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Abstract 

Background: The extremes of maternal pre‑pregnancy body mass index (BMI) are known to be risk factors associ‑
ated with obstetric and adverse perinatal outcomes. Among Japanese women aged 20 years or older, the prevalence 
of underweight (BMI < 18.5 kg/m2) was 11.5% in 2019. Maternal thinness is a health problem caused by the desire to 
become slim. This study aimed to investigate the association between the severity of maternal low pre‑pregnancy 
BMI and adverse perinatal outcomes, including preterm birth (PTB), low birth weight (LBW), and small‑for‑gestational 
age (SGA).

Methods: We conducted a prospective cohort study using data from the Japan Environment and Children’s Study, 
which recruited pregnant individuals between 2011 and 2014. Pre‑pregnancy BMI was categorized as severe‑moder‑
ate underweight (BMI < 16.9 kg/m2), mild underweight (BMI, 17.0–18.4 kg/m2), low‑normal weight (BMI, 18.5–19.9 kg/
m2), high‑normal weight (BMI, 20.0–22.9 kg/m2), overweight (BMI, 23.0–24.9 kg/m2), and obese (BMI ≥ 25.0 kg/m2). The 
high‑normal weight group was used as the reference for statistical analyses. Adjusted logistic regression was per‑
formed to evaluate the association between pre‑pregnancy BMI and PTB, LBW, and SGA.

Results: Of 92,260 singleton pregnant individuals, the prevalence was 2.7% for severe‑moderate underweight, 12.9% 
for mild underweight, and 24.5% for low‑normal weight. The prevalence of adverse outcomes was 4.6% for PTB, 8.1% 
for LBW, and 7.6% for SGA. The adjusted odds ratios (aORs) for PTB were 1.72 (95% confidence interval [CI], 1.46–2.03) 
for severe‑moderate underweight and 1.26 (95% CI, 1.14–1.39) for mild underweight. The aORs of LBW were 2.55 
(95% CI, 2.27–2.86) for severe‑moderate underweight, 1.64 (95% CI, 1.53–1.76) for mild underweight, and 1.23 (95% CI, 
1.16–1.31) for low‑normal weight. The aORs of SGA were 2.53 (95% CI, 2.25–2.84) for severe‑moderate underweight, 
1.66 (95% CI, 1.55–1.79) for mild underweight, and 1.29 (95% CI, 1.21–1.38) for low‑normal weight.

Conclusions: A dose‑response relationship was found between the severity of low pre‑pregnancy BMI and PTB, 
LBW, and SGA. Even low‑normal BMI (18.5–19.9 kg/m2) increased the risk of LBW and SGA. This study provides useful 
information for pre‑conception counseling in lean individuals.
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Background
The extremes of maternal pre-pregnancy body mass 
index (BMI) are known to be risk factors associated with 
obstetric and adverse perinatal outcomes [1–7]. Higher 
maternal pre-pregnancy BMI increases the risk of hyper-
tensive disorders during pregnancy, gestational diabetes, 
preterm birth (PTB), fetal death, stillbirth, large-for-ges-
tational age, and macrosomia [2–7]. A lower maternal 
pre-pregnancy BMI increases the risk of PTB, low birth 
weight (LBW), and small-for-gestational age (SGA) [1, 
3–11].

In Japan, maternal underweight is a common health 
problem because many individuals in the reproductive-
age strongly desire to be slim and work towards it [12]. 
Among Japanese women aged 20 years or older, the 
prevalence of underweight individuals (< 18.5 kg/m2) was 
11.5% in the 2019 National Health and Nutrition Survey 
of Japan [13]. In particular, this figure among Japanese 
women in their 20’s was 20.7%. Indeed, the frequency 
of LBW has been increasing in Japan despite the rate of 
PTB being as low as 5.6% in 2019 [14]. Several studies 
reported that low maternal pre-pregnancy BMI was sig-
nificantly associated with adverse perinatal outcomes, 
such as PTB, LBW, and SGA [1, 4, 5, 7–11, 15]. However, 
to our knowledge, no studies on the severity of low pre-
pregnancy BMI have been conducted in East Asian coun-
tries including Japan where pregnancy-aged individuals 
have a lower BMI  compared to other regions. Further, 
no prospective cohort studies examining the adverse 
obstetric and perinatal outcomes associated with sever-
ity of pre-pregnancy underweight were found. Although 
two large cohort studies in Japan reported the association 
between pre-pregnancy underweight and PTB and SGA, 
the severity of maternal pre-pregnancy underweight was 
not evaluated [3, 16].

The definition of BMI in Asia differs from that in the 
United States and European countries because the prev-
alence of underweight pregnant individuals in Asia is 
higher than that in other countries [17]. The appropri-
ate BMI categories recommended by the World Health 
Organization (WHO) for Asian populations are as fol-
lows: less than 18.5 kg/m2, underweight; 18.5–23 kg/m2, 
increasing but acceptable risk; 23–27.5 kg/m2, increased 
risk; and ≥ 27.5 kg/m2, high risk [17]. The WHO also 
states that countries should use all BMI categories, with 
a view to facilitate international comparisons as fol-
lows: the trigger points are 18.5, 20, 23, 25, 27.5, 30, 
and 32.5 kg/m2 [17]. Thus, BMI needs to be classified 

according to this WHO categorization to conduct the 
study on pre-pregnancy BMI in Asian populations.

Additionally, few studies have quantified the associa-
tion between maternal pre-pregnancy BMI and adverse 
perinatal outcomes, using intuitive methods such as the 
restricted cubic spline (RCS). The RCS has the advan-
tages of being able to characterize a dose-response asso-
ciation between a continuous exposure and an outcome, 
and check the assumption of linearity of the association 
visually and statistically [18].

The aim of the present study was to investigate the 
association between the severity of maternal low pre-
pregnancy BMI and gestational age at delivery and neo-
natal birth weight using a nationwide, prospective cohort 
study of approximately 100,000 mothers and neonates. 
In addition, we used the RCS to analyze the association 
between maternal pre-pregnancy BMI and adverse peri-
natal outcomes, including PTB, LBW, and SGA.

Methods
Study design and participants
We conducted a prospective cohort study using the data-
set jecs-ta-20190930, which was released in October 
2019, from the Japan Environment and Children’s Study 
(JECS). The JECS is an ongoing nationwide birth cohort 
study, the details of which have already been published 
[19, 20]. The JECS mainly aimed to investigate the asso-
ciation between environmental factors and children’s 
health and development by recruiting pregnant individu-
als from 15 Regional Centers between January 2011 and 
March 2014. However, in 2013, when recruitment was 
largely stabilized, approximately only 45% of children 
could be assessed [20].

Between January 2011 and March 2014, 104,062 fetal 
recodes were enrolled in the JECS. After excluding mis-
carriage (n = 1254), stillbirth (n = 382), and unknown 
birth outcome (n = 2122), the present study included 
100,304 live births. Then, after excluding pregnan-
cies in the same participants, the study involved 94,754 
participants. Finally, after excluding multiple pregnan-
cies (n = 1809), and pregnancies with chromosomal 
abnormality (n = 207), missing value of maternal pre-
pregnancy BMI (n = 126), missing value of gestational 
age at delivery (n = 283), and missing value of neonatal 
birth weight (n = 69), the number of study participants 
was 92,260 singleton, pregnant individuals (Fig.  1). The 
number of participants in the SGA analyses decreased 
to 92,041 because we excluded 219 deliveries that were 

Keywords: Adverse perinatal outcomes, Low birth weight, Maternal body mass index, Preterm birth, Small‑for‑
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performed at a gestational age of < 22 weeks or > 41 weeks 
(Fig. 1).

Ethics
The study protocol was reviewed and approved by the 
Institutional Review Board on Epidemiological Studies of 
the Ministry of the Environment and by the Ethics Com-
mittees of all participating institutions (No. 100910001) 
[19]. This study was conducted in accordance with the 
Declaration of Helsinki. All participants in the JECS pro-
vided written informed consent.

Maternal and neonatal baseline information
Maternal baseline information, including maternal 
educational background, smoking status, and alcohol 

consumption was obtained from self-administered 
questionnaires provided to the enrolled pregnant indi-
viduals during the second/third trimester. The follow-
ing information was also collected from their medical 
record transcripts: parity, assisted reproductive tech-
nology, multiple births, maternal history of preterm 
birth less than 37 weeks of gestation, medical histo-
ries of hypertension, diabetes mellitus, autoimmune 
disease, thyroid disease such as hyperthyroidism and 
hypothyroidism, neonate’s date of birth, and gesta-
tional period. Although maternal height and pre-preg-
nancy weight were, in principle, obtained from medical 
record transcripts, in instances where the above infor-
mation (maternal height and pre-pregnancy weight) 
was missing in medical record transcripts, the values 
were obtained from self-reports of participants. The 

Fig. 1 Flow diagram of the study participants
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mother’s age at the time of childbirth was calculated 
from the mother’s and the neonate’s birth dates.

Pre-pregnancy BMI was defined as the maternal pre-
pregnancy weight divided by the square of maternal 
height obtained from medical record transcripts or self-
reports. Pregnant individuals were categorized based 
on their pre-pregnancy BMI as follows: severe-moder-
ate underweight (BMI  <  16.9 kg/m2), mild underweight 
(BMI, 17.0–18.4 kg/m2), low-normal weight (BMI, 18.5–
19.9 kg/m2), high-normal weight (BMI, 20.0–22.9 kg/
m2), overweight (BMI, 23.0–24.9 kg/m2), and obese 
(BMI  >  25.0 kg/m2), with reference to the WHO’s clas-
sification for BMI [12, 21]. The high-normal pre-preg-
nancy BMI group was the reference group for statistical 
analyses.

Parity was categorized as 0, 1, 2, or higher. Maternal 
smoking status was defined as follows: never or previ-
ously did, but quit before recognizing current pregnancy; 
previously did, but quit after identifying current preg-
nancy, and; yes, I still smoke. Maternal alcohol consump-
tion was defined as follows: never or previously did, but 
quit before identifying current pregnancy; previously 
did, but quit after identifying current pregnancy, and; 
yes, I drink. The highest level of education of the mother 
was defined as follows: junior high school, high school, 
technical junior college, technical/vocational college or 
associate degree, bachelor’s degree, or Graduate degree 
(Master’s/Doctor’). Medical information of the mother 
and neonate, including maternal age at delivery, gesta-
tional age at delivery, neonatal birth weight, and neonatal 
sex, was transcribed from the medical record transcripts 
at delivery.

Outcomes
The main outcomes of the present study were the inci-
dence of adverse perinatal outcomes, including PTB, 
very preterm birth (VPTB), LBW, very low birth weight 
(VLBW), extremely low birth weight (ELBW), and SGA. 
PTB and VPTB were defined as the gestational age of 
less than 37 weeks and 34 weeks at delivery, respectively. 
LBW, VLBW, and ELBW were defined as neonatal birth 
weights of less than 2500 g, 1500 g, and 1000 g, respec-
tively. SGA was defined as a birth weight below the 10th 
percentile, accounting for infant sex, parity, and gesta-
tional age according to the Japan Pediatric Society [22], 
and the percentiles were calculated using Excel-based 
clinical tools for growth evaluation of children distrib-
uted by the Japanese Society for Pediatric Endocrinology 
[23].

Statistical analysis
The adjusted odds ratio (OR) and 95% confidence inter-
val (CI) for adverse perinatal outcomes were calculated 

by maternal pre-pregnancy BMI compared to the refer-
ence group (BMI, 20.0–22.9 kg/m2, high-normal weight) 
using a multivariable logistic regression model, adjusted 
for maternal age at delivery, parity (except for SGA analy-
sis), assisted reproductive technology, maternal smoking 
status, maternal alcohol consumption, maternal educa-
tional background, maternal history of preterm birth, 
and the medical history of hypertension, diabetes mel-
litus, autoimmune disease, and thyroid disease such as 
hyperthyroidism and hypothyroidism.

The RCSs were used to detect a dose-response relation-
ship between pre-pregnancy BMI and each adjusted OR 
of the adverse perinatal outcomes. The RCS models the 
association between predictor and outcome using cubic 
polynomials and linear terms [24]. The RCS requires the 
placement of a number of knots along the predictor value 
range. Usually, three to five knots are sufficient to allow 
for complex associations between predictors and out-
comes; the present study was analyzed with five knots 
placed at the 5th, 27.5th, 50th, 72.5th, and 95th percen-
tiles of the BMI distribution.

Because the dataset had some missing values, based 
on the assumption of missing at random, the k-nearest 
neighbor (kNN) imputation method of the R package 
“VIM” (ver. 4.1.2; R Foundation for Statistical Comput-
ing) was used [25], introducing all outcomes and adjusted 
variables, along with gestational weeks. The kNN impu-
tation method is a widely accepted single imputation 
method, and its validity has been confirmed [26]. The 
kNN imputation was appropriate for the RCS analysis. 
In addition, we performed a sensitivity analysis using the 
complete dataset and excluded all missing values. The 
results of the sensitivity analysis are shown in the Sup-
plemental Table. Statistical significance was set at a two-
tailed P value of < 0.05. All analyses, except k-nearest 
neighbor imputation, were performed using STATA ver-
sion 16.1, for Windows (Stata Corporation, College Sta-
tion, TX, USA).

Results
In the present study, 99.8% (92,089/92,260) of the 
maternal pre-pregnancy weights were obtained from 
medical record transcripts and 0.2% (171/92,260) from 
self-reported data. Of the participants who had both sets 
of data, 65.4% reported the same weight in both sets. 
The high-normal weight group (BMI, 20.0–22.9 kg/m2), 
which was the reference group, had the highest preva-
lence (38.5%) among all pre-pregnancy BMI categories 
(Table 1). The prevalence of low maternal pre-pregnancy 
BMI was as follows: 15.7% (14,448/92,260) for under-
weight (BMI < 18.4 kg/m2) and 24.5% (22,583/92,260) for 
low-normal weight (BMI, 18.5–19.9 kg/m2). Of pre-preg-
nant individuals who were underweight, the prevalence 
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was 17.4% (2515/14,448) for severe-moderate under-
weight (BMI < 16.9 kg/m2) and 82.6% (11,933/14,448) for 
mild underweight (BMI, 17.0–18.4 kg/m2).

In the total study population, the prevalence of PTB 
was 4.6% and that of VPTB was 1.0% (Table 1). Regarding 
neonatal birth weight, the prevalence of LBW was 8.1%, 
of VLBW was 0.6%, of ELBW was 0.3%, and of SGA was 
7.6% (Table 1).

Low maternal pre-pregnancy BMI was significantly 
associated with PTB, LBW, and SGA (Table 2). Regard-
ing low pre-pregnancy BMI, the aORs of PTB were 
1.72 (95% CI, 1.46–2.03; P < 0.001) for severe-moderate 
underweight and 1.26 (95% CI, 1.14–1.39; P < 0.001) 
for mild underweight. The aORs of LBW were 2.55 
(95% CI, 2.27–2.86; P < 0.001) for severe-moderate 
underweight, 1.64 (95% CI, 1.53–1.76; P < 0.001) 
for mild underweight, and 1.23 (95% CI, 1.16–1.31, 
P < 0.001) for low-normal weight. The aORs of SGA 
were 2.53 (95% CI, 2.25–2.84; P < 0.001) for severe-
moderate underweight, 1.66 (95% CI, 1.55–1.79; 
P < 0.001) for mild underweight, and 1.29 (95% CI, 
1.21–1.38; P < 0.001) for low-normal weight (Table  2). 

Table 1 Maternal and neonatal characteristics (n = 92,260)

Characteristics Valuesa

Maternal age (years)

  < 24 9252 (10.0)

 25–29 25, 374 (27.5)

 30–34 32,543 (35.3)

 35–39 20,838 (22.6)

  > 40 4247 (4.6)

 Missing 6 (0.01)

Parity

 0 38,291 (41.5)

 1 33,694 (36.5)

  > 2 17,985 (19.5)

 Missing 2290 (2.5)

Assisted reproductive technology

 No 89,068 (96.5)

 Yes 2761 (3.0)

 Missing 431 (0.5)

Pre‑pregnancy BMI

  < 16.9, Severe to moderate underweight 2515 (2.7)

 17.0–18.4, Mild underweight 11,933 (12.9)

 18.5–19.9, Low‑normal weight 22,583 (24.5)

 20.0–22.9, High‑normal weight 35,537 (38.5)

 23.0–24.9, Overweight 9658 (10.5)

  > 25.0, Obese 10,034 (10.9)

Smoking during pregnancy

 No 73,263 (79.4)

 Quit after pregnancy 12,636 (13.7)

 Yes 4103 (4.4)

 Missing 2258 (2.5)

Drinking during pregnancy

 No 44,991 (48.8)

 Quit after pregnancy 42,529 (46.1)

 Yes 2497 (2.7)

 Missing 2243 (2.4)

Maternal educational background

 Junior high school 4326 (4.7)

 High school 28,318 (30.7)

 Technical junior college or technical/vocational 
college

37,991 (41.2)

 University or above 19,601 (21.2)

 Missing 2024 (2.2)

History of preterm birth

 No 86,753 (94.0)

 Yes 2853 (3.1)

 Missing 2654 (2.9)

Hypertension

 No 89,408 (96.9)

 Yes 1162 (1.3)

 Missing 1690 (1.8)

Diabetes mellitus

 No 89,571 (97.1)

Table 1 (continued)

Characteristics Valuesa

 Yes 995 (1.1)

 Missing 1694 (1.8)

Autoimmune disease

 No 90,377 (98.0)

 Yes 183 (0.2)

 Missing 1700 (1.8)

Thyroid disease

 No 89,344 (96.8)

 Yes 1224 (1.3)

 Missing 1692 (1.8)

Gestational age at delivery (weeks) 39 (22–43)

Birth weight (grams) 3028 (312–5214)

Neonatal sex

 Male 47,329 (51.3)

 Female 44,924 (48.7)

 Missing 7 (0.01)

Preterm birth (<  37 weeks’ gestation) 4284 (4.6)

Very preterm birth (<  34 weeks’ gestation) 907 (1.0)

Low birth weight (<  2500 g) 7514 (8.1)

Very low birth weight (<  1500 g) 528 (0.6)

Extremely low birth weight (<  1000 g) 228 (0.3)

Small‑for‑gestational age

 No 85,029 (92.2)

 Yes 7012 (7.6)

 Missing 219 (0.2)
a Values are presented as n (%) or median (range)
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In the complete dataset, maternal low pre-pregnancy 
BMI was also significantly associated with PTB, LBW, 
and SGA (Supplemental Table 1).

For VPTB, VLBW, and ELBW, significant differ-
ences were identified in maternal pre-pregnancy obese 
group compared with the reference group (Table  2). 
However, no significant difference was found between 
the low pre-pregnancy BMI groups.

Figure  2 demonstrates the non-linear association 
between maternal pre-pregnancy BMI and adverse 
perinatal outcomes using 5 knots RCS with adjust-
ment for confounders. The dose-response relation-
ship between pre-pregnancy BMI and PTB, LBW, and 
SGA was observed only in the low BMI range (Fig. 2A, 
C, F). The RCS also showed a U-shaped relationship 
between maternal pre-pregnancy BMI and VPTB and 
VLBW (Fig. 2B, D).

Discussion
We further divided low pre-pregnancy BMI into two 
levels (< 16.9 kg/m2, and 17.0–18.4 kg/m2) and analyzed 
the association between the two levels of low BMI and 
low-normal BMI (18.5–19.9 kg/m2) and adverse perina-
tal outcomes. To our knowledge, this is the first study to 
evaluate the association between the severity of maternal 
low pre-pregnancy BMI and adverse perinatal outcomes 
in Japanese women, in whom a high prevalence of thin-
ness can be observed. The dose-response relationship 
between the severity of low pre-pregnancy BMI and PTB, 
LBW, and SGA was found only in the low BMI range. In 
addition, the present study focused on adverse perina-
tal outcomes, such as earlier PTB and LBW. However, 
the association between low maternal pre-pregnancy 
BMI and VPTB, VLBW, and ELBW was not statistically 
significant.

Table 2 Odds ratios of maternal pre‑pregnancy body mass index for adverse perinatal outcomes after imputation (n = 92,260)

The adjusted odds ratios with statistical significance are presented in bold
a The odds ratio compared to that of infants of mothers with the high-normal pre-pregnancy body mass index (20.0–22.9 kg/m2), adjusted for maternal age at delivery, 
parity (except for SGA analysis), assisted reproductive technology, maternal smoking status, maternal alcohol consumption, maternal educational background, history 
of preterm birth, medical history of hypertension, diabetes mellitus, autoimmune disease, and thyroid disease
b The total number of participants was 92,041

Outcomes Pre-pregnancy body mass index (kg/m2)

< 16.9 17.0–18.4 18.5–19.9 20.0–22.9 23.0–24.9 25.0 <

PTB
 N (%) 171 (3.99) 604 (14.10) 960 (22.41) 1477 (34.48) 449 (10.48) 623 (14.54)

 Crude OR (95% CI) 1.68 (1.43–1.98) 1.23 (1.12–1.35) 1.02 (0.94–1.11) reference 1.12 (1.01–1.25) 1.53 (1.39–1.68)

 Adjusted OR (95% CI) a 1.72 (1.46–2.03) 1.26 (1.14–1.39) 1.05 (0.96–1.14) reference 1.07 (0.96–1.20) 1.36 (1.23–1.51)
VPTB
 N (%) 29 (3.20) 112 (12.35) 181 (19.96) 304 (33.52) 112 (12.35) 169 (18.63)

 Crude OR (95% CI) 1.35 (0.92–1.98) 1.10 (0.88–1.37) 0.94 (0.78–1.13) reference 1.36 (1.09–1.69) 1.99 (1.64–2.40)

 Adjusted OR (95% CI) a 1.36 (0.92–2.00) 1.12 (0.90–1.39) 0.96 (0.79–1.15) reference 1.28 (1.03–1.59) 1.72 (1.42–2.09)
LBW
 N (%) 404 (5.38) 1297 (17.26) 1896 (25.23) 2499 (33.26) 678 (9.02) 740 (9.85)

 Crude OR (95% CI) 2.53 (2.26–2.84) 1.61 (1.50–1.73) 1.21 (1.14–1.29) reference 1.00 (0.91–1.09) 1.05 (0.97–1.15)

 Adjusted OR (95% CI) a 2.55 (2.27–2.86) 1.64 (1.53–1.76) 1.23 (1.16–1.31) reference 0.96 (0.88–1.05) 0.96 (0.88–1.04)

VLBW
 N (%) 17 (3.22) 69 (13.07) 104 (19.70) 168 (31.82) 65 (12.31) 105 (19.89)

 Crude OR (95% CI) 1.43 (0.87–2.36) 1.22 (0.92–1.62) 0.97 (0.76–1.24) reference 1.43 (1.07–1.90) 2.23 (1.74–2.84)

 Adjusted OR (95% CI) a 1.45 (0.88–2.40) 1.25 (0.5–1.66) 1.00 (0.78–1.27) reference 1.33 (1.00–1.78) 1.82 (1.41–2.35)
ELBW
 N (%) 5 (2.19) 28 (12.28) 45 (19.74) 83 (36.40) 23 (10.09) 44 (19.30)

 Crude OR (95% CI) 0.85 (0.34–2.10) 1.00 (0.65–1.54) 0.85 (0.59–1.23) reference 1.02 (0.64–1.62) 1.88 (1.30–2.71)

 Adjusted OR (95% CI) a 0.84 (0.34–2.07) 1.03 (0.67–1.58) 0.87 (0.61–1.25) reference 0.95 (0.60–1.51) 1.56 (1.07–2.27)
SGAb

 N (%) 381 (5.43) 1245 (17.76) 1871 (26.68) 2349 (33.50) 605 (8.63) 561 (8.00)

 Crude OR (95% CI) 2.52 (2.24–2.83) 1.64 (1.53–1.77) 1.27 (1.20–1.36) reference 0.94 (0.86–1.04) 0.84 (0.76–0.92)

 Adjusted OR (95% CI) a 2.53 (2.25–2.84) 1.66 (1.55–1.79) 1.29 (1.21–1.38) reference 0.92 (0.84–1.01) 0.78 (0.71–0.86)
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The association between underweight pre-pregnant 
individuals and PTB has been well studied previously 
[1, 5, 9–11, 15]. However, only a few studies have been 
reported on the association between the severity of 
low pre-pregnancy BMI and PTB [1, 9–11]. There are 
four studies that demonstrated that the severe and 
moderate pre-pregnant underweight groups signifi-
cantly increased the risk of PTB compared with nor-
mal weighing groups [1, 9–11]. Except for the study by 
Lynch et  al. [1], the mildly underweight pre-pregnant 
group was associated with increased risk of PTB in 
three studies [9–11]. Moreover, a meta-analysis on the 
association between pre-pregnancy BMI and pregnancy 
complications also demonstrated that underweight pre-
pregnant individuals were at higher risk of experiencing 
PTB [5]. In the present study, the pre-pregnancy under-
weight group was at a significantly higher risk of PTB 
compared with the high-normal weight group. Regard-
ing the severity of low pre-pregnancy BMI, our results 
show that the lower the pre-pregnancy BMI, the greater 
the risk of PTB. Therefore, our results are consistent 
with those of previous studies.

In the present study, underweight pre-pregnant 
individuals were not significantly associated with an 
increased risk of PTB before 34 weeks of gestation com-
pared with the high-normal weight group. In the study 
by Shaw et  al. [15], there was no significant associa-
tion between maternal pre-pregnancy underweight and 
spontaneous PTB before 32 weeks of gestation. How-
ever, Salihu et  al. [9] and Ratnasiri et  al. [6] reported 
that maternal pre-pregnancy underweight was signifi-
cantly associated with an increased risk of PTB before 
33 and 32 weeks of gestation, respectively. Interestingly, 
Ratnasiri et al. [6] reported that the aOR was lower for 
PTB before 32 weeks of gestation than for PTB before 
37 weeks of gestation. This finding, stating that low 
pre-pregnancy BMI had a smaller impact on early PTB, 
was similar to our results. In the present study, earlier 
PTB was strongly associated with higher pre-preg-
nancy BMI than lower pre-pregnancy BMI. However, 
we found that the risk of VPTB tended to increase with 
lower pre-pregnancy BMI because the RCS showed a 
U-shaped relationship between low pre-pregnancy BMI 
and VPTB.

Fig. 2 Maternal pre‑pregnancy BMI and the risk of adverse perinatal outcomes using restricted cubic spline. Values are adjusted odds ratio and 95% 
confidence interval compared with the referent group (high‑normal weight, 20.0–22.4 kg/m2), adjusted for maternal age at delivery, parity (except 
for small‑for‑gestational age [SGA] analysis), assisted reproductive technology, maternal smoking status, maternal alcohol consumption, maternal 
educational background, history of preterm birth, and the medical history of hypertension, diabetes mellitus, autoimmune disease, and thyroid 
disease. The adjusted odds ratios are shown as solid lines. The 95% confidence interval is indicated by dotted lines. A PTB: preterm delivery before 
37 weeks of gestation. B VPTB: preterm delivery before 34 weeks of gestation. C LBW: low birth weight D VLBW: very low birth weight. E ELBW: 
extremely low birth weight. F SGA: small‑for‑gestational age. BMI, body mass index
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The association between maternal pre-pregnancy 
underweight and neonatal birth weight has been 
reported in many studies [3, 5, 6, 8, 27–31]; however, only 
one study by Salmon et al. [11] investigated the associa-
tion between the severity of low pre-pregnancy BMI and 
neonatal birth weight. They reported that severe-moder-
ate and mild underweight maternal pre-pregnancy BMIs 
were significantly associated with an increased risk of 
intrauterine growth restriction, LBW, and VLBW with a 
dose-response relationship. They reported that the value 
of aOR was lower for birth weights less than 1500 g than 
for those weighing less than 2500 g, which is similar to 
the results of our study. In addition, the meta-analysis by 
Santos et al. [5] demonstrated that a lower pre-pregnancy 
BMI was associated with an increased risk of SGA. The 
present study demonstrated that the risk of LBW and 
SGA was significantly associated with low pre-preg-
nancy BMI, including low-normal BMI (18.5–19.9 kg/
m2). The dose-response relationship between the sever-
ity of maternal low pre-pregnancy BMI and LBW as well 
as SGA was represented in the low BMI range by RCS 
analysis. Although VLBW and ELBW were not statisti-
cally associated with maternal low pre-pregnancy BMI, a 
U-shaped relationship between pre-pregnancy BMI and 
VPTB and VLBW was observed in the RCS.

Our findings confirmed that the lower the pre-preg-
nancy BMI, the greater the risk of PTB, LBW, and SGA 
among Asian populations. Moreover, even low-normal 
pre-pregnancy BMI increased the risk of LBW and SGA. 
Therefore, in countries with a high prevalence of lean 
individuals, pre-pregnancy weight control in lean indi-
viduals of reproductive age can be an important interven-
tion to prevent PTB, LBW, and SGA.

However, VPTB, VLBW, and ELBW were strongly 
associated with a higher pre-pregnancy BMI than lower 
BMI in our study. The present study analyzed these 
results based on maternal variables at the first prenatal 
visit and did not consider adverse complications during 
pregnancy. Therefore, VPTB, VLBW, and ELBW may 
be affected by adverse pregnancy complications because 
high pre-pregnancy BMI increases the risk of hyper-
tensive disorders of pregnancy and gestational diabetes 
mellitus.

As in previous studies, the present study confirmed 
that maternal low pre-pregnancy BMI was an inde-
pendent factor associated with PTB because a sig-
nificant difference was identified after adjusting for 
confounding factors associated with adverse perinatal 
outcomes. Several studies have reported that mater-
nal undernutrition, maternal infection, and inflamma-
tion due to lack of nutrients necessary for the immune 
system contribute to the relationship between low 

pre-pregnancy BMI and PTB [1, 9, 28]. However, it 
remains unclear why maternal low pre-pregnancy BMI 
increases the risk of PTB. Further research is needed 
to reveal the mechanism by which low pre-pregnancy 
BMI affects PTB.

The present study had several strengths. First, this 
was a large prospective cohort study that included 
pregnant Japanese individuals, with a high prevalence 
of thinness. Most previous studies on low pre-preg-
nancy BMI have been conducted in the United States 
and European countries, where the prevalence of thin-
ness is low. Second, maternal pre-pregnancy BMI was 
categorized according to the appropriate BMI catego-
ries in the Asian population. In addition, the normal 
weight group was divided into two groups: low-normal 
weight and high-normal weight. Third, the RCS analy-
sis was used to represent the non-linear relationship 
between maternal low pre-pregnancy BMI and adverse 
perinatal outcomes.

However, this study had several limitations. First, 
maternal gestational weight gain (GWG) was not 
included in the models because it was on the pathway 
from pre-pregnancy BMI to the outcomes. Future stud-
ies should note that the results of this study may not 
be representative of the general population due to the 
recent changes in the GWG guidelines. A meta-analysis 
on GWG [32] has reported that the optimal weight gain 
range was 14.0 kg to less than 16.0 kg for underweight 
individuals. However, this study has also reported that 
maternal pre-pregnancy BMI was more strongly associ-
ated with adverse maternal and infant outcomes than 
the amount of GWG. Also, dietary intake during preg-
nancy was not included in the models. Dietary intake 
during pregnancy, as well as GWG, may be related with 
PTB, LBW, and SGA. Second, any maternal complica-
tions that may have occurred during pregnancy were 
not considered as confounders because this study was 
conducted to predict the risk of adverse perinatal out-
comes a pregnant individuals had at the time of her first 
visit. Third, a part of the maternal pre-pregnancy BMI 
was calculated using self-reported data when maternal 
height and pre-pregnancy weight were not available 
in medical record transcripts. Forth, the numbers of 
VPTB, VLBW, and ELBW were relatively small. Since 
our results demonstrated a trend toward increased risk 
of VPTB and VLBW with lower pre-pregnancy BMI, 
an increase in the number of cases may show a signifi-
cant difference in adverse outcomes. Further research 
is needed to reveal the association between maternal 
low pre-pregnancy BMI and VPTB, VLBW, and ELBW. 
Fifth, this study may not apply to the non-Asian popu-
lation as it was conducted on Japanese women.
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Conclusion
The present study demonstrated the association 
between the severity of maternal low pre-pregnancy 
BMI and adverse perinatal outcomes, including PTB, 
LBW, and SGA, in Japanese pregnant individuals. The 
dose-response relationship between the severity of low 
pre-pregnancy BMI and adverse perinatal outcomes 
was found in the low BMI range. Even low-normal pre-
pregnancy BMI increased the risk of LBW and SGA. To 
reduce the risk of PTB, LBW, and SGA in lean individ-
uals, it would be better to maintain a high-normal pre-
pregnancy BMI. This study provides useful information 
for pre-conception counseling in lean individuals.
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