
 

 

저 시-비 리-동 조건 경허락 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

l 차적 저 물  성할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적  허락조건
 확하게 나타내어야 합니다.  

l 저 터  허가를  러한 조건들  적 지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 적  할 수 없습니다. 

동 조건 경허락. 하가  저 물  개 , 형 또는 가공했  경
에는,  저 물과 동 한 허락조건하에서만 포할 수 습니다. 

http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/


 

 

저 시-비 리-동 조건 경허락 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

l 차적 저 물  성할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적  허락조건
 확하게 나타내어야 합니다.  

l 저 터  허가를  러한 조건들  적 지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 적  할 수 없습니다. 

동 조건 경허락. 하가  저 물  개 , 형 또는 가공했  경
에는,  저 물과 동 한 허락조건하에서만 포할 수 습니다. 

http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/


 

학 사 학 논  

 

Body Mass Index in late teens and 

Spontaneous Abortion in the Health Examinee’s 

Study (HEXA)  

 

18 에  20  체질량지   

자연 산   

 

 

2013  8 월 

 

울 학  학원 

학과 동과  종양생 학 공 

  재 



18 에  20  체질량지  

자연 산   

 

 
 

 

지도   강  희 

 

이 논  학 사 학 논  출함 

2013  4 월 

 

울 학  학원 

학과 동과  종양생 학 공 

  재 

 

재  학 사 학 논  인 함 

2013  6 월 

 

 원 장                           (인) 

부 원장                           (인) 

    원                           (인) 

 



Body Mass Index in late teens 

and Spontaneous Abortion in the 

Health Examinee’s Study (HEXA)  
 

by  

Sun Jae Jung 

 

A thesis submitted to the Department of preventive 

medicine in partial fulfillment of the requirements for the 

Degree of Master of Science in Interdisciplinary 

Graduate Program in Cancer Biology at Seoul National 

University College of Medicine 

 

 

July 2013 

 

 

 

Approved by Thesis Committee: 

 

Professor                    Chairman 

Professor                    Vice chairman 

Professor                     



1 

 

Abstract 

  

 

Introduction: Spontaneous abortion affects approximately 21% of 

recognized pregnancies in Korea. Until recently, a preponderance of studies 

have focused on the increased risk of spontaneous abortion in obese populations, 

while research on reduced body mass index (BMI) and its risk for spontaneous 

abortion is relatively uncommon. As previous studies advocate for different 

effects of BMI in adverse health outcomes in Asians, the relationship between 

BMI and spontaneous abortion needs to be reevaluated in the Korean 

population. This study aims to examine the role of pre-pregnancy BMI as an 

independent risk factor for spontaneous abortion. 
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Methods: The eligible population was selected from the Health Examinee 

Study (HEXA) cohort, which is a component of the Korean Genome and 

Epidemiology Study (KoGES). We conducted analyses on 39,933 women who 

have been pregnant and gave birth to singletons only. Participants’ BMI at age 

18 or 20 was calculated through information gathered by questionnaires with 

trained interviewers. Also, information on general lifestyle factors and 

reproductive factors was collected. BMI range was classified generally by BMI 

criteria of the World Health Organization, Regional Office for the Western 

Pacific Region (WHO-WPRO) for Asians, and further reclassification was done. 

Unconditional logistic regression was done to calculate odds ratios, ordinal 

logistic regression and test of heterogeneity was done to compare the strata 

difference.   
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Results: On association analysis, women who were classified as 

‘underweight’ (BMI<18.5kg/㎡) have an increased risk of 1.3 (95% C.I. 1.1-

1.4), ‘normal weight I’ (BMI ≥18.5 to <20.5kg/㎡) women 1.2 (95% C.I. 1.0-

1.3), ‘normal weight II’ (BMI ≥20.5 to <23kg/㎡) 1.1 (95% C.I. 1.0-1.2) and 

‘obese’ (≥25kg/㎡) group 1.2 (95% C.I 1.0-1.4) compared to ‘overweight at risk’ 

(≥23 to <25kg/㎡) group. Also in comparing the number of spontaneous 

abortions, the ‘obese’ group showed differences between women who had only 

one spontaneous abortion compared to women who had more than one. We 

found the influence of BMI on spontaneous abortion differed between those 

who had never smoked and smokers. For all ranges except for the reference 

range, the risk of spontaneous abortion doubled. (‘underweight’ 1.23 vs. 2.32, 

‘normal range I’ 1.12 vs. 2.00, ‘normal range II’ 1.09 vs. 1.94 and ‘Obese’ 1.20 

vs. 2.02). 
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Conclusions: This analysis on a large population revealed a reverse J-

shaped association between BMI and spontaneous abortion in Koreans, with a 

pattern broadly similar to that seen in previous studies. 
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INTRODUCTION 

 

Spontaneous abortion affects approximately 21% of recognized 

pregnancies, according to Korean national statistics (2009), which can be 

viewed as a rather frequent medical phenomenon. However, relatively few 

epidemiologic studies have been conducted to clarify the risk factors for 

spontaneous abortion. A number of studies focusing on overweight or obese 

mothers and their adverse outcomes related to pregnancy were published (1-8), 

but studies on underweight mothers are rare. (9)   

Maternal overweight and obesity has been associated with increased risks 

for still-birth, neonatal and infant death, large for gestational age(LGA) 

neonates, fetal malformations, maternal diabetes, pregnancy-induced 

hypertension, pre-eclampsia and Caesarean section delivery.(1-10). In obese 
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women, impaired folliculogenesis, ovulation and conception, also with 

increased risk of pregnancy complications are seen. (11-13) Some hormones 

and cytokines made by adipose cells have possible biological functions of 

affecting implantation of the embryo and development of the feto-placental 

complex. (14, 15) Specially, recent studies focus on the role of leptin, as to 

affect the preimplantation embryonal endometrial cross-talk. (16) Leptin seems 

to induce angiogenesis in early pregnancy. (17-19)  

The Institute of Medicine (IOM) published revised guidelines on 

adequate gestational weight gain in 2009, which used the World Health 

Organization’s (WHO) cutoff points for the pre-pregnancy body mass index 

(BMI) categories. (28) Associations between pre-pregnancy and adverse 

pregnancy outcomes found in European populations are present, but the same 

study is uncommon for Asian populations.  
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The purpose of this study is to examine the role of pre-pregnancy BMI as 

an independent risk factor for spontaneous abortion and to explore the adequate 

BMI criteria for the Korean population to reduce the number of spontaneous 

abortion using data derived from a baseline study of the large cohort population.  
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MATERIALS and METHODS 

 

1. Study subjects 

The eligible population was selected from the Health Examinee Study 

(HEXA). HEXA, which drew a large-scale genomic community-based 

prospective cohort of 91,713 participants and biologic samples between 2004 

and 2008, closely examined genomic risk factors on major chronic diseases of 

the Korean people. Participating centers were selected after a strict evaluation 

of the selection criteria and the representativeness of the community of the 

participating hospitals. Centers were to have experience in building cohort and 

multi-center networks, have the capacity to recruit more than 3,000 new 

patients, and a re-visiting rate greater than 50%, which allows for easy follow-
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up. The recruited subjects were drawn from the community’s adult population, 

aged between 40 to 70 years old, who had no experience of participating in 

other types of cohort studies and had given consent for genetic analysis. 

Information on general lifestyle, including smoking and drinking habits, 

physical activity, past medical history, family medical history, drug usage 

(including health supplements), health check-ups, psychosocial factors, diet and 

reproductive factors were asked through structured questionnaire interviews. 

Also, participants had objective measurements taken of their bodies, which 

included measurements of their current weight, height, grasping power, body 

component, circumference of waist and hips, blood pressure along with chest 

X-rays and the collection of blood / urine samples. More information about the 

cohort, development and evaluation of the questionnaire used is elsewhere. (31)  
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A total of 60,625 women participated in the study between 2004 and 2008. 

The number of women who were aged 40-69 was 56,993. Among them, only 

55,090 women who have been pregnant more than once were included in the 

analysis. Excluded from the final analysis were 794 women who gave birth to 

twins more than once, 13,886 women with no information of their weight 

between 18 and 20 years old, and 477 women who had their first pregnancy 

before the age of 18 (or before 20 years old). The total number of women for 

the final analysis was 39,933. (Fig.1) 

2. Measurement of BMI at age 18 and 20 years 

As the median age of the women in this study is about 51 years old, they 

were asked to recall their BMI at the age of 20 (from 2004-2006) and at the age 

of 18 (2007-2008). Direct interviews with structured questionnaires by well-
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trained interviewers improved the validity of the information collected. Height 

at given ages, which was also included in the questionnaires, was used to 

calculate BMI at 18-20 years old. Ahn, et al., concluded in their study that the 

growth spurt in Korean adolescents ends at a mean age of 14.1, so the overall 

BMI would not be greatly different between calculations and the real value at 

age 18-20 (32). Height and weight were used to calculate BMI as weight 

divided by height squared (kg/m2). 

 

3. Measurement of reproductive factors 

Inquiry on spontaneous abortion included incidence (never or have 

experienced) and the number and age at which the first spontaneous abortion 

occurred, which were chosen as the major outcomes. Information about giving 
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birth to babies heavier than 4kg (macrosomia), age of the macrosomia delivery, 

and the outcome of the first pregnancy was also measured. Likewise, 

participants were asked about their age at menarche, their age at first pregnancy, 

gestational hypertension (yes or no), gestational diabetes (yes or no), total 

number of children, use of oral contraceptive and its duration. Concerning the 

use of oral contraceptives, participants were divided into 3 groups: ‘never users’, 

‘past users’, and ‘current users’, with the latter two denoted as ‘ever users’ in this 

paper. 

 

4. Measurement of other life style factors 

 Factors such as age, education level, income level, smoking status and 

amount, drinking status and duration, exercise status and frequency were 
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measured. Educational levels were initially divided into 9 groups, and then 

rearranged to 3 groups such as: ‘no-schooling to middle school graduate’, ‘high 

school graduate’ and ‘college or more’. Smoking status was measured as ‘never 

smoked’, ‘past smoker’ and ‘current smoker’ and pack-year was calculated by 

multiplying the number of cigarette packs smoked per day and the total years of 

smoking. Drinking was also measured as ‘never drink’, ’past drinker’ and 

‘current drinker’. Drinking duration was divided by 6 groups. In collecting 

information on exercise, there were only 2 categories: ‘no exercise’ and ‘regular 

exercise’. The frequency of exercise was categorized into 4 groups: 1-2, 3-4, 5-6 

times per week and ‘everyday’. 
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 5. Classification of BMI range 

 First, all BMI information collected was classified based on the BMI 

criteria which was approved by World Health Organization (WHO) in 2000, 

then it was classified following the criteria of the Steering Committee of the 

Regional Office for the Western Pacific Region of World Health Organization 

(WHO-WPRO), which the International Association for the Study of Obesity 

and the International Obesity Task Force has been proposed the appropriateness 

of the classification of obesity in Asia in 2000. It is defined as ‘underweight’ a 

BMI under 18.5kg/㎡, ‘normal range’ as ≥18.5 to <23kg/㎡, ‘overweight at risk’ 

as ≥23 to <25kg/㎡, ‘obese I’ as ≥25kg/㎡ to <30 kg/㎡ and ‘obese II’ as over 

30 kg/㎡. (33, 34) By this criteria, about 70% were ‘normal range’ and people 

who were at ‘obese I’ or ‘obese II’ were only about 3% in the study population. 

(Table1) Later, participants whose adolescent BMI were at ‘normal range’ were 
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divide into two groups, according to the median BMI of 20.5, and women 

whose BMI correspond to over 25kg/㎡ were unified into the ‘obese’ group 

(Table2). Also, to define explorative reference range and specify effect of BMI 

on narrow range, BMI was reclassified by deciles and quintiles in estimating 

ORs.  

For the reference range, BMI ≥23 to <25kg/㎡ was used for it was the 

closest interval to the reference range used in the other large cohort study based 

on longitudinal observation among more than 1 million Asians (22.6 to 25.0 

kg/㎡). (30) 
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6. Statistical analysis 

 Baseline characteristics of the entire study population were presented 

by frequency and percentage in categorical variables, and by mean and standard 

deviation in continuous variables. To describe the difference of same 

characteristics by BMI classification and experience of spontaneous abortion, 

Pearson chi-square(χ2) test for categorical variables and t-test or ANOVA was 

used for continuous variables.  

Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated to 

determine associations between adolescent BMI and spontaneous abortion 

using unconditional logistic regression models. P-values less than 0.05 were 

taken to indicate statistically significant comparisons in others, and p-values 

less than 0.1 were taken to be statistically significant in heterogeneity test (35). 
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Adjustment factors were initially chosen as variables showing statistically 

significant differences by both BMI categories and whether one had 

spontaneous abortion or not. After all, age, history of gestational hypertension, 

and history of gestational diabetes were added as adjustment factors, 

considering the proven biological effect. Final adjustment factors were age, 

education, first pregnancy age, total number of children, gestational diabetes 

and gestational hypertension. 

To evaluate the impact of order of spontaneous abortion in pregnancy, 

participants were also restricted in analysis as ones who had a spontaneous 

abortion on their first pregnancy.  Additionally, to compare the effect of 

spontaneous abortion number on each participant, women were classified by the 

number of spontaneous abortions they have had (once or more than once). As 

proportional odds assumption was valid in this study, ordinal logistic regression 
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was done to provide P-ordinal (36). Test for heterogeneity was done to compare 

the differences of these two categories. 

ORs for spontaneous abortion were stratified by smoking status (never and 

ever), first pregnant age, gestational diabetes, gestational hypertension, number 

of total children, first c-section age, use of oral contraceptive and its duration. 

All continuous variables for stratification were divided by the median values. 

Within specific BMI ranges, stratified ORs and 95% C.I. were tested for 

heterogeneity. To see the interaction, groups were divided as ‘underweight and 

normal BMI range’ versus ‘overweight and obese’, and interaction term was 

used between each variable and new BMI category.  
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 For statistical analysis, we used SAS version 9.3 (SAS Institute Inc., Cary, 

NC, USA) and STATA version 10.0 (STATA Corporation, College Station, TX, 

USA), for heterogeneity tests.  
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RESULTS 

 

1. Baseline characteristics of study population 

 About than 40 thousand participants were included in the analysis 

(Figure 1). Overall, the mean(±SD) BMI at 18-20 years old for the study 

subjects was 20.60±2.34. Nearly 69% of the study population was classified as 

‘normal weight’ and 18% was classified as ‘underweight’.(Table1) Almost 97% 

of women replied as never smoked and 67% of women answered as never been 

drinkers. The mean(±SD) menarche age was 15.2±1.8 and their first pregnant 

age as 25.2±3.2.  

A total of 9,367 participants have had a spontaneous abortion more than 

once. The prevalence of spontaneous abortion in the study population was a 

little higher than those in the 2009 national statistics, at 23.5%. For their first 
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pregnancy about 82% of women reported a normal delivery outcome, while 

approximately 7% of participants had a spontaneous abortion. 

The mean (±SD) adolescent BMI of study participants who have had a 

spontaneous abortion was 20.5 ±2.3, compared to 20.6 ±2.4 of those who 

delivered normally (p=0.0041). The ‘underweight’ and ‘obese’ proportion was 

larger in spontaneous abortion than the non-abortion group, as population 19.0% 

versus 17.2% and 3.2% versus 3.0%. The mean (±SD) for first pregnancy age 

was slight older at 25.5 ±3.2 for the spontaneous abortion group and 25.3 ±3.1 

for the non-abortion group (p<0.0001). (Table 5) 
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2. Effect of adolescent BMI on spontaneous abortion 

On association analysis by logistic regression (Table 6, Appendix 1,2), 

increased risk was observed in ‘underweight’ (BMI<18.5kg/㎡), ‘normal 

weight’(BMI ≥18.5 to <23kg/㎡), and ‘obese’(≥25kg/㎡) group compared to 

the ‘overweight at risk’ (≥23 to <25kg/㎡) group. Especially, all three groups 

except the ‘overweight at risk’ group showed significantly increased risk after 

full adjustment (Table 6. & Figure 2.). Overall, it shows an inverse J-shape by 

connecting the risk magnitude by BMI class. Subjects in the lowest BMI group 

(<18. 5kg/㎡) had a risk that was increased by approximately 1.3. If the 

reference range changed to BMI ≥20.5 to <23, which is the normal BMI range 

defined by WHO-WPRO criteria, ‘overweight at risk’ group showed protected 

effect of BMI on spontaneous abortion (risk of 0.9)(Table not shown). In 

finding explorative reference group, BMI categories which were divided by 
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decile and quintile range showed increased risk in lower BMI ranges, with an 

increased risk of spontaneous abortion on the 1st, 2nd, 3rd and 4th decile (BMI 

<17.94, BMI ≥17.94 to <18.75, BMI ≥18.75 to <19.37 and BMI ≥19.37 to 

<19.92), 1st and 2nd quintile (BMI <18.75 and ≥18.75 to <19.92) of BMI in 

full adjustment (Appendix 2). In general, the magnitude and trend of 

association was similar between differently classified BMI groups, showing 

more risk for subjects who were more underweight. 

 

3. Influence of BMI on order and number of spontaneous abortion 

To evaluate the possible influence of BMI on the order and number of 

spontaneous abortions, we performed analysis only included the spontaneous 

abortion on the first parity (Table 7). After full adjustment, no range showed a 
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statistically significant result.  By comparing the risks between different 

numbers of spontaneous abortions (1 versus 2+), the ‘underweight’ and ‘normal 

range’, and ‘obese’ participants showed an increased risk in more than two 

number of spontaneous abortion. However, no group showed significant 

difference in the test of heterogeneity (Table 8). 

4. Comparison of associations by other factors 

We found that the effect of BMI on spontaneous abortion differed 

between those who have never smoked and smokers. Especially among 

‘underweight’ and ‘normal range’ participants, the risks doubled in terms of 

statistical significance among smokers (‘underweight’ 1.23 vs. 2.32, ‘normal 

range I’ 1.12 vs. 2.00, ‘normal range II’ 1.09 vs. 1.96). Also, in ‘normal weight 

II’ participants, increased risk of spontaneous abortion was statistically 
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significant in ever-smoked group, which is compared to the marginal 

significance of increased risk among the ‘never-smoked’ group. Similarly, 

groups who have had gestational hypertension showed an increased risk of 

spontaneous abortion than women who never had the disease in ‘underweight’ 

and ‘normal weight I & II’ with statistical significance. (‘underweight’ 1.21 vs. 

2.44, ‘normal range I’ 1.11 vs. 1.70, ‘normal range II’ 1.11 vs. 1.70).  Also, 

smoking and gestational hypertension showed significant interaction with BMI 

status in spontaneous abortion (p-interaction 0.0312 and 0.0003). Other factors 

such as age at first pregnancy, total number of children, and age at first c-

section did not show any significant difference between strata. (Table 9) 

The risk of spontaneous abortion increased as number of spontaneous 

abortion experience rises significantly in women who never smoked compared 

to women who smoked. (OR 1.19 vs. 1.30)  Also, in women who had no 
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history of gestational hypertension, similar results occur when they had more 

than two spontaneous abortions rather than one (OR 1.17 vs.1.28) (Table 10).   
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DISCUSSION 

 

In the analysis of approximately 40,000 women, both a low and high BMI 

were associated with an increased risk of spontaneous abortion, resulting in an 

overall inverse J-shaped association. This analysis with a large Korean 

population not only provides reliable estimates of the overall effect of BMI on 

the risk of spontaneous abortion, but also offers opportunities for a discrete 

evaluation of the association between low BMI and the risk of spontaneous 

abortion that could not be appropriately demonstrated in most previous studies, 

which were conducted in populations of European origin.  

Although this is a cross-sectional analysis of baseline cohort data, it has 

temporal characteristics in the analysis since it analyzed women with adolescent 

BMI. We excluded participants who had their first pregnancy before the ages of 
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18 and 20. This study has evaluated significant increases in the odds of 

spontaneous abortion if women have a lower BMI than ‘≥23 to <25kg/㎡’ BMI 

category. To our best knowledge, this is the first study that reports on the 

‘underweight’, ‘normal range’ and ‘obese’ BMI groups who have an increased 

risk over the ‘overweight at risk’ group in spontaneous abortion.    

From the literature reviewed, there is evidence that increase in BMI at 

certain levels increase the risk of spontaneous abortion in the general 

population as well as those in specific groups, such as women who have 

undergone infertility treatment (37-39). However, the relation between lower 

BMI and spontaneous abortion is far from conclusive, especially in Asians. 

Helgstrand et al., reported that women with a BMI below 18.5 kg/㎡ have 

increased hazard ratio (HR) of 1.24 (95% C.I. 0.95-1.63) and women with BMI 

over 25 kg/㎡ have a HR of 1.14 (95% C.I. 0.98-1.31) in the Danish National 
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Birth Cohort (DNBC), which analyzed about 23,000 women with a 2-year 

follow-up. (9). Although it demonstrated a U-shaped relationship between pre-

pregnant BMI and spontaneous abortion, both adjusted HRs did not show 

statistical significance. In contrast, Zhang et al., reported the increased risk of 

recurrent spontaneous abortion as significant for participants with a BMI of 

24.0kg/m2 or greater (adjusted OR, 1.54; 95% 1.28-3.49) in a Guangzhou 

Chinese population. (8)  The study was done in case-control design with 326 

cases and 400 controls. It was an outpatient-based, case-control study, in which 

it may have limitations of introducing selection bias as all cases were recruited 

from several hospitals in Guangzhou City, whereas all controls were recruited 

from the community.    

As the mean adolescent BMI of all participants in the study was about 20.6 

kg/m2, it is much less than mean BMI of women in their twenties in the year 
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2010, 21.3 kg/m2 (40). The proportion of ‘obese’ participants, BMI over 

25kg/m2, was only about 3% in study participants, whereas it is estimated at 

about 25% for the entire Korean female population currently. So in this cohort, 

it was hard to demonstrate the risk of obesity in spontaneous abortion 

proportional to the obese population of current times due to the small number of 

obese participants. The overall portion of women who had at least one 

spontaneous abortion was about 24% in this cohort, which was comparable with 

21% of spontaneous abortions in the national statistics of 2009.  

 

There is abundant evidence supporting the biological plausibility of 

increased risk of higher BMI and the risk of spontaneous abortion. Excess 

adiposity is a well-established risk factor for several chronic diseases (41). 
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However, in spontaneous abortion, this analysis and others supports the claim 

that lower BMI may also be a factor in adverse health outcomes, such as 

spontaneous abortion. It has been shown that underweight women suffer more 

frequently from irregular periods and infertility (42-44).  

Being underweight or obese in adolescent period has many physiological 

effects on one’s growing organs, tissues and body systems. In girls, contrary to 

both fat and fat-free mass rise, percent of fat-free mass in body weight declines. 

(20) Dietz hypothesize of being obese with onset of adolescence has strong 

tendency of exert negative effect in adulthood. (21) Adolescent obesity is 

associated with increased overall mortality and especially with increased risk of 

diabetes and cardiovascular disease in adult life. (22) Hypothalamic pituitary 

axis, insulin secretion and sensing or vascular responsiveness may be the 

mediator of these associations. By these mechanisms, several comorbidities 
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related to obesity in youth occur such as metabolic syndromes, 

hyperinsulinemia, decreased insulin sensitivity and increased total cholesterol 

and triglycerides. Especially, prospective data suggest that most important risk 

factor for the metabolic syndrome is the rate of increase in BMI in youth. (22) 

Also, association between obesity in youth and inflammation leads to vascular 

damage over time. Chronic inflammation may play the key role in spontaneous 

abortion by damaging the vessel which supports utero-feto-placental complex.  

In contrary to number of publication according to the relationship between 

adolescent obesity and adult complication, papers for the effect of adolescent 

underweight and its complication in adults were scarce. Adolescent period 

shows the high rate of musculoskeletal growth and completion of sexual 

development which plays a pivotal point to the health of the upcoming adult 

period. Being underweight in adolescence makes retardation in growth or 
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sexual development delay. The onset of puberty may be delayed in female 

adolescents with a low BMI. In girls, being underweight adolescent can lead to 

many problems in next generation. Amenorrhea may occur, as a result of leptin 

levels, decreased body fat, emotional stress or anxiety. (23) Also, abnormal 

menses and subfertility has been demonstrated in underweight females. (24) 

Underweight adolescent who become pregnant may be at increased risk for 

pregnancy complication and poor fetal outcomes, including prematurity and 

low birth weight. As seen in figure 4, also in underweight adolescence, higher 

rate of inflammation and infection are seen. These conditions hinder normal 

vascular development which is critical in maintaining pregnancy. Other than 

reproductive factors, if girls were underweight in 17 year olds, there are higher 

rates of asthma, scoliosis, intestinal problems and emotional disorders found. 

(25)  In severe underweight adolescents, osteopenia could happen due to 
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estrogen deficiency, rise of glucocorticoid concentration, general nutrition 

deficiency, loss of calcium intake, reduction in body mass. 

In addition, spontaneous abortions due to undernourishment or down-

regulation of certain hormones may occur in underweight women. In rats, it has 

been demonstrated that an aminoacid-depleted maternal environment provoked 

by undernourishment shows similar physiology of metabolic stress and hampers 

early embryonic proliferation, which causes fetal loss (45). In ewes, embryos of 

underfed mothers exhibit a reduced ability in secreting trophoblastic interferon-

τ, which causes an increase in prostaglandin production from endometrium to 

start lysis of corpus luteum (46).       

Except the role of inflammation in both underweight and obese conditions 

of adolescent period, the action of leptin may explain the higher risk of 
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spontaneous abortion in subjects with low and high BMI. Leptin is a hormone 

produced mainly in the adipose tissue (47, 48). BMI in non-pregnant women 

and plasma leptin levels correlate with each other during ovarian stimulation in 

the course of pregnancy (49-51). In the secretory endometrium, leptin and its 

receptor may regulate angiogenesis of the uterus and implantation of the 

embryo (24, 52-54) . If plasma leptin levels are lowered, an increase in early 

miscarriage has been observed (51). Also, low levels of leptin have been 

associated with recurrent abortions (51, 55). In obese populations, higher leptin 

levels are expected and its resistance in the body is likely to happen (56, 57). 

When leptin levels increase, it is possible to let insulin be resistant by an altered 

fatty acid metabolism in skeletal muscle and immune system change (56, 58-

60). Obesity generally increases insulin resistance and may be involved in 

spontaneous abortions, such as reduction in production of insulin-like growth 
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factor-binding protein-1 (IGFBP1), adhesion factors and uterine αvβ3 integrin 

(61-63). In the first trimester of pregnancy, low levels of immunosuppressive 

protein, such as glycodelin, play a major role in remaining pregnancy, which is 

also reported in women with polycystic ovary syndrome (PCOS) (64-66).  

In addition, in both first-trimester and term trophoblast cell cultures or 

explants, leptin was seen to enhance human chorionic gonadotropin (hCG)(67-

69) . Adiponectin is made by adipose cells, and it is shown to weaken the 

expression of hCG subunit genes in term primary cytotrophoblasts (70). 

However, in serum adiponectin is found at higher levels in lean women than in 

obese women. This means that lean women may necessitate higher hCG levels 

for a successful pregnancy outcome than obese women. 
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The strengths of this study are the size of the study and its prospective 

potential. To our knowledge, it has been the largest study to have dealt with pre-

pregnant BMI and spontaneous abortion.   

Although many epidemiologic studies have dealt with BMI and adverse 

health outcomes, there always were methodological challenges (71, 72). 

Reverse causation is the most important problem, in which loss of weight 

resulting from illness can falsify the relationship between lower BMI and health 

outcomes. To clarify this problem, we excluded women who had earlier 

pregnancies than their BMI measuring time.  

In this study, it was clearly asked if anyone had a ‘spontaneous abortion’, 

by denoting ‘miscarriage before 20 weeks of gestational age’. This made people 
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to make less misclassification between spontaneous abortion and stillbirth, 

which shows clinical difference. 

Our study has some limitations. As mentioned above, the women were 

asked to state their current height. When calculating their BMI earlier in life 

(aged 18-20), we have used their current height. Thus, our analysis has a chance 

of overestimating BMI in lower ranges and underestimating in higher ranges. 

Still, as the associations presented in this paper were basically independent of 

age at enrollment, little bias is expected to interrupt the result when applying 

the peak height in computing BMI at age 18-20. 

Also, as there were no items for information on the order of spontaneous 

abortion comparing full birth sequence, it was hard to evaluate the exact effect 

of BMI on order of spontaneous abortion.   
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The mean age at enrollment was 51.4 years, and the women were asked to 

recall their weight of nearly 30 years earlier. Results from the Nurses’ Health 

Study (NHS) point out that  participants are able to recall their weight at age 

18, and the correlation coefficient between recalled and object measurement of 

weight was about 0.9 (73). Though women in the NHS cohort, aged 25-42, 

were younger than in our study, there is evidence that self-reported weight and 

height data are adequate for assessing relationships in epidemiological studies 

(74).    

  Considering there is a possible relationship between BMI in spouses (75, 

76), more information was needed, especially in obsess participants, to confirm 

their elevated risk of spontaneous abortion. Obese males were seen to have a 

decreased fertility capacity (77, 78). There is a possibility of increased OR in 

the ‘obese’ group due to their ‘obese’ husbands or male partners. It was not able 
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to link spouses’ data, but no stronger association between high BMI and 

spontaneous abortion would be seen by the male factors in comparison with 

other study (79). 

 

 

 

 

 

 

 

 

 

 



46 

 

CONCLUSION 

 

In conclusion, this analysis on a large population revealed a reverse J-

shaped association between BMI and spontaneous abortion in Koreans, with a 

pattern broadly similar to that seen in previous studies. As such limitations were 

mentioned above, especially in the small number of obsess population 

proportional to the underweight ones, further study is needed to illuminate the 

true association between higher BMI in adolescents and spontaneous abortion.  
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Table 1. Maternal characteristics in the study population 

Characteristic N, Mean (%, S.D) 

Age   

40-49 17,699 (44.3) 

50-59 15,809 (39.6) 

  60-69 6,425 (16.1) 

Pre-gestational BMI at adolescent (WHO-WPRO*)   

Underweight(<18.5kg/㎡) 7,051 (17.7) 

Normal weight(≥18.5 to <23kg/㎡) 27,704 (69.4) 

Overweight at risk(≥23 to <25kg/㎡) 3,948 (9.9) 

Obese (≥25kg/㎡) 1,230 (3.1) 

Education     

No schooling-Middle school(graduated) 14,705 (37.3) 

High school(graduated) 16,092 (40.8) 

More than univ.education 8,672 (22.0) 

Smoking     

Never 38,314 (96.8) 

Past smoker 489 (1.2) 

Current smoker 791 (2.0) 

Pack-year(smoker only) 8.76 (8.9) 

Drinking    

Never 26,504 (66.8) 

Past drinker 874 (2.2) 

Current drinker 12,331 (31.1) 

Drinking duration(drinkers only) 
  

1-5 years 2,168 (18.0) 

6-10 years 2,709 (22.5) 

11-20 years 3,925 (32.7) 

21-30 years 2,598 (21.6) 

31-40 years 521 (4.3) 
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≥41 years 96 (0.8) 

Exercise     

No exercise 19,025 (47.7) 

Regular exercise 20,823 (52.3) 

Exercise frequency 
  

1-2 time/week 5,116 (26.6) 

3-4 times/week 7,574 (39.4) 

5-6 times/week 3,658 (19.0) 

everyday 2,897 (15.1) 

Reproductive factors    

Menache age 15.2 (1.8) 

First pregnant age 25.2 (3.2) 

Total Child No. 2.3 (0.9) 

C-sec(+) 3,231 (15.8) 

C-sec No. 1.6 (0.6) 

First †C-sec age 29.3 (4.3) 

Macrosomia(+) 3,251 (8.4) 

Macrosomia delivery age 27.9 (3.7) 

Gestational Diabetes (+) 356 (1.0) 

Gestational hypertension(+) 2060 (5.2) 

First pregnancy outcome     

Normal delivery 32,413 (82.0) 

Stillbirth 311 (0.8) 

Extrauterine pregnancy 153 (0.4) 

Current pregnancy 3 (0.0) 

Spontaneous abortion 2,888 (7.3) 

Artificial abortion 3,779 (9.6) 

* Steering Committee of the Regional office for the Western Pacific Region of 
World Health Organization. † Caesarean section 
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Table 2. Pre-gestation body mass index(BMI) at age 18-20 as main 
exposure factor  

Characteristic N (%) 

BMI* criteria by WHO †(worldwide) at age18-20 

<18.5(‘underweight’) 7,051 (17.7) 

≥18.5 to <25 (‘normal range’) 31,652 (79.3) 

≥25 to <30 (‘overweight at risk’) 1,161 (2.9) 

≥30 to <35 (‘obese I’) 50 (0.1) 

≥35 to <40 (‘obese II’) 8 (0.0) 

≥40 (‘obese III’) 11 (0.0) 

BMI* criteria by WHO-WPRO ‡(Asians) at age18-20 

<18.5 (‘underweight’) 7,051 (17.7) 

≥18.5 to <23 (‘normal range’) 27,704 (69.4) 

≥23 to <25 (‘overweight at risk’) 3,948 (9.9) 

≥25 to <30 (‘obese I’) 1,161 (2.9) 

≥30 (‘obese II’) 69 (0.2) 

BMI* criteria by WHO-WPRO(Asians)-Modified§ at age18-20 

<18.5 (‘underweight’) 7,051 (17.7) 

≥18.5 to <20.5 (‘normal range I’) 13,511 (33.8) 

≥20.5 to <23 (‘normal range II’) 14,193 (35.5) 

≥23 to <25 (‘overweight at risk’) 3,948 (9.9) 

≥25 (‘obese’) 1,230 (3.1) 
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Table 3. Distribution of maternal characteristics by pre-gestational body mass index at age 18-20 (N=39,933) 

Variable  
(N or mean, % or 
S.D) 

BMI BMI BMI BMI BMI 

P-value <18.5kg/㎡ ≥18.5 to <20.5kg/㎡ ≥20.5 to <23kg/㎡ ≥23 to <25kg/㎡ ≥25kg/㎡ 

(n=6,979) (n=13,380) (n=14,008) (n=3,896) (n=1,193) 

Age                     <0.001 
40-49 3,671  (52.1) 6,535 (48.4) 5,857 (41.3) 1,333 (33.8) 303 (24.6) 

 
50 -59 2,462 (34.9) 5,229 (38.7) 5,924 (41.7) 1,699 (43.0) 495 (40.2) 

 
  60-69 918 (13.0) 1,747 (12.9) 2,412 (17.0) 916 (23.2) 432 (35.1) 

 
Education                     <0.001 

   Below high 
school 

4,957 (71.0) 9,940 (74.4) 11,403 (81.3) 3,366 (86.4) 1,131 (93.0) 
 

   More than 
College 

2,022 (29.0) 3,416 (25.6) 2,618 (18.7) 531 (13.6) 85 (7.0) 
 

Smoking                     0.004 

   Never 6,672 (96.0) 12,983 (96.8) 13,655 (97.0) 3,817 (97.1) 1,187 (96.8) 
 

   Ever 275 (4.0) 427 (3.2) 424 (3.0) 115 (2.9) 39 (3.2) 
 

Smoking  
pack-year 

7.5 (7.3) 8.2 (8.3) 10.2 (10.2) 8.4 (8.9) 8.9 (9.4) 0.004 

Drinking                     <0.001 

Never 4,484 (64.3) 8,895 (66.1) 9,520 (67.4) 2,734 (69.4) 871 (70.9) 
 

Ever 2,492 (35.7) 4,554 (33.9) 4,598 (32.6) 1,204 (30.6) 357 (29.1)   

Drinking duration(drinkers only) 
        

<0.001 
   1-5 years 443 (19.8) 738 (17.9) 763 (18.1) 181 (16.2) 43 (12.8) 

 
   6-10 years 515 (23.0) 955 (23.2) 900 (21.4) 258 (23.1) 81 (3.0) 

    11-20 years 755 (33.7) 1,359 (34.6) 1,379 (32.8) 340 (30.5) 92 (27.5) 
    21-30 years 432 (19.3) 865 (21.0) 962 (22.9) 260 (23.3) 79 (23.6) 
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   31-40 years 78 (3.5) 182 (4.4) 168 (4.0) 62 (5.6) 31 (9.3) 
 

   ≥41 years 17 (0.8) 21 (0.5) 35 (0.8) 14 (1.3) 9 (2.7) 
 

Exercise                     <0.001 

   Regular 
exercise 

3,639 (51.8) 7,198 (53.4) 7,456 (52.6) 1,989 (50.5) 541 (44.0)  
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Table 4. Distribution of reproductive characteristics by pre-gestational body mass index at age 18-20 (N=39,456). 

Variable  

BMI BMI BMI BMI BMI 

P-value <18.5kg/㎡ ≥18.5 to <20.5kg/㎡ ≥20.5 to <23kg/㎡ ≥23 to <25kg/㎡ ≥25kg/㎡ 

(n=6,979) (n=13,380) (n=14,008) (n=3,896) (n=1,193) 

  (mean, SD*)   
Menarche age 16.4 (4.1) 16.1 (3.6) 16.2 (3.5) 16.2 (3.3) 16.2 (2.7) <0.001 
First pregnancy age 25.6 (3.3) 25.4 (3.2) 25.1 (3.1) 24.7 (3.1) 24.2 (2.9) <0.001 
Total children number 2.2 (0.8) 2.6 (0.8) 2.4 (0.9) 2.5 (1.0) 2.8 (1.1) <0.001 
Artificial abortion number 2.2 (1.7) 2.2 (1.5) 2.2 (1.6) 2.4 (1.7) 2.4 (1.9) <0.001 
First artificial abortion age 28.2 (4.4) 28.3 (4.3) 28.2 (4.3) 28.1 (4.4) 28.8 (4.6) 0.065 
C-sec No. 1.6 (0.6) 1.7 (0.6) 1.6 (0.6) 1.7 (0.6) 1.6 (0.7) 0.103 
First C-sec age 29.6 (4.3) 29.2 (4.3) 29.4 (4.2) 28.7 (4.3) 29.0 (4.7) 0.035 

  (N , %)   

Artificial abortion (+) 4,707 (67.4) 9,146 (68.2) 9,792 (69.3) 2,609 (66.5) 783 (64.0) <0.001 
C-sec† (+) 632 (18.9) 1,144 (16.6) 1,117 (15.2) 263 (12.2) 75 (11.1) <0.001 
Macrosomia(+) 566 (8.3) 1,087 (8.3) 1,175 (8.5) 337 (8.8) 86 (7.3) 0.465 
Gestational diabetes(+) 64 (1.1) 123 (1.0) 123 (1.0) 39 (1.1) 7 (0.6) 0.669 
Gestational hypertension(+) 369 (5.3) 664 (5.0) 744 (5.3) 226 (5.8) 57 (4.7) 0.276 

First pregnancy outcome                 0.006 

Normal Delivery(+) 5,649 (81.0) 10,927 (81.7) 11,524 (82.0) 3,267 (83.5) 1,046 (85.7) 
 

Stillbirth(+) 63 (0.9) 89 (0.7) 106 (0.8) 39 (1.0) 14 (1.2) 
 

Extrauterine pregnancy(+) 32 (0.5) 53 (0.4) 53 (0.4) 12 (0.3) 3 (0.3) 
 

Current pregnancy(+) 1 (0.0) 1 (0.0) 1 (0.0) 0 (0.0) 0 (0.0) 
 

Spontaneous abortion(+) 533 (7.6) 987 (7.4) 1,020 (7.3) 271 (6.9) 77 (6.3) 
 

Artificial abortion(+) 698 (10.0) 1,318 (9.9) 1,357 (9.7) 326 (8.3) 80 (6.6) 
 

* Standard deviation. † Caesarean section.  
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Table 5. Distribution of maternal characteristics by having experience of 
birth of spontaneous abortion. 

Variable 

Spontaneous 
abortion(+) 

Spontaneous 
abortion(-) 

p-value 
(n=9,367) (n=29,784) 

N or mean (% or SD‡) 

Age         0.001 
40-49 4,230 (45.2) 13,156 (44.2) 

 
50-59 3,557 (38.0) 11,933 (40.1) 

 
  60-69 1,580 (16.9) 4,695 (15.8) 

 
BMI* criteria by WHO †(worldwide) at age18-20   0.001 

<18.5(‘underweight’) 1,775 (19.0) 5,130 (17.2) 
 

≥18.5 to <25  

(‘normal range’) 
7,290 (77.8) 23,772 (79.8) 

 

≥25 to <30  

(‘overweight at risk’) 
287 (3.1) 831 (74.3) 

 

≥30 to <35 

(‘obese I’) 
13 (0.1) 34 (0.1) 

 

≥35 to <40 

(‘obese II’) 
2 (0.0) 6 (0.0) 

 

≥40 

(‘obese III’) 
0 (0.0) 11 (0.0) 

 

BMI* criteria by WHO-WPRO ‡(Asians) at age18-20   <0.001 
<18.5  
(‘underweight’) 

1,775 (19.0) 5,130 (17.2) 
 

≥18.5 to <23 

(‘normal range’) 
64 (68.7) 20,747 (69.7) 

 

≥23 to <25 

(‘overweight at risk’) 
851 (9.1) 3,025 (10.2) 

 

≥25 to <30  

(‘obese I’) 
287 (25.7) 831 (2.8) 

 

≥25  

(‘obese II’) 
15 (0.2) 51 (0.2) 

 

BMI* criteria by WHO-WPRO(Asians)-Modified§ at age18-20   <0.001 

<18.5  
(‘underweight’) 

1,775 (19.0) 5,130 (17.2) 
 

≥18.5 to <20.5  

(‘normal range I’) 
3,180 (34.0) 10,092 (33.9) 

 

≥20.5 to <23  

(‘normal range II’) 
3,259 (34.8) 10,655 (35.8) 

 

≥23 to <25 851 (9.1) 3,025 (10.2) 
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(‘overweight at risk’) 

≥25  

(‘obese’) 
302 (3.2) 882 (3.0) 

 

Education         0.006 

  - Middle school 3,423 (36.9) 10,825 (36.8) 
 

High school(graduated) 3,695 (39.8) 12,154 (41.3) 
 More than college 2,163 (23.3) 6,440 (21.9) 
 

Smoking         0.123 

   Never 8,972 (96.6) 28,656 (96.9) 
    Ever  315 (3.4) 908 (3.1) 
 Smoking Pack-Year(PY) 8.4 (9.0) 8.9 (8.9) 0.422 

Drinking         0.648 

   Never 6,329 (67.1) 19,823 (66.9) 
    Ever  3,058 (32.9) 9,829 (33.2)   

Drinking duration(drinkers only)       0.825 

   1-5 years 497 (18.0) 1,627 (18.1) 
    6-10 years 616 (22.3) 2,046 (22.8) 
    11-20 years 911 (33.0) 2,921 (32.5) 
    21-30 years 591 (21.4) 1,940 (21.6) 
    31-40 years 120 (4.3) 384 (4.3) 
 

   ≥41 years 27 (1.0) 65 (0.7) 
 

Exercise         0.658 

Regular exercise 4,872 (52.1) 15,576 (52.4) 
 

Reproductive factors           

Menarche age 15.2 (1.8) 15 (1.8) 0.934 
First pregnancy age 25.5 (3.2) 25.3 (3.1) <0.001 
Total children No. 2.4 (0.9) 2.3 (0.9) <0.001 
C-sec (+) 907 (20.3) 2,299 (14.9) <0.001 
C-sec No. 1.6 (0.6) 1.7 (0.6) 0.007 
First C-sec age 29.9 (4.4) 29.1 (4.2) 0.106 
Macrosomia delivery(+) 822 (9.1) 2,367 (8.1) 0.005 
Artificial abortion Hx(+) 6,285 (67.6) 20,255 (68.2) 0.273 
GDM(+) 110 (1.3) 243 (0.9) 0.001 
GHT(+) 562 (6.1) 1,459 (4.9) <0.001 
First pregnancy outcome 

    
<0.001 

  Normal delivery(+) 5,674 (61.0) 26,217 (88.7) 
 

  Stillbirth(+) 128 (42.0) 177 (0.6) 
 

  Extrauterine pregnancy(+) 43 (0.5) 103 (0.4) 
 

  Current pregnancy(+) 1 (0.0) 2 (0.0) 
 

  Artificial abortion(+) 713 (10.9) 2,944 (10.0)  

 



55 

 

Table 6. Odds ratio (OR) and 95% confidence intervals (95% C.I.) of spontaneous abortion by body mass index (BMI) at 
age of 18-20 (N=39,933). 

Variable 
BMI <18.5kg/㎡ 

BMI  
≥18.5 to 20.5 

BMI  
≥20.5 to <23kg/㎡ 

BMI  
≥23 to <25kg/㎡ 

BMI ≥25kg/㎡  

(n=7,051) (n=13,511) (n=14,193) (n=3,948) (n=1,230) 

  
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR  
No.of 
SPA 

OR (95% C.I.) 

COR  1,795 1.23 (1.12- 1.35) 3,213 1.12 (1.03- 1.22) 3,291 1.08 (0.99- 1.18) 863 1 (ref.) 309 1.20 (1.04- 1.40) 

A(1)OR  1,783 1.23 (1.12- 1.36) 3,185 1.12 (1.03- 1.23) 3,262 1.09 (1.00- 1.18) 851 1 (ref.) 303 1.19 (1.03- 1.39) 

A(2)OR  1,733 1.25 (1.13- 1.37) 3,082 1.13 (1.03- 1.23) 3,170 1.09 (1.00- 1.19) 827 1 (ref.) 297 1.20 (1.03- 1.39) 

A(3)OR 1,492 1.26 (1.14- 1.39) 1,778 1.15 (1.04- 1.26) 1,882 1.11 (1.01- 1.21) 750 1 (ref.) 275 1.21 (1.04- 1.42) 

Adjusted(1) for age, education and adjusted(2) for age, education, first pregnancy age, total number of children and adjusted(3) for age, education, first 
pregnancy age, total number of children, gestational diabetes and hypertension. 
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Table 7. Odds ratio (OR) and 95% confidence intervals (95% C.I.) of spontaneous abortion at first parity by body mass 
index (BMI) at age of 18-20 (N=39,547). 

Variable 
BMI <18.5kg/㎡ BMI ≥18.5 to 20.5 BMI ≥20.5 to <23kg/㎡ 

BMI ≥23 to 

<25kg/㎡ 
BMI ≥25   

(n=6,976) (n=13,375) (n=14,061) (n=3,915) (n=1,220) 

  
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR  
No.of 
SPA 

OR (95% C.I.) 

COR  533 1.11 (0.96- 1.30) 987 1.07 (0.93- 1.23) 1,020 1.05 (0.92- 1.21) 271 1 (ref.) 77 0.91 (0.70- 1.78) 

A(1)OR  529 1.01 (0.87- 1.18) 974 0.98 (0.85- 1.13) 1,010 1.00 (0.87- 1.16) 269 1 (ref.) 75 0.94 (0.72- 1.22) 

A(2)OR  497 0.98 (0.83- 1.15) 916 0.95 (0.82- 1.10) 962 0.99 (0.86- 1.14) 257 1 (ref.) 72 0.96 (0.73- 1.26) 

A(3)OR 450 1.09 (0.92- 1.29) 836 1.017 (0.87- 1.19) 892 1.07 (0.92- 1.24) 226 1 (ref.) 69 1.04 (0.79- 1.38) 

Adjusted(1) for age, education and adjusted(2) for age, education, first pregnancy age, total number of children and and adjusted(3) for age, education, first 
pregnancy age, total number of children, gestational diabetes and hypertension. 
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Tables8. Odds ratio (OR) and 95% confidence intervals (95% C.I.) of number of spontaneous abortion (0,1,2+)  
by body mass index(BMI) at age of 18-20 

  
No.of BMI <18.5kg/㎡ BMI ≥18.5 to <20.5kg/㎡ BMI ≥20.5 to <23kg/㎡ 

BMI ≥23 to 

<25kg/㎡ 
BMI ≥25kg/㎡ 

SPA* (n=7,051) (n=13,511) (n=14,193) (n=3,948) (n=1,230) 

    Case No. OR (95% C.I.) Case No. OR (95% C.I.) Case No. OR (95% C.I.) Case No. OR Case No. OR (95% C.I.) 

COR 
0 vs. 1 1,165  1.16 (1.04- 1.30) 2,175  1.11 (1.00- 1.22) 2,228  1.07 (0.97- 1.18) 592  1(ref.) 202  1.15 (0.96- 1.37) 

0 vs. 2+ 556  1.33 (1.13- 1.55) 930  1.13 (0.98- 1.31) 945  1.08 (0.94- 1.25) 248 1(ref.) 102  1.38 (1.09- 1.76) 

p-ordinal     <0.001       0.015       0.114           0.007     

p-
heterogeneity     0.180       0.819       0.893           0.221     

A(1)OR 
0 vs. 1 1,158  1.18 (1.06- 1.32) 2,157 1.12 (1.01- 1.24) 2,210 1.08 (0.98- 1.19) 583 1(ref.) 198 1.04 (1.00- 1.08) 

0 vs. 2+ 554  1.31 (1.12- 1.54) 920 1.11 (0.96- 1.29) 935 1.08 (0.98- 1.19) 245 1(ref.) 100 0.99 (0.94- 1.05) 

p-ordinal     <0.001       0.015       0.097          0.010     

p-
heterogeneity     0.271       0.945       1.000          0.177     

A(2)OR 
0 vs. 1 1,130  1.20 (1.08- 1.35) 2,097 1.13 (1.02- 1.25) 2,158 1.09 (0.99- 1.21) 565 1(ref.) 195 1.14 (0.95- 1.37) 

0 vs. 2+ 535  1.31 (1.12- 1.54) 893 1.11 (0.96- 1.29) 907 1.07 (0.92- 1.24) 240 1(ref.) 98 1.38 (1.08- 1.76) 

p-ordinal    <0.001    0.012    0.074      0.010     

p-
heterogeneity     0.390       0.840       0.808          0.228     

A(3)OR 0 vs. 1 992  1.21 (1.08- 1.36) 1,912 1.14 (1.02- 1.27) 1,989 1.10 (0.99- 1.22) 523 1(ref.) 181 1.14 (0.94- 1.37) 
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0 vs. 2+ 448  1.33 (1.12- 1.59) 790 1.15 (0.98- 1.35) 811 1.11 (0.94- 1.30) 210 1(ref.) 92 1.45 (1.12- 1.88) 

p-ordinal    <0.0001       0.006       0.040           0.007     

p-
heterogeneity     0.356       0.908       0.955          0.131     

Adjusted(1) for age, education and adjusted(2) for age, education, first pregnancy age, total number of children and and adjusted(3) for age, education, first pregnancy age, total 
number of children, 
 gestational diabetes and hypertension. 
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Table 9. Characteristics of demographic and reproductive factors on participants by body mass index(BMI) group in the 
Health Examinees' study(HEXA). 

  

BMI <18.5kg/㎡ BMI ≥18.5 to <20.5kg/㎡ BMI ≥20.5 to <23kg/㎡ BMI ≥23 to <25kg/㎡ BMI ≥30kg/㎡ 

P¶ (n=7,051) (n=13,511) (n=14,193) (n=3,948) (n=1,230) 

Case No. a*OR (95% C.I.) Case No. a*OR (95% C.I.) Case No. a*OR (95% C.I.) Case No. aOR Case No. a*OR (95% C.I.) 

Smoking                                     0.031 

Never 1,411  1.23 (1.11- 1.36) 2,671  1.12 (1.02- 1.23) 2,782  1.09 (0.99- 1.19) 736  1(ref.) 268  1.20 (1.02- 1.41) 
 Ever 60  2.32 (1.19- 4.49) 89  2.00 (1.06- 3.78) 83  1.96 (1.04- 3.71) 13 1(ref.) 7  2.02 (0.72- 5.68) 
 

p-heterogeneity  0.065    0.079    0.073      0.327    

FPAG †                   0.988 

≤25 780 1.29 (1.13- 1.47) 1,465 1.15 (1.02- 1.29) 1,626 1.07 (0.96- 1.21) 471 1(ref.) 205 1.30 (1.08- 1.57) 
 

>25 712 1.23 (1.05- 1.45) 1,313 1.15 (0.99- 1.33) 1,256 1.16 (1.00- 1.34) 279 1(ref.) 70 1.01 (0.75- 1.35) 
 

p-heterogeneity  0.674    0.993    0.422      0.149    

GDM‡                   0.536 

Never 1,472 1.25 (1.13- 1.38) 2,735 1.13 (1.03- 1.24) 2,847 1.10 (1.00- 1.21) 743 1(ref.) 275 1.22 (1.04- 1.43) 
 Ever 20 2.25 (0.83- 6.10) 43 2.51 (1.01- 6.26) 35 1.94 (0.77- 4.86) 7 1(ref.) 0 . . . 
 

p-heterogeneity  0.254    0.09    0.23          

GHT                   <0.001 

Never 1,393 1.21 (1.09- 1.35) 2,618 1.11 (1.01- 1.23) 2,706 1.08 (0.98- 1.18) 713 1(ref.) 261 1.19 (1.01- 1.41) 
 Ever 99 2.24 (1.45- 3.46) 160 1.70 (1.13- 2.56) 176 1.66 (1.11- 2.48) 37 1(ref.) 14 1.50 (0.73- 3.07) 
 

p-heterogeneity  0.007    0.047    0.039      0.548    

TC No.§                   0.754 

≤2 1,435 1.21 (1.07- 1.38) 2,707 1.11 (0.98- 1.25) 2,814 1.11 (0.99- 1.26) 751 1(ref.) 268 1.19 (0.94- 1.50) 
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>2 67 1.36 (1.15- 1.61) 94 1.22 (1.05- 1.41) 94 1.08 (0.94- 1.25) 13 1(ref.) 7 1.26 (1.01- 1.58) 
 

p-heterogeneity  0.278    0.314    0.759      0.708    

FCAG‖                   0.792 

≤28 76 1.77 (1.06- 2.95) 130 1.37 (0.85- 2.22) 139 1.65 (1.02- 2.67) 25 1(ref.) 7 1.00 (0.37- 2.54) 
 

>28 115 1.42 (0.87- 2.32) 161 1.20 (0.75- 1.92) 161 1.12 (0.70- 1.79) 30 1(ref.) 9 1.13 (0.46- 2.78) 
 

p-heterogeneity  0.548    0.689    0.258      0.861    

OC†† use                   0.402 

Never 1,216 1.24 (1.11- 1.39) 2,181 1.08 (0.97- 1.20) 2,293 1.09 (0.98- 1.21) 595 1(ref.) 207 1.19 (0.99- 1.43) 
 Ever 265 1.26 (1.01- 1.59) 584 1.42 (1.16- 1.74) 569 1.13 (0.93- 1.39) 153 1(ref.) 67 1.30 (0.93- 1.80) 
 

p-heterogeneity  0.902    0.02    0.738      0.652    

OC††year                  0.610 

≤1 113 1.28 (0.91- 1.80) 249 1.47 (1.08- 2.00) 258 1.19 (0.88- 1.60) 67 1(ref.) 21 1.02 (0.60- 1.76) 
 

>1 1281 1.24 (1.11- 1.39) 2328 1.10 (0.99- 1.21) 2438 1.09 (0.99- 1.21) 632 1(ref.) 232 1.22 (1.03- 1.46) 
 

p-heterogeneity  0.873    0.074    0.616      0.538    

*Adjusted for age, education, first pregnancy age, total number of children, gestational diabetes and gestational hypertension. †FPAG: First pregnant age,  

‡GDM: Gestational diabetes, §TC: Total children number,‖FCAG: First C-sec age,††Oral contraceptive,  P¶:P-interaction between designated factors and BMI 

as BMI<23 vs. BMI ≥23  
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Table 10. Difference between selected factors on risk between body mass index(BMI) and spontaneous abortion number  

  

  

No.of 
SPA* 
  

BMI  
<18.5kg/㎡ 

BMI  
≥18.5 to <20.5kg/㎡ 

BMI  
≥20.5 to <23kg/㎡ 

BMI  
≥23 to 

<25kg/㎡ 

BMI  
≥30kg/㎡ 

(n=7,602) (n=14,719) (n=14,720) (n=4,219) (n=1,355) 

Case 
No. 

a†OR (95% C.I.) 
Case 
No. 

aOR (95% C.I.) 
Case 
No. 

aOR (95% C.I.) 
Case 
No. 

aOR 
Case 
No. 

aOR (95% C.I.) 

Never  
smoked 

0 vs. 1 943 1.19 (1.05- 1.34) 1,846 1.12 (1.00- 1.25) 1,925 1.08 (0.97- 1.20) 515 1(ref.) 177 1.12 (0.93- 1.36) 

0 vs. 
2+ 

421 1.30 (1.09- 1.55) 752 1.12 (0.95- 1.32) 787 1.10 (0.94- 1.29) 205 1(ref.) 89 1.45 (1.12- 1.89) 

p-ordinal     
<0.00

1 
      0.021       0.081           0.010     

p-
heterogeneity     0.401       0.986       0.881           0.117     

Ever  
smoked 

0 vs. 1 39 2.37 (1.05- 5.34) 54 1.93 (0.88- 4.25) 55 2.11 (0.96- 4.62) 8 1(ref.) 4 1.85 (0.51- 6.72) 

0 vs. 
2+ 

20 2.12 (0.76- 5.93) 33 2.00 (0.75- 5.35) 19 1.11 (0.40- 3.08) 5 1(ref.) 2 1.52 (0.27- 8.48) 

p-ordinal     0.015       0.038       0.110           0.322     

p-
heterogeneity     0.970       0.954       0.328           0.860     

GHT ‡ 
 never 

0 vs. 1 936 1.17 (1.07- 1.53) 1,806 1.10 (0.99- 1.23) 1,875 1.07 (0.96- 1.19) 501 1(ref.) 170 1.10 (0.91- 1.33) 

0 vs. 
2+ 

410 1.28 (1.07- 1.53) 745 1.14 (0.96- 1.34) 756 1.09 (0.92- 1.28) 197 1(ref.) 88 1.47 (1.13- 1.92) 

p-ordinal     0.001       0.030       0.138           0.014     

p-
heterogeneity     0.482       0.757       0.875           0.081     
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GHT ‡  
ever 

0 vs. 1 56 2.02 (1.24- 3.30) 106 1.69 (1.07- 2.67) 114 1.54 (0.98- 2.41) 22 1(ref.) 11 1.69 (0.79- 3.63) 

0 vs. 
2+ 

38 1.92 (1.05- 3.49) 45 1.16 (0.65- 2.07) 55 1.24 (0.70- 2.18) 13 1(ref.) 3 0.71 (0.20- 2.54) 

p-ordinal     
0.000

3 
      0.020       0.016           0.299     

p-
heterogeneity     0.897       0.322       0.559           0.250     

Never  
used 

0 vs. 1 808 1.19 (1.04- 1.35) 1518 1.08 (0.96- 1.21) 1584 1.08 (0.96- 1.21) 418 1(ref.) 136 1.10 (0.89- 1.37) 

OC§  
0 vs. 
2+ 

367 1.32 (1.09- 1.60) 610 1.06 (0.89- 1.27) 645 1.09 (0.91- 1.30) 167 1(ref.) 68 1.41 (1.05- 1.90) 

p-ordinal     
0.000

3 
      0.200       0.143           0.042     

p-
heterogeneity     0.369       0.899       0.932           0.183     

Ever  
used 

0 vs. 1 176 1.23 (0.95- 1.61) 386 1.38 (1.09- 1.75) 388 1.13 (0.90- 1.43) 105 1(ref.) 45 1.25 (0.85- 1.84) 

OC§ 
0 vs. 
2+ 

78 1.36 (0.91- 2.02) 176 1.56 (1.10- 2.23) 164 1.20 (0.84- 1.72) 41 1(ref.) 22 1.61 (0.93- 2.77) 

p-ordinal     0.042       0.001       0.170           0.063     

p-
heterogeneity     0.68       0.558       0.78           0.462     

*SPA: Spontaneous abortion, † Adjusted for smoking, education, exercise, first pregnancy age, total number of children. ‡GHT: gestational hypertension. 

§ OC: oral contraceptive  
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Total women 
 
N=60,625 

Have ≥1 experience of 
pregnancy 
 
N=55,090 

No experience of 
pregnancy (1,516)  
or parity unknown(387) 
 
N=1,903 

No information of weight 
at age of 18-20 
 
N=13,886 

Delivered singleton 
babies only 
 
N=54,296 

Have valid 
information of 
weight at age 18-20 
 
N=40,410 

Have delivered twins 
more than once 
 
N=794 

Have adequate 
information for 
analysis 
 
N=39,933 

Had first pregnancy  
before age of 18-20 
 
N=477 

Age 40-69 
 
N=56,993 

Age other than 40-69 
 
N=3,632 

Figure1. Data management flow. 
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*BMI categories are such as below: BMI(1) <18.5kg/㎡, BMI(2) ≥18.5 to 

<20.5, BMI(3) ≥20.5 to <23kg/㎡, BMI(4) ≥23 to <25kg/㎡ and BMI(5) 

≥25kg/㎡ 

 

 

 

 

 

 

0.9
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<18.5 18.5-20.5 20.5-23 23-25 ≥25
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LCL

OR

BMI*

Figure2. Distribution of odds ratios (ORs) and 95% confidence 

interval (95%C.I.) of spontaneous abortion by body mass index (BMI) 

at age 18-20. 
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Figure3. Related factors between spontaneous abortion and adolescent underweight. 
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Appendix 1. Odds ratio (OR) and 95% confidence intervals (95% C.I.) of spontaneous abortion by BMI at age of 18-20 
(N=39,933). (Tentile BMI) 

Variable 

Ten*1 Ten2 Ten3 Ten4 Ten5 

(<17.94) (≥17.94 to <18.75) (≥18.75 to <19.37) (≥19.37 to <19.92) (≥19.92 to <20.44) 

No.of 
SPA† 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 

COR  1147 1.19 (1.08- 1.31) 1020 1.16 (1.05- 1.28) 949 1.16 (1.04- 1.28) 949 1.13 (1.02- 1.25) 876 1.02 (0.92- 1.13) 

A(1)OR   1138 1.19 (0.08- 1.32) 1014 1.17 (1.05- 1.29) 938 1.15 (1.04- 1.28) 938 1.13 (1.02- 1.25) 874 1.03 (0.93- 1.14) 

A(2)OR   1109 1.21 (1.09- 1.34) 980 1.18 (1.06- 1.31) 916 1.17 (1.05- 1.30) 906 1.13 (1.02- 1.26) 839 1.02 (0.92- 1.14) 

A(3)OR 927 1.22 (1.09- 1.36) 890 1.23 (1.10- 1.37) 827 1.21 (1.08- 1.35) 820 1.16 (1.04- 1.29) 752 1.05 (0.94- 1.18) 

Variable 
Ten6 Ten7 Ten8 Ten9 Ten10 

(≥20.44 to <20.96) (≥20.96 to <21.63) (≥21.63 to <22.31) (≥22.31 to <23.44) (≥23.44) 

  
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 

COR  920 1.08 (0.97- 1.20) 916 1.05 (0.94- 1.16) 874 1.03 (0.93- 1.14) 923 1 (ref)   897 1.06 (0.96- 1.18) 

A(1)OR   910 1.08 (0.98- 1.20) 911 1.06 (0.95- 1.17) 866 1.03 (0.93- 1.14) 912 1 (ref) 
 

883 1.06 (0.96- 1.18) 

A(2)OR   880 1.09 (0.98- 1.21) 883 1.06 (0.95- 1.18) 851 1.05 (0.95- 1.17) 884 1 (ref)   861 1.07 (0.96- 1.19) 

A(3)OR 803 1.12 (1.00- 1.26) 792 1.07 (0.96- 1.20) 780 1.08 (0.97- 1.21) 793 1.00 (ref) 
 

793 1.09 (0.98- 1.22) 

Adjusted(1) for age, education and adjusted(2) for age, education, first pregnancy age, total number of children and adjusted(3) for age, education, first 

pregnancy age, total number of children, gestational diabetes and hypertension. *Ten: abbreviation for tentile. †Abbreviation for Spontaneous abortion. 
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Appendix 2. Odds ratio(OR) and 95% confidence intervals(95% C.I.) of 
spontaneous abortion by BMI at age of 18-20 (N=39,933).(Quintile BMI) 

Variable 
Qi*1 Qi2 Qi3 

(<18.75) (≥18.75 to <19.92) (≥19.92 to <20.96) 

  
No.of  
SPA‡ 

OR (95% C.I.) 
No.of  
SPA‡ 

OR (95% C.I.) 
No.of  
SPA‡ 

OR (95% C.I.) 

COR  2,167 1.17 (1.08- 1.28) 1,898 1.14 (1.04- 1.25) 1,796 1.05 (0.96- 1.15) 

A(1)OR  2,152 1.18 (1.08- 1.29) 1,876 1.14 (1.04- 1.25) 1,784 1.06 (0.96- 1.16) 

A(2)OR  2,089 1.19 (1.09- 1.31) 1,822 1.15 (1.05- 1.26) 1,719 1.05 (0.96- 1.16) 

A(3)OR 1,817 1.22 (1.11- 1.35) 1,647 1.18 (1.07- 1.30) 1,555 1.09 (0.99- 1.20) 

Variable 
Qi4 Qi5-1† Qi5-2† 

(≥20.96 to <22.31) (≥22.31 to <23.44) (≥23.44) 

  
No.of  
SPA‡ 

OR (95% C.I.)  
No.of  
SPA‡ 

OR   
No.of  
SPA‡ 

OR (95% C.I.) 

COR  1,790 1.04 (0.95- 1.14)  923 1(ref)   897 1.06 (0.96- 1.18) 

A(1)OR  1,777 1.04 (0.95- 1.14)  912 1(ref) 
 

883 1.06 (0.96- 1.18) 

A(2)OR  1,734 1.06 (0.96- 1.16)  884 1(ref)   861 1.07 (0.96- 1.19) 

A(3)OR 1,572 1.08 (0.98- 1.19)  793 1(ref) 
 

793 1.09 (0.98- 1.22) 

Adjusted(1) for age, education and adjusted(2) for age, education, first pregnancy age, total 
number of children and and adjusted(3) for age, education, first pregnancy age, total number 
of children, gestational diabetes and hypertension. *Qi: abbreviation for quintile. †Fifth 
quintile was divided by two categories in order to have similar BMI range of 22.6-25kg/m2 
as the reference range in the previous large collaborative cohort study in Asia. 
‡Abbreviation for Spontaneous abortion. 

 
 
 
 
 
 
 
 



80 

 

Appendix 3. Odds ratio (OR) and 95% confidence intervals (95% C.I.) of spontaneous abortion at first parity by BMI at 
age of 18-20 (N=39,547). (Tentile BMI) 

Variable 

Ten*1 Ten2 Ten3 Ten4 Ten5 

(<17.94) (≥17.94 to <18.75) (≥18.75 to <19.37) (≥19.37 to <19.92) (≥19.92 to <20.44) 

No.of 
 

fSPA† 
OR (95% C.I.) 

No.of 
 

fSPA† 
OR (95% C.I.) 

No.of 
 

fSPA† 
OR (95% C.I.) 

No.of 
 

fSPA† 
OR (95% C.I.) 

No.of 
 

fSPA† 
OR (95% C.I.) 

COR  349 1.19 (1.08- 1.31) 309 1.16 (1.05- 1.28) 293 1.16 (1.04- 1.28) 285 1.13 (1.02- 1.25) 264 1.02 (0.92- 1.13) 

A(1)OR   347 1.06 (0.90- 1.25) 305 1.04 (0.87- 1.23) 287 1.05 (0.88- 1.24) 282 1.03 (0.86- 1.22) 263 0.95 (0.80- 1.13) 

A(2)OR   325 1.05 (0.89- 1.24) 288 1.03 (0.87- 1.23) 275 1.05 (0.88- 1.26) 263 1.01 (0.84- 1.20) 243 0.92 (0.77- 1.11) 

A(3)OR 287 1.14 (0.95- 1.36) 274 1.13 (0.94- 1.36) 249 1.09 (0.91- 1.32) 239 1.03 (0.86- 1.25) 219 0.95 (0.79- 1.15) 

Variable 
Ten6 Ten7 Ten8 Ten9 Ten10 

(≥20.44 to <20.96) (≥20.96 to <21.63) (≥21.63 to <22.31) (≥22.31 to <23.44) (≥23.44) 

  
No.of 

 
fSPA† 

OR (95% C.I.) 
No.of 

 
fSPA† 

OR (95% C.I.) 
No.of 

 
fSPA† 

OR (95% C.I.) 
No.of 

 
fSPA† 

OR (95% C.I.) 
No.of 

 
fSPA† 

OR (95% C.I.) 

COR  274 1.08 (0.97- 1.20) 274 1.05 (0.94- 1.16) 299 1.03 (0.93- 1.14) 286 1 (ref)   255 1.06 (0.96- 1.18) 

A(1)OR   270 0.99 (0.84- 1.18) 273 0.99 (0.84- 1.18) 296 1.13 (0.96- 1.34) 282 1 (ref) 
 

252 1.02 (0.85- 1.22) 

A(2)OR   256 1.00 (0.83- 1.19) 259 1.00 (0.84- 1.20) 287 1.17 (0.98- 1.39) 265 1 (ref)   243 1.06 (0.88- 1.27) 

A(3)OR 241 1.06 (0.88- 1.28) 235 1.03 (0.86- 1.24) 268 1.22 (1.02- 1.47) 238 1.00 (ref) 
 

223 1.07 (0.89- 1.30) 

Adjusted(1) for age, education  and adjusted(2) for age, education, first pregnancy age, total number of children and and adjusted(3) for age, education, 

first pregnancy age, total number of children, gestational diabetes and hypertension. *Ten: abbreviation for tentile. †Abbreviation for first spontaneous 

abortion. 
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Appendix 4. Odds ratio(OR) and 95% confidence intervals(95% C.I.) of 
spontaneous abortion at first parity by BMI at age of 18-20 (N=39,547). 
(Quintile BMI) 

Variable 
Qi*1 Qi2 Qi3 

(<18.75) (≥18.75 to <19.92) (≥19.92 to <20.96) 

  
No.of 

fSPA‡ 
OR (95% C.I.) 

No.of 
fSPA‡ 

OR (95% C.I.) 
No.of 

fSPA‡ 
OR (95% C.I.) 

COR  658 1.12 (0.97- 1.29) 578 1.10 (0.95- 1.27) 538 1.01 (0.87- 1.17) 

A(1)OR   652 1.05 (0.91- 1.22) 569 1.04 (0.89- 1.20) 533 0.97 (0.84- 1.13) 

A(2)OR   613 1.04 (0.90- 1.21) 538 1.03 (0.88- 1.20) 499 0.96 (0.82- 1.12) 

A(3)OR 561 1.13 (0.97- 1.33) 488 1.06 (0.91- 1.25) 460 1.01 (0.86- 1.19) 

Variable 
Qi4 Qi5-1† Qi5-2† 

(≥20.96 to <22.31) (≥22.31 to <23.44) (≥23.44) 

  
No.of 

fSPA‡ 
OR (95% C.I.) 

No.of 
 fSPA‡ 

OR   
No.of 

fSPA‡ 
OR (95% C.I.) 

COR  573 1.07 (0.92- 1.24)   286 1(ref)   255 0.96 (0.81- 1.15) 

A(1)OR   569 1.06 (0.92- 1.23) 
 

282 1(ref) 
 

252 1.02 (0.85- 1.22) 

A(2)OR   546 1.08 (0.93- 1.26)   265 1(ref)   243 1.06 (0.88- 1.27) 

A(3)OR 503 1.12 (0.96- 1.32) 
 

238 1(ref) 
 

223 1.07 (0.89- 1.30) 

Adjusted(1) for age, education and adjusted(2) for age, education, first pregnancy age, total 
number of children and and adjusted(3) for age, education, first pregnancy age, total number of 
children, gestational diabetes and hypertension. *Qi: abbreviation for quintile. †Fifth quintile 
was divided by two categories in order to have similar BMI range of 22.6-25kg/m2 as the 
reference range in the previous large collaborative cohort study in Asia. ‡Abbreviation for first 
spontaneous abortion.  
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Appendix 5. Odds ratio (OR) and 95% confidence intervals (95% C.I.) of spontaneous abortion by body mass index (BMI) at age 35  
(N=1,420). 

Variable 
BMI <18.5kg/㎡ BMI ≥18.5 to 20.5 BMI ≥20.5 to <23kg/㎡ 

BMI ≥23 to 

<25kg/㎡ 
BMI ≥25   

(n=156) (n=403) (n=522) (n=220) (n=119) 

  
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR (95% C.I.) 
No.of 
SPA 

OR  
No.of 
SPA 

OR (95% C.I.) 

COR  51 1.30 (0.83- 2.05) 122 1.10 (0.76- 1.59) 162 1.13 (0.79- 1.60) 62 1 (ref.) 26 0.69 (0.41- 1.18) 

A(1)OR  47 1.25 (0.79- 1.99) 120 1.14 (0.79- 1.66) 161 1.17 (0.82- 1.68) 61 1 (ref.) 26 0.71 (0.42- 1.22) 

A(2)OR  29 1.27 (0.68- 2.38) 69 1.08 (0.65- 1.79) 78 0.93 (0.57- 1.53) 33 1 (ref.) 13 0.56 (0.27- 1.18) 

A(3)OR 24 1.49 (0.75- 2.95) 63 1.26 (0.73- 2.18) 67 1.00 (0.58- 1.72) 27 1 (ref.) 11 0.57 (0.25- 1.27) 

Adjusted(1) for age, education and adjusted(2) for age, education, first pregnancy age, total number of children and and adjusted(3) for age, education, first 
pregnancy age, total number of children, gestational diabetes and hypertension. 
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국  (Abstract in Korean) 

 

18 에  20  체질량지   

자연 산   

 

 

재 

울 학  학원 

학과 동과  종양생 학 공 

 

연구목 : 한국인에  자연 산  알 진 임신  약 21%에  

생한다. 지 지  헌들  부분 만 인구에  자연 산 

험증가를 보고하 며,  연구들만이 체  집단에  

자연 산 험에 하여 하고 있다. 체질량지  사망과  

계를 연구한 근  연구에  아시아인  럽인종과 다른 

험분포를 보이고 있  보고한 것처럼, 존  높  체질량지 가 

자연 산에 미 는 험에 해 한국인에  다시 검  필요가 있다. 

본 연구는 한국인에  임신  청소  체질량지 가 자연 산에 

미 는 향  악하고자 행 었다. 
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법: 한국인 체 역학조사사업  일부인 도시 코 트에 

참여한 40 에  69  사람들 , 18  20  체  보가 

있 면  임신 이 있고, 모  단태아를 임신한 여 에 한하여 

분  시행하 다.  39,933 명이 종 분 에 포함 었다. 사  

 면 들과  지 면  통하여 생 습   여 에 

 요인들에 한 보를 집하 다. 체질량지  범 는 

계보건 구-아시아태평양 지역  체질량지    

10 분 , 20 분  등  나 고 변 하 다. 지스틱 

회귀분  통해 즈   95% 신뢰구간  산출하 며 차  

지스틱 회귀분 과 이질  검  등  통해 하  집단별 차이를 

검 하 다.  

결과: 계보건 구-아시아태평양 지역  체질량지  , 

‘과체 군’(체질량지  23 이상 25 미만)에 하여  

‘ 체 군’(체질량지  18.5 미만)  자연 산 험  26% 

증가하 며(95% 신뢰구간 1.1-1.4) ‘ 상체  I’(체질량지  18.5 

이상, 20.5 미만)과 ‘ 상체  II’(체질량지  20.5 이상 23 

미만)에  험  각각 1.2  (95% 신뢰구간 1.0-1.3), 

1.1 (95% 신뢰구간 1.0-1.2)씩 증가하 다. ‘ 만군’(체질량지  

25 이상)에  험  또한 1.2  (95% 신뢰구간 1.0-1.4) 

증가하 며, 이는 자연 산  횟 가  번 이상  증가할 경우 

 큰 험도  증가를 보 다.  또한 이 는 과체 군  

외한 모든 체 군에 는, 연자들  자연 산에 한 험이 

연자에 해 약   도 증가하 다.   

결 : 한국인에  체질량지  자연 산에 한 험  역 J 

태   띄고 있다. 이는 임신  체질량지  상범 에 

한 에 해  재고찰하고, 자연 산  생에 한 일차  

해 보다 포 인 근이 필요함  명해 다.  
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