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Abstract
PurposeNorth Koreans could be at higher risk for their bone health because of previous periods of severe famine and the continuing low availability of food. This study determined the bone mineral density (BMD) status and its relationship with dietary behaviors and nutrient intake of North Korean refugees (NKR) in South Korea (SK).

MethodsThis cross-sectional study analyzed 110 female NKR from a NORNS cohort of a non-probability sample of adult NKR in Seoul. BMD examined by DEXA was used to divide participants into the normal group (NG) and the non-normal group (NNG) according to the WHO guideline. A self-administered questionnaire included questions on age, the socioeconomic situation in North Korea (NK) and SK, the food security in NK and SK, and the health behaviors, dietary behaviors, and food frequency questionnaire administered in SK. A one-day 24-hr recall was conducted and the results were analyzed by using CanPro. SPSS was used to analyze whether BMD and related dietary behaviors and nutrient intakes differed according to the groups.

ResultsNG (62.7%) was significantly younger and had a lower abdominal obesity score than NNG (p < 0.001). While 14.5% of NG reported experiencing menopause, all of NNG reported experiencing menopause. The NG more frequently consumed the dairy group of foods (9.6 times a week) than did the NNG (4.8 times a week) after the statistics were adjusted for age (p < 0.007). The NG consumed significantly more animal protein and animal calcium than did the NNG (p = 0.01, p = 0.009, respectively). Calcium intake was low with 49.3% of NG, and 78.0% of the NNG reported consuming calcium lower than the estimated average requirement. Only calcium showed an index of nutrient quality lower than one in both groups.

ConclusionThese results showed that NKR women and possibly all North Korean women are at high risk for bone health and they consumed low levels of bone-related nutrients, and this should be considered for the nutrition policy for NKR and North Korea.
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[image: Table  ]Table 1

Bone mineral density and general characteristics of adult female North Korean refugees in South Korea1) Normal group: T-score ≥ −1 or Z-score > −2.0
2) Non-normal group: T-score < −1 or Z-score ≤ −2.0
3) Frequency (%)
4) Mean ± SD
5) Student's T-test
6) Fisher's exact test
7) NK: North Korea
8) Chi-square test
9) SK: South Korea
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[image: Table  ]Table 2

Health and health behaviors of adult female North Korean refugees in South Korea1) Frequency (%)
2) Mean ± SD
3) Student's T-test
4) Fisher's exact test
5) Chi-square test
6) Practicing vigorous physical activity for longer than 10 minutes per session, for longer than 20 minutes total per day, more than three times per week
7) Have smoked more than 100 cigarettes and currently smoking
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[image: Table  ]Table 3

Food security in South and North Korea experienced by adult female North Korean refugees in South Korea1) Frequency (%)
2) HFIAS: Household Food Insecurity Access Scale
3) Mean ± SD
4) Student's T-test
5) Fisher's exact test
6) Chi-square test
7) Food secure by KNHANES question: “Sufficient amount, diverse food” + “sufficient amount, limited variety”
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[image: Table  ]Table 4

Dietary behaviors in South Korea of adult female North Korean refugees in South Korea1) Frequency (%)
2) %: {(number of respondents without breakfast one day before) + (number of respondents without breakfast two day before)}/ {(number of respondents for breakfast one day before) + (number of respondents for breakfast two day before)} * 100
3) Chi-square test
4) Fisher's exact test
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[image: Table  ]Table 5

Weekly consumption frequency of adult female North Korean refugees in South Korea1)1) Frequency (%)
2) Mean ± SD
3) Student's T-test
4) p-values adjusted for age using general linear model (GLM)
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[image: Table  ]Table 6

Energy and nutrient intake of adult female North Korean refugees in South Korea1) Freuqency (%)
2) Mean ± SD
3) Student's T-test
4) p-values adjusted for age (for energy intake) and energy intake (for nutrients intake) using general linear model (GLM)
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[image: Table  ]Table 7

Comparison of energy and nutrient intake against KDRI1) among adult female North Korean refugees in South KoreaOINC, overall insufficient nutrient consumption; OCEF, over consumption of energy and fat
1) KDRI: Korea Dietary Reference Intake, 2015
2) Frequency (%)
3) Chi-square test
4) Fisher's exact test
5) p-values adjusted for age (for energy intake) and energy intake (for nutrients intake) using multiple logistic regression with normal bone mineral density group as reference and insufficient energy and nutrients consumption (energy intake is under 75% EER and intakes of calcium, iron, vitamin A, vitamin C, and vitamin B2 under EAR)
6) Proportion of respondents whose energy intake is under 75% EER and intakes of calcium, iron, vitamin A, vitamin C, and vitamin B2 under EAR
7) Proportion of respondents whose intake of energy and fat is over 125% EER and adequate range
8) Proportion of respondents whose intake of sodium is over 2 g a day
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[image: Table  ]Table 8

Index of Nutrient Quality1) of adult female North Korean refugees in South Korea1) Nutrient intake amount per 1,000 kcal/recommended nutrient intake per 1,000 kcal
2) Frequency (%)
3) Mean ± SD
4) Student's T-test
5) p-values adjusted for age using general linear model (GLM)
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