
PEER REVIEW HISTORY 

BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) Vitamin D status and associated metabolic risk factors 
among North Korean refugees in South Korea: a cross-
sectional study 

AUTHORS Kim, Kyeong Jin; Kim, Yoon Jung; Kim, Sun Hwa; An, 
Jee Hyun; Yoo, Hye Jin; Kim, Hee Young; Seo, Ji A; 
Kim, Sin Gon; Kim, Nan Hee; Choi, Kyung Mook; Baik, 
Sei Hyun; Choi, Dong Seop; Kim, Nam Hoon; 

 

VERSION 1 - REVIEW 

REVIEWER Dr. Michael Holick 
Boston University Medical Center USA 

REVIEW RETURNED 27-Jul-2015 

 

GENERAL COMMENTS The authors used the term vitamin D levels in the manuscript 
when they mean 25-hydroxyvitamin D levels. This should be 
corrected throughout the manuscript since they did not 
measure vitamin D levels.  
 
2. Most of the literature suggests that blood levels of 25-
hydroxyvitamin D begin to decline when the BMI is >30. Thus 
the observation that a BMI of 20-29 having no effect is 
expected from the literature. There is data in children that low 
BMI was associated with the higher 25-hydroxyvitamin D that 
the authors may want to reference.  
 
3. It is unclear why there appears to be two very similar 
figures for figure 1 and figure 2 what do they represent? This 
should be made more explicit in the figure legend.  
 
4. It would've been helpful to have made a comparison from 
the literature for the age groups and incidence of vitamin D 
deficiency to better understand whether there was really any 
significant difference for the North Koreans compared to the 
South Koreans of the same age group.  
 
5. It would be helpful to know if the data obtained from the 
North Koreans occurred at the time that they arrive in South 
Korea. Were the North Koreans in South Korea for any length 
of time before obtaining a blood sample? The reason for the 
question is that the half-life for 25-hydroxyvitamin D is 
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approximately 2-3 weeks and thus the impact of living in North 
Korea could be quickly overcome by living in South Korea for 
a few months.  
 
6. Another explanation for why blood levels may have been 
lower even if they were working outside is that they may have 
been traditionally covering themselves with closing and 
wearing broad brimmed hats thus limiting vitamin D3 
synthesis.  
 
7. As the authors noted PTH levels may be associated with 
cardiovascular disease. Were PTH levels measured? Do they 
have blood calcium levels? 

 

REVIEWER Julie Chandler 
Executive Director, Department of Pharmacopepidemology, 
Center for Observational and Real World Evidence, Merck 
and Co., Inc 

REVIEW RETURNED 05-Aug-2015 

 

GENERAL COMMENTS This is a nice descriptive analysis with some interesting 
findings and hypotheses. I have some comments and 
questions that if addressed will make the manuscript more 
clear.  
1) There is inconsistent use of the terminology "vitamin D 
deficiency", vitamin D insufficiency and Vitamin D inadequacy 
throughout the manuscript. The terms are used 
interchangeably, although in the literature deficiency typically 
refers to 25OHD levels < 10-15 ng/ml; inadequacy < 20 and 
insufficiency < 30. Although there is some inconsistency in the 
literature as well, I recommend tha tthe authors report 
prevalence of low 25 OHD by the actual levels of 25 OHD and 
define what levels are considered deficiency, inadequacy 
and/or insufficiency.  
2. page 5, line 24-26: Suggest the authors provide the 
rationale/explanation for their statement " We defined whether 
Vit D deficiency is assoicated with obesity and metabolic 
syndrome  
3. p. 5, line 43-50 Participants: Clarify the time period when 
subjects were tested. "From October 2008" is mentioned and 
then " since 2012, a second follow up survey" . It is not clear 
what subjects were evaluated over what time frame or what 
the purpose of a follow up survey was since the design of this 
study was cross sectonal .  
4. p. 6, lines 22-26. Please clarify if the information obtained 
on medical conditions is b based on self report or from health 
care professional.  
5. p.9 "prevalence of vit D deficiency and its associated 
factors" ; the second paragraph under this section is 
confusing. The authors seem to indicate that there was an 
association between prevalence of low Vitamin D and age but 
then state that the prevalence of vit D deficiency was in 
general the same across age groups. Suggest clarifying.  
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6. p 10: authors state that the group with the lowest Vit D had 
a higher odds of developing metabolic syndrome. This implies 
causality. Since this analysis is based on cross sectional data, 
suggest saying that there is an association between low vit D 
and metabolic syndrome, but not that low Vit D leads to the 
development of metabolic syndrome.  
7. It seems important to know how long the refugees have 
been living in South Korea and whether length of time since 
leaving North Korea is associated with Vitamin D status.  
8. Table 1: Occupation: clarify if these are current roles (e.g. in 
South Korea)  
9. Table 2 : for ease of reading, suggest putting actual 
variables controlled for rather than " model 1, model 2 and 
model 3"  
10. The bar charts need additional labeling on the x and y axis 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer #1 

 

1) The authors used the term vitamin D levels in the manuscript when they mean 25-hydroxyvitamin D 

levels. This should be corrected throughout the manuscript since they did not measure vitamin D 

levels 

 

Reply) according to reviewer`s suggestion, we have changed the term “vitamin D level” which 

we have measured throughout the study to “25-hydroxyvitamin D level” or “25(OH)D level”.  

 

 

2) Most of the literature suggests that blood levels of 25-hydroxyvitamin D begin to decline when the 

BMI is >30. Thus the observation that a BMI of 20-29 having no effect is expected from the literature. 

There is data in children that low BMI was associated with the higher 25-hydroxyvitamin D that the 

authors may want to reference. 

 

Reply) as reviewer suggested, we cited the article, `Vitamin D deficiency and anthropometric 

indicators of adiposity in school-aged children: a prospective study, Am J Clin Nutr 2010; 92: 

1446-51` to the 4
th

 paragraph of discussion section, as follows; 

 

“The negative association was also observed in school-age children.
22

” 

 

 

3) It is unclear why there appears to be two very similar figures for figure 1 and figure 2 what do they 

represent? This should be made more explicit in the figure legend. 

 

Reply) figure 1 displayed distribution of vitamin D status stratified four age groups, and figure 

2 stratified four seasons. As the reviewer pointed out, both figures had very similar patterns. 

However, the similarity did not come from any interaction between age and season. Actually, it 

was attributed to the general distribution of vitamin D status in the study population (that is, 

very low percentage of adequate 25(OH)D levels, and majority of participants (73.5%) had 

25(OH)D levels of 10-20 ng/ml). So, the similar pattern as the original figures will be sustained 

in any stratifications.   
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In addition, according to the editor`s comment, we changed bar charts to tables. So, figure 1 

and figure 2 were converted to table 2 and 3. We believe that the meaning of the original 

figures became clearer with these changes. Here we attached the new tables below; 

 

 

Table 2. Proportion of subjects with serum 25-hydroxyvitamin D levels of <10 ng/mL (vitamin D 

deficiency), 10–20 ng/mL (vitamin D insufficiency), and ≥20 ng/mL stratified by 10-year age 

groups.  

Values are presented as number (% of each age groups) 

 

Table 3. Proportion of subjects with serum 25-hydroxyvitamin D levels of <10 ng/mL (vitamin D 

deficiency), 10–20 ng/mL (vitamin D insufficiency), and ≥20 ng/mL stratified by season in 

which measured serum 25-hydroxyvitamin D level. 

  25(OH)D 

  
<10 ng/mL 10–20 ng/mL 20-30 ng/mL 

Male (Age groups)  
 

30-39 years (n=26) 1 (3.8%) 17 (65.4%) 8 (30.8%) 

40-49 years (n=30) 2 (6.7%) 20 (66.7%) 8 (26.7%) 

50-59 years (n=9) 1 (11.1%) 8 (88.9%) 0 

60-69 years (n=13) 0 10 (76.9%) 3 (23.1%) 

≥ 70 years  (n=4) 0 4 (100%) 0 

Female (Age groups)  

30-39 years (n=136) 11 (8.1%) 112 (82.4%) 13 (9.6%) 

40-49 years (n=98) 9 (9.2%) 78 (79.6%) 11 (11.2%) 

50-59 years (n=42) 4 (9.5%) 33 (78.6%) 5 (11.9%) 

60-69 years (n=25) 8 (32.0%) 16 (64.0%) 1 (4.0%) 

≥ 70 years  (n=3) 0 2 (66.7%) 1 (33.3%) 
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Values are presented as number (% of each season groups) 

 

 

4) It would've been helpful to have made a comparison from the literature for the age groups 

and incidence of vitamin D deficiency to better understand whether there was really any 

significant difference for the North Koreans compared to the South Koreans of the same age 

group. 

 

Reply) as suggested by the reviewer, we compared the proportion of vitamin D insufficiency 

(25-hydroxyvitamin D level < 20ng/mL) between North Korean refugees and South Koreans 

from the Fourth Korea National Health and Nutritional Examination Survey (KNHANES IV, 2008, 

reference #8). However, exact number (percentage) of vitamin D insufficiency, and deficiency 

in each age groups in that study was unavailable, so we described approximate values from 

the figures in South Korean study, in the 1
th

 paragraph of the Discussion section, as follows: 

“In the previous study comprising general population in South Korea,
8
 prevalence of vitamin D 

insufficiency in subjects older than 30 years was about 30 to 50% in men, and 50 to 70% in 

women, which was much lower than among NKRs (87%) in this study.” 

 

 

5) It would be helpful to know if the data obtained from the North Koreans occurred at the time that 

they arrive in South Korea. Were the North Koreans in South Korea for any length of time before 

obtaining a blood sample? The reason for the question is that the half-life for 25-hydroxyvitamin D is 

approximately 2-3 weeks and thus the impact of living in North Korea could be quickly overcome by 

living in South Korea for a few months. 

 

Reply) we entirely agree to the reviewer`s opinion, in that those data would provide very 

important information about changes of serum level of 25(OH)D in the different circumstances. 

However, unfortunately, we did not have early blood samples or 25(OH)D data obtained 

immediately after entrance to South Korea in NKRs.  

 

 

6) Another explanation for why blood levels may have been lower even if they were working outside is 

that they may have been traditionally covering themselves with closing and wearing broad brimmed 

hats thus limiting vitamin D3 synthesis. 

  25(OH)D 

  <10 ng/mL 10–20 ng/mL 20-30 ng/mL 

Male (Season)  
 

Spring (n=15) 1 (6.7%) 13 (86.7%) 1 (6.7%) 

Summer (n=32) 1 (3.1%) 18 (56.3%) 13 (40.6%) 

Fall (n=27) 2 (7.4%) 21 (77.8%) 4 (14.8%) 

Winter (n=8) 0 7 (87.5%) 1 (12.5%) 

Female (Season)  

Spring (n=79) 13 (16.5%) 61 (77.2%) 5 (6.3%) 

Summer (n=89) 5 (5.6%) 67 (75.3%) 17 (19.1%) 

Fall (n=102) 11 (10.8%) 82 (80.4%) 9 (8.8%) 

Winter (n=34) 3 (32.0%) 31 (91.2%) 0 
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Reply) we agree to this opinion. North Korea is located in higher latitudes and had colder 

climates than South Korea, so North Korean workers generally wearing long-sleeved shirts 

and broad brimmed hats except in summer. We added this explanation in the 2
nd

 paragraph of 

discussion section, as follows;  

 

“Furthermore, North Korean workers generally wearing long sleeved shirts and broad 

brimmed hats during work-hours except summer, which limiting vitamin D3 synthesis.” 

 

 

7) As the authors noted PTH levels may be associated with cardiovascular disease. Were PTH levels 

measured? Do they have blood calcium levels? 

 

Reply) as the reviewer`s opinion, we also have recognized that serum PTH, or calcium levels 

were important variables for assessing metabolic risk, as well as confounding factors for 

25(OH)D levels. However, unfortunately, we did not measured those factors due to some 

practical problems (that is, financial constraints). But, we are planning further research, and 

will be able to measure those variables in the next step. This limitation is already pronounced 

in the 7
th

 paragraph of discussion section.    

 

Reviewer #2 

 

1) There is inconsistent use of the terminology "vitamin D deficiency", vitamin D insufficiency and 

Vitamin D inadequacy throughout the manuscript. The terms are used interchangeably, although in 

the literature deficiency typically refers to 25OHD levels < 10-15 ng/ml; inadequacy < 20 and 

insufficiency < 30. Although there is some inconsistency in the literature as well, I recommend that the 

authors report prevalence of low 25 OHD by the actual levels of 25 OHD and define what levels are 

considered deficiency, inadequacy and/or insufficiency. 

Reply) as the reviewer mentioned, definition of “vitamin D deficiency” is quite confusing, and 

has been interchangeably used with “vitamin D insufficiency”. So, with thorough 

consideration of literature, we redefined the term “vitamin D deficiency” as 25(OH)D level < 20 

ng/ml, and “vitamin D insufficiency” as 25(OH)D level of 20-29 ng/ml, based on the most cited 

article `Vitamin D deficiency, MF Holick, N Engl J Med 2007; 357: 266-281`, and `Evaluation, 

treatment, and prevention of vitamin D deficiency: an Endocrine Society Clinical Practice 

guideline, J Clin Endocrinol Metab 2011; 96: 1911-1930`. 

We added the definition into the 4
th

 paragraph of the methods, as follows:  

 

“We defined vitamin D deficiency as a serum 25(OH)D level of less than 20 ng/ml, and vitamin 

D insufficiency as a 25(OH)D of 20 - 29 ng/ml.”  

 

And we made applications of the new definition throughout the text. 

 

2) Page5, line 24-26: Suggest the authors provide the rationale/explanation for their statement " We 

defined whether Vit D deficiency is associated with obesity and metabolic syndrome. 

 

Reply) in response to the reviewer`s suggestion, we revised the last paragraph in Introduction 

section as follows:  
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“Firstly, we investigated the prevalence and determinants of vitamin D status in this 

population. Second, although the association between vitamin D deficiency and metabolic 

health consequences has been widely investigated in the general population, this has been 

rarely done in the immigrants or minority groups. Therefore, we also evaluated whether 

vitamin D deficiency is associated with obesity and metabolic syndrome in this group.” 

 

 

3) p. 5, line 43-50 Participants: Clarify the time period when subjects were tested. "From October 

2008" is mentioned and then "since 2012, a second follow up survey" . It is not clear what subjects 

were evaluated over what time frame or what the purpose of a follow up survey was since the design 

of this study was cross sectional. 

 

Reply) the second survey is a follow-up study to investigate the changes of health and 

nutritional condition in North Korea refugees who adapted to westernized South Korean 

society. As the reviewer points out, it is confusing to understand the meaning of 1
st

 and 2
nd

 

survey. We corrected those sentences as follows: 

“From October 2008, 647 NKRs voluntarily participated in the 1
st

 wave survey. They 

participated in a structured interview, physical examination, and blood sampling at the first 

visit at the the Korea University Anam hospital located in Seoul. Since 2012, a second follow-

up survey (2
nd

 wave) has been conducted among NKRs who participated in the 1
st

 wave 

survey. The 2
nd

 wave survey aimed to chase the changes of health and nutritional condition 

after adaptation to South Korean society of NKRs.” 

 

4) p. 6, lines 22-26. Please clarify if the information obtained on medical conditions is based on self-

report or from health care professional. 

 

Reply) basically, all information was self-reported. We added this information at the end of the 

paragraph, as follows; 

 

“All information in the questionnaire was self-reported.” 

 

 

5) p.9 "prevalence of vit D deficiency and its associated factors" ; the second paragraph under this 

section is confusing. The authors seem to indicate that there was an association between prevalence 

of low Vitamin D and age but then state that the prevalence of vit D deficiency was in general the 

same across age groups. Suggest clarifying.  

 

Reply) as the reviewer noted, the sentences were somewhat confusing because we did not 

clarify the difference between men and women. So, we corrected those sentences, as below; 

 

“In men, the prevalence of vitamin D deficiency was lowest among the youngest age group 

(69.2% of 30–39 years) and tended to increase with age. However, in women, the prevalence of 

vitamin D deficiency was generally similar in all age groups.” 

 

 

6) p 10: authors state that the group with the lowest Vit D had a higher odds of developing metabolic 

syndrome. This implies causality. Since this analysis is based on cross sectional data, suggest saying 

that there is an association between low vit D and metabolic syndrome, but not that low Vit D leads to 

the development of metabolic syndrome. 
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Reply) we agree the reviewer`s opinion, so corrected those sentences as below; 

 

“The association between vitamin D status and metabolic syndrome and its components was 

assessed using multivariate logistic regression analyses (Table 5). Compared with the group 

with the highest 25(OH)D level (20 to 30 ng/ml), the group with the lowest 25(OH)D level (< 10 

ng/ml) was associated more with metabolic syndrome after adjusting for potential 

confounders including age, sex, season, length of residence in South Korea, and amount of 

physical activity (model 2). Even after additionally adjusting for BMI (model 3), the group with 

the lowest vitamin D level had a significantly higher odds ratio (OR) for metabolic syndrome 

(OR, 6.37, 95% confidence interval [CI], 1.34 – 30.33).” 

 

7) It seems important to know how long the refugees have been living in South Korea and whether 

length of time since leaving North Korea is associated with Vitamin D status. 

 

Reply) we also agree that the length of stay in South Korea is important variable. So, we 

presented the length of stay in South Korea in NKRs in the table 1 (baseline characteristics), 

and adjusted that in the logistic regression analyses in table 5.  

But, in the analyses focusing on the length of residence in South Korea, there was no 

significant interaction with 25(OH)D levels in NKRs. In that reason, we did not presented the 

result in the manuscript, but present here; 

 

Length of residence in South Korea 

(month) 

N Mean vitamin D ± SD P--value 

≤ 12 months 131 15.93 ±4.38  

13-24 months 63 14.50 ±4.38  

25-36 months 47 14.25 ±4.38  

37-48 months 25 15.64 ±3.35  

≥ 49 months 112 15.90 ±4.82  

Total 378  15.46 ±4.49 0.064  

 

Length of residence in 3
rd

 nation since 

leaving North Korea 

N Mean vitamin D ± SD P--value 

≤ 12 months 145 15.72 ±4.92  

13-60 months 106 15.61 ±4.60  

≥ 61 months 120 15.10 ±3.89  

Total 371  15.49 ±4.52 0.504  

Adjusted for age, sex, and season 

 

 

8) Table 1: Occupation: clarify if these are current roles (e.g. in South Korea) 
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Reply) occupations described in Table 1 are past roles when living in North Korea. As 

suggested by reviewer’s comments, we added this information in Table 1.  

 

 

9) Table 2: for ease of reading, suggest putting actual variables controlled for rather than " model 1, 

model 2 and model 3". 

 

Reply) in response to the reviewer`s suggestion, we put the actual adjusted variables rather 

than model 1, model 2, and model 3, as follows; 

  

 

But, in our opinion, putting the all adjusting variables seemed to be more complex. so, we are 

sorry but want to keep previous version of the table. 

 

 

10) The bar charts need additional labeling on the x and y axis. 

 

Reply) as suggested by the editor’s comments, we changed bar chart to table. So it will be 

more convenient for understanding the data.  

 

 

VERSION 2 – REVIEW 

REVIEWER Julie Chandler 
Merck and Company, USA 

REVIEW RETURNED 02-Oct-2015 

 

GENERAL COMMENTS There is controversy in the literature about 25(OH)D levels 
that define deficiency v. inadequacy. For clarity the authors 
should simply describe the prevalence of low Vit D at each 
cutpoint .  
 
Recommend tha tthe authors qualify their statement about 
prevalence of Vitamin D deficiency being 87% in NKR 
population -- they should instead talk about the prevalence of 
LOW Vitamin D being 87% IN THIS SELECT SAMPLE of 
NKR  

 

VERSION 2 – AUTHOR RESPONSE 

1) There is controversy in the literature about 25(OH)D levels that define deficiency v. 

inadequacy.  

For clarity the authors should simply describe the prevalence of low Vit D at each cutpoint .  

 

Reply) according to reviewer`s suggestion, we changed the sentence (of 2nd paragraph of 

Results section), as follows:  

 

“Prevalence of low vitamin D was very high in NKRs. No one had sufficient level of serum 

25(OH)D (≥ 30 ng/ml) in both men and women. Subjects with serum 25(OH)D levels of <10, 

10 to 20, 20 to 30 ng/ml was 8.8%, 73.5%, and 12.3%, respectively.”  
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2) Recommend that the authors qualify their statement about prevalence of Vitamin D 

deficiency being 87% in  

NKR population-they should instead talk about the prevalence of LOW Vitamin D being 87% 

IN THIS SELECT SAMPLE of NKR  

 

Reply) according to reviewer`s suggestion, we changed this sentence (of the 1st paragraph 

of Discussion section), as follows:  

 

“Moreover, the prevalence of low vitamin D was 87%, and no subjects had an adequate 

vitamin D level among NKRs in this study.” 
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