily calculated using height and 

weight data, it has been widely used as a measure of obesity; however, 

this measure has shortcomings. First, BMI is a poor measure in short 

subjects because short stature modifies the relationship between BMI 

and the prevalence of co-morbidities associated with obesity.17) More-

over, universal BMI criteria are not suitable for the different Asian pop-

ulations.18) Indeed, it has been reported that waist circumference is a 

Table 3. Comparison of characteristics according to eGFR level in North Korean refugees

Characteristic
eGFR (mL/min per 1.73 m2)

≥90 <90 P-value

Total no. 57 (48.3) 61 (51.7)
Male 9 (16.1) 10 (16.4) 0.962
Age (y) 40.6±9.1 49.8±12.5 <0.001*
Height (cm) 153.5±7.1 155.2±7.8 0.235*
Weight (kg) 56.2±7.5 59.1±10.4 0.137*
Body mass index (kg/m2) 23.9±3.0 24.5±3.3 0.340*
Waist circumference (cm) 73.4±7.2 75.2±8.5 0.267*
Smoking 8 (14.3) 6 (9.8) 0.459
Alcohol intake 44 (78.6) 40 (65.6) 0.119
Physically active† 4 (7.1) 4 (6.6) 0.900
Systolic blood pressure (mm Hg) 101.2±15.0 107.9±18.5 0.046*
Diastolic blood pressure (mm Hg) 63.6±11.6 67.8±11.1 0.034*
Hypertensive medication 11 (18.0) 3 (5.4) 0.046
Fasting glucose (mg/dL) 72.7±11.5 78.7±19.8 0.034*
Hemoglobin A1c 5.3±0.3 5.4±0.5 0.183*
Diabetes medication 3 (4.9) 2 (3.6) 0.719
Total cholesterol (mg/dL) 177.1±36.2 188.0±39.1 0.116*
Triglycerides (mg/dL) 85.8±137.7 84.5±68.0 0.569*
High-density lipoprotein cholesterol (mg/dL) 50.6±9.7 53.5±11.2 0.156*
Albumin creatinine ratio (mg/mg creatinine) 10.1±14.4 14.5±36.7 0.963*
Weight gain from escape (kg) 5.3±7.6 5.9±8.4 0.366*
Length of residence in North Korea (y) 30.1±9.3 38.6±12.4 <0.001*
Length of residence in third country (y) 5.6±4.3 5.0±4.9 0.088*
Length of residence in South Korea (y) 6.1±2.6 7.2±3.1 0.093*

Values are presented as number (%) or mean±standard deviation.
eGFR, estimated glomerular filtration rate.
*P-value for log-transformed data. †Subjects who performed 30 minutes or more of moderate activity at least 5 days a week or 20 minutes of vigorous physical activity at least 
3 days a week or walked more than 30 minutes at a time more than 5 times a week were regarded as doing physical activity.

Table 4. Odds ratio for low estimated glomerular filtration rate prevalence among North Korean refugees

Variable
Model 1 Model 2

OR (95% CI) P-value OR (95% CI) P-value

Sex (female, male) 0.57 (0.06–5.78) 0.633 0.84 (0.07–10.08) 0.892
Age (continuous) 1.08 (1.03–1.13) 0.001 1.08 (1.00–1.17) 0.051
Waist circumference (continuous) 1.00 (0.94–1.06) 0.975 1.02 (0.95–1.10) 0.593
Smoking (smoker, non-smoker) 0.42 (0.03–5.54) 0.512 0.55 (0.04–8.00) 0.664
Alcohol drinking (drinking, non-drinking) 0.69 (0.23–2.04) 0.503 0.64 (0.20–2.12) 0.469
Physically active (active, non-active) 0.64 (0.13–3.23) 0.585 1.17 (0.16–8.80) 0.879
Hypertension (yes, no) 2.90 (0.71–11.88) 0.139 4.86 (0.83–28.32) 0.079
Diabetes (yes, no) 0.39 (0.04–3.74) 0.414 0.40 (0.03–4.62) 0.461
Hyperlipidemia (yes, no) 0.61 (0.19–1.90) 0.389 0.46 (0.12–1.70) 0.243
Albuminuria (yes, no) 0.89 (0.13–5.99) 0.903 2.11 (0.17–26.44) 0.564
Weight gain from escape (≥4.5, <4.5 kg) 0.88 (0.29–2.70) 0.825
Length of residence in North Korea (≥33 y, <33 y) 1.00 (0.21–4.70) 0.999
Length of residence in third country (≥5 y, <5 y) 0.47 (0.16–1.39) 0.173
Length of residence in South Korea (≥5 y, <5 y) 2.53 (1.03–6.21) 0.043 2.84 (1.02–7.89) 0.045

Model 1: adjusted by sex, age, waist circumference, smoking, drinking, physical activity, hypertension, diabetes, hyperlipidemia, albuminuria, and length of residence in South 
Korea; model 2: adjusted by model 1 plus length of residence in North Korea, weight gain from escape, and length of residence in third country.
OR, odds ratio; CI, confidence interval.
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better predictor of coronary heart disease and type 2 diabetes than 

BMI.19)

	 Studies of immigrants in Western countries have found that the 

prevalence rates of obesity and NCD are lower in immigrants than in 

the host population, the so-called ‘healthy immigrant effect’.20) In line 

with these studies, we found that measures of NCD, such as waist cir-

cumference, blood pressure, fasting glucose, hemoglobin A1c, and tri-

glyceride levels, were lower in NK refugees than in the SK individuals. 

However, one should not conclude that the CVD risk is lower in NK 

refugees. Moreover, the development of a CVD prevention policy for 

NK refugees is important for several reasons. First, our study partici-

pants were refugees rather than ordinary immigrants, and as such, 

may have experienced a more burdensome migration because the 

process is often initiated by factors that drive the individual out of their 

country of origin.15) A study found that refugees had higher all-cause 

and CVD mortality than family-reunified immigrants.21) Second, al-

though the prevalence of abdominal obesity was lower in NK refugees 

than in the SK participants, we found no between-group difference in 

the prevalence of NCD, and a higher prevalence of low eGFR, which 

indicates NK refugees might be more vulnerable to CVD. Third, NK 

refugees are in the lowest socioeconomic bracket in South Korea22) and 

therefore have restricted access to healthcare services.23)

	 We found that low eGFR was more prevalent in NK refugees than in 

SK individuals. Assessment of immigrant health must consider the fact 

that their health is the result of risk factors accumulated over a lifetime, 

including the migration process before, during, and after immigra-

tion.24) NK refugees suffered from food shortages in North Korea,25) and 

in other countries such as China.26) Chronic malnutrition may reduce 

the glomerular filtration rate and alter the glomerular and tubular 

composition; these effects may persist after nutritional recovery, par-

ticularly in children.27) Migration involves major changes that alter so-

cial, familial, and work arrangements and cause economic disruption, 

which may lead to mental stress.15,28) Moreover, refugees are likely to 

have experienced serious stressors, such as war, torture, loss of family 

and friends, and long asylum procedures.15) Such psychological stress-

ors increase sympathetic nervous system activity and inflammatory 

cytokine levels,28) which may impair kidney function.

	 Studies have shown that factors related to adaptation and integra-

tion into a new social and cultural environment may influence behav-

ioral and CVD risk factors.16) In a study of United States immigrant 

subgroups, length of residence in the United States was associated 

with a higher BMI.6) In the Multi-Ethnic Study of Atherosclerosis,29) the 

authors demonstrated that higher acculturation was associated with 

worse kidney function in Hispanics, and this might have been mediat-

ed by health behavior (but not by comorbidities).

	 However, our findings had some discrepancies. Despite the lack of a 

difference in NCD prevalence between the groups, and lower abdomi-

nal obesity in NK refugees, low eGFR was associated with the length of 

residence in South Korea. Although it is challenging to explain these 

discrepancies, there is a plausible explanation: the NK refugees might 

already have had a history of impaired kidney function while in North 

Korea because of malnutrition and mental stress. A longer residence 

in South Korea, behavioral changes such as reduced physical activity, 

and a diet higher in sodium, might further reduce kidney function be-

fore the onset of obesity. The refugees in our study had resided in 

South Korea for an average of 6.7±2.9 years and previous evidence 

suggests that, 15 years after migration, the prevalence of obesity in im-

migrants is similar to that in the host population.6) In addition, NK ref-

ugees often rely on processed and fast-food meals, which frequently 

have a high salt content30) because they lack a primary meal preparer.22) 

Consequently, they consume 3.8 g of sodium per day according to one 

study, which is higher than the World Health Organization recom-

mendation (<2.0 g per day).22) Higher sodium intake is associated with 

a decline in eGFR in individuals with preserved kidney function.31) 

Nevertheless, this finding might be a residual effect of insufficient ad-

justment for covariates or other variables that we did not measure.

	 The primary strengths of our study lie in the fact that NK refugees 

and SK people are ethnically homogenous, so it is possible to evaluate 

the effects of immigration/seeking refuge without considering genetic 

differences. However, several study limitations should also be consid-

ered. First, we used a cross-sectional design. Second, we did not obtain 

a direct measurement of glomerular filtration rate. Although inulin 

clearance is the gold standard, it was not feasible in a large epidemio-

logical study. Third, we were unable to obtain detailed data on the 

medications used by the participants. Fourth, we were unable to ob-

tain health-related data during their life in North Korea and after their 

escape from North Korea. Finally, because of the small number of NK 

refugees in our study, our results might reflect low statistical power. 

Further prospective studies are required to fully evaluate the associa-

tion between low eGFR and related factors among NK refugees.

	 In conclusion, the prevalence of NCD did not differ between NK ref-

ugees and SK individuals. However, low eGFR was more prevalent in 

NK refugees than in SKs. Moreover, after adjusting for other covariates, 

the prevalence of low eGFR in NK refugees was associated with the 

length of residence in South Korea.
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