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A B S T R A C T   

The relationship between high body mass index (BMI) >25 kg/m2 and risk for stillbirth in the Japanese popu
lation remains unclear. This study aimed to estimate the impact of maternal obesity on the risk of stillbirth in a 
Japanese population. This prospective cohort study used data from the Japan Environment and Children’s Study, 
which recruited pregnant individuals between 2011 and 2014. A total of 93,772 fetuses were considered eligible 
for inclusion in this study. Stillbirth (fetal death before or during labor at ≥22 completed weeks of gestation) 
rates were compared among four pre-pregnancy BMI groups: underweight (<18.5 kg/m2), reference (18.5 to 
<25.0 kg/m2), overweight (25.0 to <30.0 kg/m2), and obese (≥30.0 kg/m2). The association between pre- 
pregnancy BMI and the risk of stillbirth was estimated using multiple logistic regression analyses. The overall 
stillbirth incidence was 0.33% (305/93,722). Compared with the reference group, the risk of stillbirth was 
significantly higher in the overweight group (adjusted odds ratio [aOR]: 1.55; 95% confidence interval [CI]: 
1.08–2.23) and the obese group (aOR: 2.60; 95% CI: 1.59–4.24). The overall incidence of early stillbirth (i.e., 
<28 weeks) was 0.17% (155/93,722). Similarly, after adjusting for potential confounding factors, the risk of 
early stillbirth was significantly higher in the obese group (aOR: 4.33; 95% CI: 2.44–7.70). Increased maternal 
BMI was associated with an increased risk of stillbirth in the Japanese population. Therefore, counselling women 
planning for pregnancy on the importance of an appropriate pre-pregnancy BMI to minimize the risk of stillbirth 
is important.   

1. Introduction 

Stillbirth, defined as fetal death before or during labor at ≥22 
completed weeks of gestation, affects 3.0 per 1,000 deliveries in Japan 
(Haruyama et al., 2018; Sugai et al., 2017); its prevalence is much higher 
in low- and middle-income countries (Blencowe et al., 2016; Carmichael 
et al., 2015). The loss of an unborn baby is a tragic event for a family; it 
substantially impacts parental mental health and leads to high rates of 
depression and anxiety (Carmichael et al., 2015). The overall prevalence 
of stillbirths has declined in recent decades; however, this decrease is 
largely limited to late stillbirth (i.e., ≥28 weeks) and can be attributed to 

improved obstetric care and prevention of intrapartum complications 
(Haruyama et al., 2018; Maeda, 2014). 

In Japan, the perinatal mortality rate has declined significantly over 
the past 30 years and is among the lowest in the world (Haruyama et al., 
2018). However, the prevalence of early stillbirth (i.e., <28 weeks), 
which comprises almost half the total stillbirths, has not declined 
(Carmichael et al., 2015). Therefore, it is important to identify the risk 
factors of stillbirth and establish effective and appropriate prevention 
strategies to improve perinatal outcomes. 

To date, several risk factors for stillbirth have been identified, 
including obesity (Aune et al., 2014; Flenady et al., 2011), older 
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maternal age, nulliparity (Gardosi et al., 2013), history of previous 
stillbirth (Lamont et al., 2015), diabetes mellitus (DM) (Management of 
stillbirth: obstetric care consensus, 2020), hypertensive disorders 
(Management of stillbirth: obstetric care consensus, 2020), smoking 
(Pineles et al., 2016), systemic lupus erythematosus (SLE) (Buyon et al. 
2015), and abnormal thyroid function (Nijkamp et al., 2016). A meta- 
analysis from 13 high-income Western countries showed that being 
overweight and obese (body mass index [BMI] >25 kg/m2) were the 
highest-ranking modifiable risk factors for stillbirth among mothers 
(Flenady et al., 2011). However, it remains unclear whether this rela
tionship applies to the Japanese population, considering that the 
maternal physique differs among individuals of different races and 
ethnicities (Deurenberg et al., 2002; NCD Risk Factor Collaboration 
(NCD-RisC), 2016). It should be acknowledged that, on average, preg
nant women in Japan are physically shorter and thinner than those in 
Western countries (Deurenberg et al., 2002; NCD-RisC, 2016). Inter
estingly, a retrospective cross-sectional study using the Japan Society of 
Obstetrics and Gynecology Perinatal Database reported no significant 
association between being overweight/obese and stillbirth rates (Har
uyama et al., 2018). However, to the best of our knowledge, this is the 
only study to date to address the risk factors for and the causes of still
birth in Japan. Among the risk factors related to stillbirth, being over
weight/obese is a potentially modifiable factor. Evidence relating 
maternal physique to stillbirth is still insufficient in Japan, and Har
uyama et al.’s findings concerning the association between obesity and 
stillbirth differ from those reported in studies conducted in other 
countries. To further reduce the incidence of this tragic pregnancy 
complication, the relationship between being overweight/obese and the 
incidence of stillbirth in the Japanese population should be extensively 
examined. Examining the association between obesity and stillbirth in 
different countries and ethnic groups may provide a new opportunity to 
elucidate the pathways leading to stillbirth. Therefore, studies on 
obesity and stillbirth in Japanese population are also important for the 
medical/obstetric community outside of Japan. 

The primary purpose of this study was to determine whether obesity 
increases the risk of stillbirth, for which data from the Japan Environ
ment and Children’s Study (JECS) was used. Moreover, our secondary 
purpose was to analyze the association between obesity and early still
birth (i.e., <28 weeks). 

2. Materials and methods 

2.1. Study population 

The JECS is an ongoing nationwide prospective birth cohort study. 
The study was conducted at 15 Regional Centers in Japan (including 
Hokkaido, Miyagi, Fukushima, Chiba, Kanagawa, Koshin, Toyama, 
Aichi, Kyoto, Osaka, Hyogo, Tottori, Kochi, Fukuoka, and South Kyu
syu/Okinawa). Details of the JECS have been previously described 
(Ishitsuka et al., 2017; Kawamoto et al., 2014; Suzumori et al., 2020). 
Previous JECS’s studies revealed the representativeness of the study 
population to the general population of Japan (Michikawa et al., 2015; 
Michikawa et al., 2018). 

This study was conducted in compliance with the Strengthening the 
Reporting of Observational Studies in Epidemiology Statement guide
lines for observational studies. In this study, pregnant women were 
recruited between January 2011 and March 2014. The eligibility criteria 
for participation included residence in the study areas at the time of 
recruitment, expected delivery date after August 2011, comprehension 
of the Japanese language, and completion of a self-administered 
questionnaire. 

A total of 104,062 fetal records were included in this cohort. This 
study used the jecs-ta-201901930-qsn dataset, released in October 2019 
and revised in February 2020. We included only those mothers for 
whom complete obstetric and demographic data were available. 

2.2. Ethics statement 

The JECS protocol was reviewed and approved by the Ministry of the 
Environment’s Institutional Review Board on Epidemiological Studies 
and the Ethics Committees of all participating institutions. Written 
informed consent was obtained from all participants. The JECS was 
conducted in accordance with the Declaration of Helsinki and other 
national regulations and guidelines. 

2.3. Data collection 

The study participants completed questionnaires throughout the 
pregnancy (i.e., during the first and second/third trimesters) and post
partum periods (1 month after delivery) (Ishitsuka et al., 2017; Kawa
moto et al., 2014; Suzumori et al., 2020). The medical records at the 
time of registration and immediately after vaginal delivery or cesarean 
section were transcribed by physicians, midwives/nurses, and/or 
Research Co-ordinators. Information regarding maternal or paternal 
demographic factors was transcribed from the medical records during 
pregnancy. 

2.4. Exposure definitions 

The pre-pregnancy height and weight of the participants were tran
scribed from their medical records or the questionnaire. Pre-pregnancy 
BMI was calculated as weight in kilograms divided by height in meters 
squared according to the World Health Organization standard. Partici
pants were categorized into four groups for analysis, according to their 
pre-pregnancy BMI: underweight group (<18.5 kg/m2), reference group 
(18.5–<25.0 kg/m2), overweight group (25.0–<30.0 kg/m2), and obese 
group (≥30.0 kg/m2) (EURO-PERISTAT, the Japanese Society of Ob
stetrics and Gynecology, 2021). Moreover, participants were catego
rized into four groups according to the appropriate BMI categories for 
Asian populations, recommended by the World Health Organization, as 
follows: underweight (<18.5 kg/m2), normal (18.5–<23.0 kg/m2), 
overweight (23.0 to <27.5 kg/m2), and obese (≥27.5 kg/m2) (WHO 
Expert Consultation, 2004). 

2.5. Covariate definitions 

The patients’ obstetric records transcriptions included maternal age 
at delivery, parity (Gardosi et al., 2013), pre-pregnancy BMI (Aune et al., 
2014; Flenady et al., 2011), parental smoking status, exposure to 
secondhand smoking (Pineles et al., 2016), use of assisted reproductive 
technology (ART) (Sarmon et al., 2021), and infants born of multiple 
births (Hayata et al., 2022). In addition, using the questionnaires 
completed during early pregnancy, data were collected regarding the 
presence of hypertension (HT), DM, and thyroid disease, which are 
known to be associated with stillbirth (Management of stillbirth: ob
stetric care consensus, 2020; Nijkamp et al., 2016). 

ART was defined as in vitro fertilization or intracytoplasmic sperm 
injection. Further, maternal age was divided into three groups (i.e., <19, 
20–35, and ≥35 years). Thyroid disease was defined as hyperthyroidism 
or hypothyroidism. The information on parental smoking status and 
exposure to secondhand smoking was collected using the self- 
administered questionnaires in the 1st trimester. In this regard, the 
expectant mothers were asked to reveal whether they or their partners 
had “Never smoked,” “Previously did, but quit before realizing current 
pregnancy,” “Previously did, but quit after realizing current pregnancy,” 
or were “Currently smoking.” Accordingly, participants and their part
ners were categorized into three groups for analysis: “never smoked or 
quit smoking before pregnancy” group, “quit smoking after pregnancy” 
group, and “continued smoking” group. 

Regarding secondhand smoking, the expectant mothers answered 
how often they were exposed to tobacco smoke at home, workplace, or 
any other indoor places before and during pregnancy, respectively, by 
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choosing frequency options from either “Almost never/ Never,” “1 day a 
week,” “2–3 days a week,” “4–6 days a week,” or “Every day.” For 
analysis, “1 day per week” to “4–6 days per week” were re-categorized as 
“several times per week,” and secondhand smoking was categorized into 
three groups for analysis: “seldom,” “several times per week,” and 
“every day.” 

2.6. Outcomes 

Stillbirth was defined as fetal death before or during labor at ≥22 
completed weeks of gestation. Moreover, stillbirth was further classified 
into early stillbirth (i.e., <28 weeks) and late stillbirth (i.e., ≥28 weeks) 
(Carmichael et al., 2015). The World Health Organization- 
recommended definition of fetal death as that occurring after 22 
weeks of gestation for the purposes of general statistics and for the 
registration of stillbirths is used for Japanese demographics and was 
adopted for the cohort of this study. All births, including stillbirths, were 
confirmed by a physician, and data on the fetus were obtained by the 
physician who examined the patient. 

2.7. Statistical analysis 

One-way analysis of variance and χ2 tests were used to evaluate the 
association between stillbirth and potential confounding factors. 
Further, one-way analysis of variance was used to analyze continuous 
variables such as maternal age, and the χ2 test was used for categorical 
variables, such as the incidence of obstetric complications. 

Multiple logistic regression analyses were conducted to estimate the 
association between pre-pregnancy BMI and the risk of stillbirth. Odds 
ratios (ORs) and 95% confidence intervals (CIs) were calculated after 
adjusting for potential confounders. All analyses were performed using 
IBM SPSS Statistics for Windows (version 25.0; IBM Corp., Armonk, NY, 
USA). The significance level was set at P <0.05. 

3. Results 

A total of 104,062 fetal records were included in the cohort. We 
excluded 2,123 fetuses because they lacked information regarding the 
birth. We also excluded women with missing data (presence of HT, n =

1,997; smoking status of mother, n = 746; smoking status of father, n =
1,939; secondhand smoking status, n = 284; maternal age, n = 9; infant 
sex, n = 143; pre-pregnancy BMI, n = 36; parity, n = 2,252; and methods 
of conception, n = 338). Finally, 423 cases were excluded because they 
were considered miscarriages that resulted in delivery at less than 22 
weeks (Fig. 1). 

A total of 93,772 fetuses were considered eligible for inclusion in the 
study. Of these, 305 (0.33%) were stillbirths and 155 (0.17%) were early 
stillbirths. The mean maternal age was 31.2 ± 5.0 years, and the mean 
maternal pre-pregnancy BMI was 21.2 ± 3.3 kg/m2, with 37,767 
nulliparous women (40.3%), 48,043 male infants (51.2%), 438 women 
with HT before pregnancy (0.47%), and 835 women with DM before 
pregnancy (0.89%). 

Table 1 summarizes the clinical characteristics of the women 
enrolled in this study. 

There was a statistically significant difference among the four groups 
according to pre-pregnancy BMI in terms of maternal age (<19, 20–34, 
and ≥35 years), HT before pregnancy, DM before pregnancy, thyroid 
disease before pregnancy, ART, nulliparity, stillbirth, early stillbirth, 
late stillbirth, maternal smoking status (never smoked or quit smoking 
before pregnancy, quit smoking after pregnancy, and continued smok
ing), paternal smoking status (never smoked or quit smoking before 
pregnancy and continued smoking), and secondhand smoking status 
(seldom, several times per week, or every day). After adjusting for po
tential confounding factors, the risk of stillbirth was significantly higher 
in the overweight (adjusted OR [aOR]: 1.55; 95% CI: 1.08–2.23) and 
obese groups (aOR: 2.60; 95% CI: 1.59–4.24) (Table 2). Further, we did 
not find a significant association between being underweight and the 
incidence of stillbirth (aOR: 0.71; 95% CI: 0.49–1.04). Similarly, after 
adjusting for potential confounding factors, the risk of early stillbirth 
was significantly higher in the obese group (aOR: 4.33; 95% CI: 
2.44–7.70) (Table 3). Finally, when analyzed using the Asian BMI cri
terion, the risk of stillbirth did not increase significantly in the over
weight group (aOR: 0.89; 95% CI: 0.54–1.46); however, it increased 
significantly in the obese group (aOR: 3.21; 95% CI: 1.97–5.23). 
Moreover, we did not find a significant association between being un
derweight and the incidence of stillbirth (aOR: 0.75; 95% CI: 0.43–1.28). 

Fig. 1. Flow diagram showing the recruitment and exclusion of fetus recruited to the JECS study, 2011–2014 in Japan.  
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4. Discussion 

The main results of this nationwide prospective cohort study are as 
follows: first, after adjusting for potential confounding factors, the risk 
of stillbirth was significantly higher in the maternal overweight (pre- 
pregnancy BMI: 25.0–<30.0 kg/m2) and obese (pre-pregnancy BMI >30 
kg/m2) groups, but not in the underweight (pre-pregnancy BMI: <18.5 
kg/m2) group; second, the risk of early stillbirth was significantly higher 
in the obese group after adjusting for potential confounding factors. To 
the best of our knowledge, this investigation is the first detailed evalu
ation of the association between pre-pregnancy BMI and the incidence of 
stillbirth in the Japanese general population. 

The positive dose–response relationship between increased maternal 
BMI before conception and stillbirth risk can be explained by several 
biological mechanisms. First, being overweight or obese is associated 
with an increased risk of DM (Kodama et al., 2012), gestational HT 
(Bodnar et al., 2007), preeclampsia (O’Brien et al., 2003), gestational 
diabetes (Chu et al., 2007), and congenital anomalies (Stothard et al., 
2009). All of these conditions have been strongly associated with the risk 
of stillbirth, according to previous reports. In this study, among the cases 
that resulted in stillbirth, the questionnaires administered in the 2nd/ 
3rd trimesters and at 1 month after delivery elicited insufficient re
sponses and could not be used for analysis. Therefore, it was not possible 
to fully examine the confounding effect of preeclampsia, gestational HT, 
gestational diabetes, and congenital anomalies. However, DM and HT 
were significantly more common in the overweight and obese groups, 
which is consistent with previous reports (Bodnar et al. 2007; Kodama 
et al., 2012;). Second, hyperlipidemia with decreased prostacyclin pro
duction increases thromboxane production, increases the risk of 
placental thrombosis, decreases placental perfusion, and may even 
cause both placental infarction and abruption in late pregnancy (Craven 
and Ward, 2002; Eldor, 2001; Moldenhauer et al., 2003; Stone et al., 
1994). However, it should be noted that the aforementioned mecha
nisms, through which obesity causes stillbirths, cannot be directly 
proven from the present data. 

Despite slight differences in the definitions of obesity and study 
population (Aune et al., 2014; Flenady et al., 2011), several studies have 
reported an association between increased maternal BMI and stillbirth 
(Aune et al., 2014; Flenady et al., 2011). The current study’s findings are 
consistent with these previous reports (Aune et al., 2014; Flenady et al., 
2011). In contrast, in a retrospective cross-sectional study using the 
nationwide perinatal database in Japan, Haruyama et al. (2018) re
ported that being overweight and obese did not have a significant as
sociation with stillbirth; however, being underweight showed a 
protective effect. Unlike our study and other previous reports (Aune 
et al., 2014; Flenady et al., 2011), women in Haruyama’s study were 
categorized into four groups for analysis, according to their pre- 
pregnancy BMI values: underweight (<18.5 kg/m2), normal 
(18.5–< 23.0 kg/m2), overweight (23.0–<30.0 kg/m2), and obese 
(≥30.0 kg/m2) (Haruyama et al., 2018). When we re-analyzed our data 

Table 1 
Baseline characteristics of women in the study population, the Japan Environ
ment and Children’s Study: Japan, 2011–2014.  

Pre-pregnancy body 
mass index 

<18.5 
kg/m2 

18.5–<25.0 
kg/m2 

25.0–<30.0 
kg/m2 

≥30.0 
kg/m2  

n =
15,037 

n = 68,641 n = 7,704 n =
2,390 

Maternal age, years 30.4 ±
5.0 

31.4 ± 5.0 31.8 ± 5.0 31.2 ±
5.0 

<19, years 189 (1.3) 433 (0.6) 49 (0.6) 6 (0.3) 
20–34, years 11,601 

(77.1) 
49,019 (71.4) 5,210 (67.6) 1,610 

(67.4) 
≥35, years 3,247 

(21.6) 
19,189 (28.0) 2,445 (31.7) 774 

(32.3) 
Hypertension 30 (0.20) 234 (0.34) 94 (1.2) 80 (3.3) 
Diabetes mellitus 66 (0.44) 436 (0.64) 176 (2.3) 157 

(6.6) 
Thyroid disease 245 (1.6) 1,376 (2.0) 185 (2.4) 42 (1.8) 
Assisted reproductive 

technology 
408 (2.7) 2,215 (3.2) 255 (3.3) 68 (2.8) 

Male infant 7,772 
(51.7) 

35,079 (51.1) 3,988 (51.8) 1,204 
(50.4) 

Nulliparity 8,480 
(56.4) 

40,889 (59.6) 5,053 (65.6) 1,583 
(66.2) 

Stillbirth 36 (0.24) 213 (0.31) 38 (0.49) 18 
(0.75) 

Earlier stillbirth 19 (0.13) 106 (0.15) 16 (0.21) 14 
(0.59) 

Later stillbirth 17 (0.11) 107 (0.16) 22 (0.29) 4 (0.17) 
Infant born of 

multiple births 
276 (1.8) 1 334 (2.0) 154 (2.0) 61 (2.6) 

Maternal smoking 
status     

Never or quit 
smoking before 
pregnancy 

12,073 
(80.3) 

57,246 (83.4) 6,031 (78.3)  1,785 
(74.7) 

Quit smoking after 
pregnancy 

2,147 
(14.3) 

8,504 (12.4) 1,163 (15.1) 402 
(16.8) 

Continued smoking 817 (5.4) 2,891 (4.2) 510 (6.6) 203 
(8.5) 

Paternal smoking 
status     

Never or quit 
smoking before 
pregnancy 

7,366 
(49.0) 

35,225 (51.3)  3,764 (48.8) 1,113 
(46.6) 

Quit smoking after 
pregnancy 

383 (2.5) 1,677 (2.4) 166 (2.2) 46 (1.9) 

Continued smoking 7,288 
(48.5) 

31,739 (46.2) 3,774 (49.0) 1,231 
(51.5) 

Secondhand smoking 
status     

Seldom 7,594 
(50.5) 

35,264 (51.4) 3,432 (44.5) 958 
(40.0) 

Several times per 
week 

4,627 
(30.8) 

21,641 (31.5) 2,635 (34.2) 812 
(34.0) 

Every day 2,816 
(18.7) 

11,736 (17.1) 1,637 (21.2) 620 
(25.9) 

Data are presented as means ± standard deviations or as numbers (%). 

Table 2 
Association between pre-pregnancy body mass index and stillbirth in the Japan 
Environment and Children’s Study; Japan, 2011–2014.  

Pre-pregnancy BMI Crude OR (95% CI) Adjusted OR (95% CI) 

<18.5 kg/m2 0.77 (0.54–1.10) 0.71 (0.49–1.04) 
18.5–<25.0 kg/m2 1.00 1.00 
25.0–<30.0 kg/m2 1.59 (1.13–2.25) 1.55 (1.08–2.23) 
≥30.0 kg/m2 2.43 (1.50–3.95) 2.60 (1.59–4.24) 

*Regression analysis was performed after adjusting for pre-pregnancy BMI, 
maternal age at delivery, parity, parental smoking status, exposure to second
hand smoking, ART, infant sex, infants born of multiple birth, HT, DM, and 
thyroid disease. 
ART, assisted reproductive technology; BMI, body mass index; CI, confidence 
interval; DM, diabetes mellitus; HT, hypertension; OR, odds ratio. 

Table 3 
Association between pre-pregnancy body mass index and stillbirth under 28 
weeks of gestation in the Japan Environment and Children’s Study; Japan, 
2011–2014.  

Pre-pregnancy BMI Crude OR (95% CI) Adjusted OR (95% CI) 

<18.5 kg/m2 0.82 (0.50–1.33) 0.75 (0.44–1.28) 
18.5–<25.0 kg/m2 1.00 1.00 
25.0–<30.0 kg/m2 1.35 (0.80–2.28) 1.22 (0.68–2.18) 
≥30.0 kg/m2 3.81 (2.79–6.66) 4.33 (2.44–7.70) 

*Regression analysis was performed after adjusting for pre-pregnancy BMI, 
maternal age at delivery, parity, parental smoking status, exposure to second
hand smoking, ART, infant sex, infants born of multiple birth, HT, DM, and 
thyroid disease. 
ART, assisted reproductive technology; BMI, body mass index; CI, confidence 
interval; DM, diabetes mellitus; HT, hypertension; OR, odds ratio. 
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according to this pre-pregnancy BMI classification, we found that the 
risk of stillbirth did not increase significantly in the overweight group 
(aOR: 1.18; 95% CI: 0.88–1.58), whereas it increased significantly in the 
obese group (aOR: 2.56; 95% CI: 1.56–4.21). Moreover, we did not find 
a significant association between being underweight and the incidence 
of stillbirth (aOR: 0.70; 95% CI: 0.48–1.03). The difference between the 
results of our study and those of Haruyama’s study can be attributed to 
the study population. 

In Japan, approximately 50% of the deliveries are managed in small 
birth centers and level I hospitals (Hirata et al., 2021; Hosono et al., 
2019). However, unlike our study of the general Japanese population, 
the cases registered in Haruyama’s study were mostly from secondary 
and tertiary facilities, and the stillbirth rate (0.56%) was much higher 
than that based on the vital statistics (Haruyama et al., 2018). 

We examined the relationship between pre-pregnancy BMI and 
stillbirth according to this Asian BMI criterion for our study population. 
Considering our results for the general Japanese population and previ
ous studies (Aune et al., 2014; Flenady et al., 2011), we believe that, at 
minimum, the obese individuals should be recognized as being at a high 
risk for stillbirth. 

Unlike late stillbirth (i.e., ≥28 weeks), which can be reduced by 
improvements in obstetric care and prevention of intrapartum compli
cations (Carmichael et al., 2015), early stillbirth (i.e., <28 weeks) is one 
of the major concerns of perinatal management. In this study, we found 
a significant association between obesity and early stillbirth. Consid
ering the biological mechanisms of stillbirth, it is possible that avoiding 
obesity will lead to fewer early stillbirths. However, we were not able to 
adequately perform multiple logistic regression analyses for the associ
ation between the incidence of late stillbirth and obesity. This limitation 
was attributed to the fact that none of the participants in the group 
under 19 years of age had late stillbirths; further, maternal age, which is 
an important risk factor for stillbirth, could not be incorporated in the 
analysis of late stillbirths. 

The association between maternal preconception low BMI and 
adverse perinatal outcomes has been extensively reviewed in the liter
ature. A lower maternal pre-pregnancy BMI increases the risk of preterm 
birth, low birth weight, and small-for-gestational age fetuses (Enomoto 
et al., 2016; Lynch et al., 2014; Tang et al., 2021). Low maternal weight 
is a common health problem, especially in Japan, considering that there 
is a strong tendency among reproductive-age individuals to have a lower 
body weight (Nakanishi et al., 2022). Among Japanese women aged 
≥20 years, the prevalence of underweight (<18.5 kg/m2) was 11.5% 
according to the 2019 National Health and Nutrition Survey of Japan 
(Nakanishi et al., 2022); the corresponding prevalence was 15.9% in our 
study. Women in Japan are typically thinner than those in Western 
countries (Deurenberg et al., 2002; NCD-RisC, 2016). 

According to our results, it can be stated that being underweight is 
not associated with adverse perinatal outcomes, such as stillbirth; 
however, the possibility that being underweight may have a marginally 
protective effect on stillbirth cannot be completely ruled out. Therefore, 
the association between being underweight and the incidence of still
birth derived from this study should be interpreted with caution. 

In summary, the association of stillbirth with BMI is similar to that 
noted in other populations. This is important, as it implies that the 
pathways leading to stillbirth are common across different countries and 
ethnic groups, suggesting a biologic construct to stillbirth and not purely 
a socioeconomic construct. In the future, it may be possible to reduce 
stillbirth not only in Japan but also worldwide by conducting detailed 
studies and experiments on the mechanism by which obesity causes 
stillbirth. 

4.1. Study limitations 

This study had several limitations. We did not evaluate all potential 
risk factors for stillbirth, including SLE (Buyon et al., 2015) and chronic 
kidney disease (CKD) (Zhang et al., 2015). This is because no women 

with SLE or CKD in the current study had stillbirths. However, this does 
not indicate that SLE or CKD are not risk factors for stillbirth. It should 
be noted that it is difficult to accurately identify all mild diseases 
(diagnosed or undiagnosed) in a nationwide cohort study. Moreover, it 
was not possible to fully assess the role of the smoking status in the 2nd 
trimester (Pineles et al., 2016), which is shown to be associated with the 
risk of stillbirth. As aforementioned, in cases that resulted in stillbirth, 
the responses to the questionnaires at the time of 2nd/3rd trimesters 
were insufficient in this study. Further, confounders that were not 
measured in this study may be associated with stillbirth. Additionally, 
the generalizability of our results may be limited because of the homo
geneity of this cohort, which included almost exclusively Japanese 
women. Finally, although the study results may not change, detailed 
information on how to confirm stillbirth (e.g., assessment of vital signs 
and use of the Apgar score) is not available in the JECS data set. 

5. Conclusions 

In conclusion, increased maternal BMI is associated with an 
increased risk of stillbirth in the Japanese population. To reduce the risk 
of stillbirth, it is essential to counsel women planning for pregnancy on 
the importance of an appropriate pre-pregnancy BMI and weight man
agement guidelines. 
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