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Strengths and limitations of this study

 ► We compared the prevalence of osteoporosis be-
tween North Korean women refugees and age- 
matched/menopausal status- matched South Korean 
women of same ethnicity but with different environ-
mental factors.

 ► This is the first qualitative study using dual- energy 
X- ray absorptiometry to identify the bone health sta-
tus of North Korea women refugees living in South 
Korea.

 ► All the confounding factors associated with osteopo-
rosis were not included in this study.

 ► Our analysis, restricted to relatively small portion of 
North Korean women refugees, minimise the rep-
resentativeness of the entire North Korean women 
population.

AbStrACt
Objective To investigate the prevalence of osteoporosis 
among North Korean women refugees when compared 
with South Korean women, who have identical genetic 
backgrounds but experience different environments.
Design Comparative cross- sectional study.
Setting North Korean Refugee Health in South Korea 
(NORNS) study in South Korea.
Participants We evaluated 122 North Korean women 
who participated in NORNS study and 366 age- matched/
menopausal status- matched South Korean women 
from the Korea University Medical Center (KUMC) health 
examination cohort. The median age of the NORNS 
participants was 46 years (IQR, 40–60 years) with 52 
women (42.6%) being postmenopausal.
results Among the postmenopausal women, NORNS 
participants had a higher body mass index and number 
of pregnancies and lower physical activity than the KUMC 
participants. The overall prevalence of osteoporosis was 
48% (25/52) and 17% (27/156) in NORNS and KUMC 
participants, respectively. The bone mineral density (BMD) 
values at the lumbar spine, femur neck and total hip were 
significantly lower in postmenopausal NORNS women than 
in the postmenopausal KUMC women. Old age, low body 
weight and late age of menarche were associated with low 
BMD among the postmenopausal North Korean refugees. 
In premenopausal participants, the NORNS women had 
lower body weight and physical activity than the KUMC 
women at baseline. All the NORNS women had normal 
Z- scores, although the BMD at the lumbar spine was 
significantly lower in NORNS women than in the KUMC 
women (0.952 vs 1.002 g/cm2, p<0.001).
Conclusions Osteoporosis is a prevalent health problem 
in postmenopausal North Korean women refugees living 
in South Korea. It is conceivable to prepare vigilant 
countermeasures for bone health deterioration in this 
growing population, especially for postmenopausal 
women. Further research is warranted to determine the 
cause of the differences between participants of the same 
ethnic group.

IntrODuCtIOn
Osteoporosis is one of the most common 
health problems in an aged society, 

particularly among older women, leading 
to fractures that are closely associated with 
morbidity and mortality.1–3 Early detection 
and risk management can reduce the oste-
oporosis incidence and prevent fractures. 
Environmental factors, such as malnu-
trition, current smoking status, alcohol 
consumption, physical inactivity and medi-
cations such as corticosteroids in addi-
tion to inherent factors like older age and 
female sex, are well- known risk factors for 
osteoporosis.4–7 Moreover, recent epide-
miological studies have demonstrated that 
Asian women immigrants have a high preva-
lence of osteoporosis and low bone mineral 
density (BMD). In a study of 73 premeno-
pausal Chinese immigrant women living 
in Denmark, their BMD was significantly 
lower than that of the general population of 
premenopausal Danish women.8 Similarly, 
Marquez et al reported that immigrants 
from Southeast Asia had a lower BMD than 
that of white residents living in Minnesota, 
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Figure 1 Study design.

USA.9 However, previous studies were not sufficient to 
distinguish whether the lower BMD between the two 
groups was due to the environmental factors, including 
immigration itself, or ethnicities. In this context, how 
the environmental factors influence the bone health in 
an immigration population of the same ethnicity has 
not been clearly elucidated.

The Korean peninsula has been the only divided country 
in the world since 1945. In the subsequent decades, South 
and North Korea have experienced stark differences in 
politics, economics and culture. North Korea has expe-
rienced severe poverty due to its economic deterioration 
and global sanctions10; therefore, most North Korean 
refugees who left North Korea and resettled in South 
Korea have experienced penury and malnutrition.11 12 
Moreover, we previously reported a high prevalence of 
vitamin D deficiency in North Korean refugees that has 
been well documented for its role in the maintenance of 
bone health.13 14

In the present study, we evaluated the prevalence of 
osteoporosis in North Korean women refugees compared 
with that in South Korean women, who are of the same 
ethnicity but who have encountered completely different 
socioeconomic environments. Furthermore, we anal-
ysed the associated risk factors for osteoporosis in North 
Korean women refugees.

MethODS
Participants and study design
The North Korean Refugee Health in South Korea 
(NORNS) study, which started in October 2008 and is 
still ongoing, aimed to evaluate the medical health and 
disease status of North Korean refugees in South Korea. 
The NORNS study is a longitudinal study consisting of 
two parts, the first and the second surveys, which followed 
the same participants as the first survey approximately 3.5 
years later. The NORNS study included interviews, struc-
tural surveys, physical examinations and blood samples in 
both the first and second surveys, however, dual- energy 
X- ray absorptiometry (DXA) was only performed in the 
second survey. The entire study process was conducted 
in Anam Hospital at the Korea University Medical Center 
(KUMC) in Seoul. More specific details on the NORNS 
study design and general features have been published 
elsewhere.13 15

Figure 1 illustrates the study design. Age- matched 
and menopausal status- matched control subjects were 

randomly selected at a 1:3 ratio of cases to controls from 
the KUMC Anam Hospital Health Examination cohort 
to compare the prevalence of osteoporosis between 
North Korean women refugees (NORNS group) and 
South Korean women (KUMC group). Written informed 
consent was obtained from all participants. We used the 
Strengthening the Reporting of Observational Studies in 
Epidemiology reporting guidelines.16

Questionnaire and anthropometric measurements
General demographic data including age, sex, year of 
emigration from North Korea, year of entry into South 
Korea, menarche age and menopausal status as well as 
health- related lifestyle behaviours including smoking, 
alcohol consumption and physical activity were included 
in the questionnaire. Anthropometric measurements 
including height and body weight were conducted after an 
overnight fast. All the demographic and anthropometric 
measurements based on the results of the second survey 
were analysed in this study. For handling the missing data 
of questionnaire and anthropometric measurements, 
available- case analyses (also known as pairwise deletion) 
were used without additional data handing.

bMD measurements
BMD at the lumbar spine, left femur neck and total hip 
was measured in the NORNS and KUMC cohorts by 
DXA using the Hologic Discovery system (HOLOGIC, 
Waltham, Massachusetts, USA). BMD was expressed as 
the total bone mineral content (g) divided by the area 
(cm2). The lumbar spine BMD, T- score and Z- score were 
calculated as the mean values of the L1 through L4 spine. 
For premenopausal women, a race- adjusted Z- score ≤−2.0 
was considered to be below the expected range for their 
age group and a Z- score >−2.0 as within the expected 
range for their age group. For postmenopausal women, 
osteoporosis was defined as a T- score ≤−2.5 in at least one 
of the lumbar spine, left femur neck, and total hip; osteo-
penia as a T- score >−2.5 and <−1.0; normal as a T- score 
≥−1.0.17

Statistical analysis
We presented continuous data as mean and SD using 
the paired t- test for normally distributed variables and as 
medians and IQRs using Wilcoxon- Mann- Whitney tests 
for non- normally distributed variables. Categorical data 
are presented as frequencies and percentages and were 
analysed using X2 or Fisher’s exact tests for small case 
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numbers. BMD values between the NORNS and KUMC 
cohorts were compared using Wilcoxon signed- rank tests. 
Correlations between BMD and demographic, gynaeco-
logical and medical factors in the NORNS cohort were 
evaluated using a simple linear regression model. Finally, 
logistic regression analyses were used to investigate the 
risk factors for osteoporosis in postmenopausal women 
in the NORNS cohort. All reported p values were two 
sided and those <0.05 were considered statistically signifi-
cant. All analyses were performed using IBM SPSS Statis-
tics for Windows, V.20.0 (IBM) and GraphPad Prism V.7 
(GraphPad Software, San Diego, California, USA).

Patient and public involvement
Participants of this study or members of the public were 
not directly and personally involved with study design, 
data provision, analysis and publication of the study.

reSultS
baseline characteristics of the nOrnS and KuMC groups
Among the 122 North Korean refugees, 70 were premeno-
pausal women (57.4%) with a median age of 41.0 (IQR 
37.0–44.0) years and 52 were postmenopausal women 
(42.6%) with a median age of 62.5 (IQR 55.0–68.5) 
years. The median duration of living in South Korea was 
6.2 (IQR 4.2–9.0) years. Their baseline characteristics in 
comparison with that of KUMC participants according to 
menopause status are described in table 1. The NORNS 
premenopausal women had a significantly lower mean 
height (155.0±4.4 vs 161.0±5.2 cm, p<0.001) and body 
weight (53.2±6.7 vs 58.0±9.4 kg, p<0.001) than the KUMC 
premenopausal women, whereas no difference in body 
mass index (BMI) (22.1±2.3 vs 22.4±3.4 kg/m2, p=0.514) 
was observed between the two groups. However, the 
NORNS postmenopausal women had a lower height 
(153.1±4.8 vs 155.8±5.3 cm, p=0.002) and higher BMI 
(24.9±3.2 vs 23.4±2.8 kg/m2, p=0.002) than the KUMC 
postmenopausal women. There was no difference in body 
weight (57.8±7.5 vs 56.7±6.8 kg, p=0.320) between the two 
groups. The proportion of subjects engaged in physical 
activity for more than 5 hours per week was lower in both 
the NORNS premenopausal and postmenopausal women 
than in the KUMC premenopausal and postmenopausal 
women. All NORNS premenopausal women were never 
smokers, whereas 22 of 210 KUMC premenopausal 
women were ex- smokers/current smokers (p=0.006).

Comparison of bMD and osteoporosis prevalence between the 
nOrnS and KuMC groups
Table 2 shows the comparisons of BMD between the 
NORNS and KUMC groups. In premenopausal women, the 
lumbar spine BMD of the NORNS group was 0.952±0.10, 
whereas that of the KUMC group was 1.001±0.12, a signif-
icant difference (p<0.001). Femur neck and total hip 
BMD did not differ significantly between the two groups. 
However, in postmenopausal women, the BMD of the 

lumbar spine, femur neck, and total hip was consistently 
lower in the NORNS group than in the KUMC group.

All premenopausal participants in the NORNS group 
had normal Z- scores, whereas four premenopausal 
women in the KUMC group (1.9%, 4 of 210) had Z- scores 
below the expected range for their age group (p=0.575). 
However, the prevalence of osteoporosis was significantly 
higher in the postmenopausal NORNS group than that 
in the postmenopausal KUMC group (48.1% vs 17.3%) 
(table 3). The proportion of participants with a normal 
T- score was more than two times higher in the KUMC 
postmenopausal group (20.5%, 32 of 156) than that in the 
NORNS postmenopausal group (9.6%, 5 of 52). Figure 2 
demonstrates the proportion of participants with osteo-
porosis and osteopenia in the postmenopausal NORNS 
and KUMC groups, stratified by 10- year age categories. 
The prevalence of osteoporosis in the postmenopausal 
NORNS group was 35% (7 of 20), 52% (10 of 19) and 
67% (8 of 12) in participants aged 50–59, 60–69 and >70 
years, respectively. For postmenopausal KUMC women, 
the prevalence of osteoporosis in each age group was 
lower than that of the respective NORNS group (5%, 3 of 
60; 26%, 15 of 57; and 25%, 9 of 36 in those aged 50–59, 
60–69 and >70 years, respectively). None of the partici-
pants over 60 years in the NORNS group had a normal 
T- score.

risk factors associated with osteoporosis and low bMD in 
postmenopausal north Korean refugees
The risk factors associated with osteoporosis in the 
NORNS postmenopausal group, identified using multi-
variate logistic regression analysis, are shown in table 4. 
Lower body weight was the only significant risk factor of 
osteoporosis in this group. Older age and late menarche 
tend towards osteoporosis but no statistical significance, 
and duration of living in South Korea was not a risk 
factor of osteoporosis in this group. In addition, simple 
linear regression to determine the factors correlated with 
lumbar spine BMD in the postmenopausal NORNS group 
revealed that old age, low body weight and late menarche 
age were significantly associated with low BMD (figure 3). 
There was no association between the duration of living 
in South Korea and BMD.

DISCuSSIOn
This comparative cross- sectional study demonstrated that 
the prevalence of osteoporosis in postmenopausal North 
Korean refugees was significantly higher than that in age- 
matched postmenopausal South Korean women of the 
general population. BMD values at the lumbar spine, 
femur neck and total hip were significantly lower in post-
menopausal North Korean refugees than those in South 
Korean postmenopausal women. Low body weight was 
associated with osteoporosis and low BMD in the NORNS 
postmenopausal group.

Most of the postmenopausal women (92%, 48 of 52) in 
the NORNS group had endured the worst food shortage, 
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Table 2 Comparisons of BMD at the lumbar spine, femur neck and total hip between North Korean refugee women and South 
Korean women

Lumbar spine BMD
(g/cm2) P value

Femur neck BMD
(g/cm2) P value

Total hip BMD
(g/cm2) P value

Premenopausal

  NORNS (n=70) 0.952±0.10 <0.001 0.735±0.08 0.477 0.881±0.13 0.737

  KUMC (n=210) 1.001±0.12 0.741±0.10 0.884±0.10

Postmenopausal

  NORNS (n=52) 0.760±0.11 <0.001 0.610±0.10 <0.001 0.774±0.11 0.002

  KUMC (n=156) 0.861±0.12 0.653±0.09 0.808±0.10

Data are expressed as mean±SD.
BMD, Bone Mineral Density; KUMC, Korea University Medical Centre; NORNS, North Korea Refugee Health in South Korea.

Table 3 Prevalence of osteoporosis in North Korean 
women refugees and South Korean women

Premenopausal, n (%)

NORNS 
(n=70)

KUMC 
(n=210)

P value

Below the expected 
range (Z- score≤−2.0)

0 4 (1.9) 0.575

Within the expected 
range (Z- score≥2.0)

70 (100.0) 206 (98.1)

Postmenopausal, n (%)

NORNS 
(n=52)

KUMC 
(n=156)

P value

Normal (T- score≥−1.0) 5 (9.6) 32 (20.5) <0.001

Osteopenia (−2.5<T- 
score≤1.0)

22 (42.3) 97 (62.2)

Osteoporosis (T- 
score≤−2.5)

25 (48.1) 27 (17.3)

KUMC, Korea University Medical Center; NORNS, North Korea 
Refugee Health in South Korea.

the Arduous March, between 1996 and 2000 and in which 
more than 600 000 people in North Korea died of star-
vation.18 During this period, they could not obtain suffi-
cient nutrients, including protein, calcium and vitamin 
D, which have important roles in bone mineral acquisi-
tion. Although the actual nutritional status immediately 
after entering South Korea could not be evaluated due 
to restricted access authority, the youngest age at the 
time of escape from North Korea in the postmenopausal 
NORNS women was 35 years. This means that all post-
menopausal participants had experienced malnutrition 
during their childhood and early adulthood and reached 
their peak bone mass before leaving North Korea. We 
consider that this is one of the major reasons why post-
menopausal women were more vulnerable to osteopo-
rosis. Several studies have revealed that subjects who 
experience malnutrition during childhood and early 
adulthood are less likely to reach peak bone mass, leading 
to osteoporosis in later life.19–21 Our results are also in 

line with previous cohort studies demonstrating the nega-
tive effects of malnutrition and famine on bone health. 
Marcus et al reported a high prevalence of osteoporosis 
and osteopenia (55% and 40%, respectively) among 
Holocaust survivors who had experienced malnutrition 
during their childhood.22 Another study conducted in 
Hong Kong observed that past exposure to famine, espe-
cially in childhood, was associated with osteoporosis in 
postmenopausal women aged 65 years or older.23

Vitamin D has been well documented to play an 
important role in bone mineral metabolism via inter-
actions with calcium and parathyroid hormone.14 Our 
previous study with 366 North Korean refugees demon-
strated that the prevalence of vitamin D deficiency 
(25(OH)D<20 ng/mL) was 87%.13 In the present study, 
serum vitamin D levels were only obtained in 66 of 122 
NORNS participants (mean level of 15.0±4.3 ng/mL) 
and no subject had adequate vitamin D level (25(OH)
D≥30 ng/mL, data not shown). Further meticulous study 
regarding the vitamin D deficiency and osteoporosis is 
needed in the future.

We did not evaluate the relationships between well- 
known risk factors, such as smoking and physical inactivity, 
and osteoporosis in this study. Among 110 subjects who 
provided information about smoking, only two subjects in 
this group were current/ex- smokers. The small propor-
tion of subjects who were current/ex- smokers revealed 
no significant effect on osteoporosis. Because the level 
of physical activity was collected in a memory- recall ques-
tionnaire, it was difficult to obtain accurate data, particu-
larly in the older age group.

Previous immigration studies showed that the duration 
of living in the migrated country was associated with BMD. 
Wang et al reported that Chinese women who had migrated 
and lived in Denmark for more than 12 years had a signifi-
cantly higher BMD than those who had lived there for 
less than 12 years.8 Babbar et al also reported that Chinese 
women who had lived in New York for less than 10 years 
had a lower BMD than women who had lived in New York 
for more than 20 years.24 However, we did not observe a 
significant association between the duration of living in 
South Korea and osteoporosis. The median period of living 
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Figure 2 Proportion of subjects with osteoporosis, osteopenia and normal bone mineral density stratified by 10- year age 
groups in North Korean (A) and South Korean (B) postmenopausal women. NORNS, North Korean Refugee Health in South 
Korea; KUMC, Korea University Medical Center.

Table 4 Risk factors for osteoporosis in postmenopausal 
North Korean women identified by multivariate logistic 
regression analysis

Variables OR 95% CI P value

Age 1.35 0.98 to 1.86 0.063

Weight 0.84 0.74 to 0.95 0.007

Age at menarche 1.45 0.96 to 2.19 0.077

Age at escape from North 
Korea

0.82 0.64 to 1.06 0.129

Years living in South Korea 0.89 0.63 to 1.25 0.489
Figure 3 Simple linear regression between the lumbar spine 
bone mineral density (BMD) of postmenopausal North Korean 
women and age (A), body weight (B), menarche age (C) and 
duration of living in South Korea (D).

in South Korea in postmenopausal North Korean refugees 
(7.3 years; IQR 4.2–9.1 years) was relatively short compared 
with that in previous immigration studies, and less than 
20% of postmenopausal North Korean refugees (10 of 52) 
had lived in South Korea for more than 10 years. Another 
explanation is that the duration of living in South Korea 
itself may not be a risk factor or indicator of acculturation, 
but may simply provide the circumstances in which other 
risk factors cause health problems. Our previous study 
based on the NORNS cohort identified that excess weight 
gain, but not duration of residence in South Korea, was an 
independent risk factor for metabolic syndrome,25 making 
our hypothesis more plausible.

None of the premenopausal North Korean refugees 
had a Z- score below the expected range for their age 
group; however, the median BMD at the lumbar spine 
was significantly lower than that of the South Korean 
premenopausal women. A previous study reported that 
young North Korean refugees aged 12–24 years had a 
significantly lower daily intake of energy and most nutri-
ents, including protein and calcium, than that of general 
age- matched/sex- matched South Koreans.26 Our study 
also showed that premenopausal North Korean women 

had significantly lower body weight and less physical 
activity than did South Korean premenopausal women. 
These results imply that young North Korean refugees 
are at high risk for osteoporosis, indicating the impor-
tance of scrupulous screening and follow- up.

It is worth noting that the prevalence of osteopenia 
in the postmenopausal KUMC group was high (62.2%). 
A recent report from the Korean Society for Bone and 
Mineral Research demonstrated that the prevalence of 
osteopenia among women >50 years old was 48.9%.27 
These results indicate that osteopenia is also not a minor 
problem in South Korean postmenopausal women.

Several limitations of this study need to be acknowl-
edged. First, the relatively small number of participants 
may have reduced the power of the results and may not 
represent the entire population of female North Korean 
refugees living in South Korea. The NORNS study is 
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based on the voluntary participation of North Korean 
refugees living in the Seoul metropolitan area, and it 
has taken considerable time to recruit large sample sizes. 
Second, we collected information about their postmeno-
pausal status using self- reported questionnaires, which 
may have led to inaccuracy in the perimenopausal age 
group. Third, there is limited information regarding 
prior disease history that may affect the bone health of 
the KUMC control group.

Conclusions
This study reveals the high prevalence of osteoporosis in 
postmenopausal North Korean refugees living in South 
Korea compared with that in South Korean postmeno-
pausal women. Outreach efforts are needed in this commu-
nity to promote prevention, treatment and access to care, 
especially among those of older age, with low body weight, 
and in late menarche. Further longitudinal studies are 
needed to evaluate changes in bone health in this group.
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