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Abstract

This study aimed to investigate the association between maternal birth weight (MBW) with
preterm delivery (PTD) in the Japanese population. To this end, a total of 78,972 Japanese
pregnant women were included in a prospective birth cohort study. Multiple logistic regression
and multinominal logistic regression models were applied to investigate the associations of
MBW with PTD (delivery from 22 to < 37 weeks of gestation), early PTD (delivery from 22 to
< 34 weeks), and late PTD (delivery from 34 to< 37 weeks). The results showed that MBWwas
inversely associated with PTD, early PTD, and late PTD (p-for-trend < 0.0001, 0.0014, and
< 0.0001, respectively). The adjusted odds ratios per each 500 g of MBW decrease were 1.167
(95% confidence interval [CI]: 1.118–1.218) for PTD, 1.174 (95% CI: 1.070–1.287) for early
PTD and 1.151 (95% CI: 1.098–1.206) for late PTD. The effect size of the association of MBW
with early PTD was similar to that with late PTD. This study demonstrated for the first time an
association of a lowMBWwith PTD, early PTD, and late PTD in a Japanese nationwide cohort.

Introduction

Birth weight is widely recognized as a fundamental determinant of health status. Notably, low
birth weight (LBW, birth weight < 2,500 g) is associated with worsened short- and long-term
prognoses in some diseases. In this regard, LBW is associated with poor mortality and
neurodevelopmental outcomes1 as well as the risk of developing non-communicable diseases
(NCDs), such as cardiovascular disease, diabetes, and hypertension in adulthood.2–6 The average
birth weight in the Japanese population is decreasing, resulting in increasing prevalence of LBW
infants,7–9 which represents a significant concern in Japan and worldwide. The reproductive
outcome of LBW in female individuals has gained attention and emerging evidence indicates
that LBW is associated with pregnancy complications. Maternal LBW reportedly carried an
increased risk of hypertensive disorders of pregnancy (HDP), gestational diabetes mellitus
(GDM),10–12 and preterm delivery (PTD, the most common pregnancy complication).13

PTD (childbirth before 37 weeks of gestation) occurs in approximately 10% of women during
pregnancy, and its number (currently estimated to be 15 million) is increasing worldwide.14,15

Children born preterm have higher risks of neonatal mortality, morbidity, and long-term
adverse consequences, including neurodevelopmental and respiratory diseases.16–18 As medical
and educational costs and lost productivity associated with preterm birth are estimated to be
>26.2 billion USD in the United States of America alone,19–21 reducing PTD is an urgent
priority. Although some PTD risk factors, such as gestational hypertension, intrauterine
infections, uterine tumors, morphological abnormalities of the uterus, and assisted reproduction
technologies (ART), have been identified,22–24 other potential determinants of PTD remain
unexplored.
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The associations between maternal birth weight (MBW),
including LBW and small for gestational age (SGA), and PTD
have been explored; however, the outcomes are controversial.13,25–27

These studies were conducted in Western countries, and thus, the
Asian population was not included. Recently, a Japanese single-
center cohort study revealed that MBW was inversely associated
with birth delivery to smaller babies (LBW and SGA) but not with
PTD.28 Here, we aimed to investigate the association betweenMBW
and PTD using a nationwide prospective birth cohort study. We
hypothesized that maternal LBW represents a higher risk of PTD,
even after adjusting for numerous variables.

Method

Study design and participants

This study was a cross-sectional study within the Japan
Environment and Children’s Study (JECS), an ongoing prospective
birth cohort study, this investigation utilized data of approximately
100,000 pairs of pregnant women and their children from 15
Regional Centres across Japan since 2011. The main objective of
the JECS is to identify environmental factors that influence
children’s growth and development from the fetal period through
childhood. The JECS protocol was reviewed and approved by the
Ministry of the Environment’s Institutional Review Board for
epidemiological studies and by the Ethics Committees of all
participating institutions. The JECS was also conducted in
accordance with the Declaration of Helsinki. Details of the study
protocol of the JECS were previously reported.29,30 Pregnant
women were recruited at 15 Regional Centres between January
2011 and March 2014 in the JECS.

As shown in the study design paper, to ensure that the results of
the JECS could be considered relevant for the general Japanese
population, 15 Regional Centres from which mothers were
recruited were selected from each region to cover the whole of
Japan29 Each Regional Centre consisted of one or more study areas.
The study sites varied from urban to rural areas. They also included
areas with a variety of characteristics, including agricultural,
fishing, commercial, and industrial lands. The Regional Centres
were selected after each university or research institute was asked
to propose their target areas, populations, methods for recruiting
research participants, organizational structure, regional contacts,
and resources, and after evaluating these proposals. The goal was to
cover half of all births in the target region, with the aim of
recruiting at least half of all eligible mothers for the study. The
coverage rate (the number of births registered in JECS divided by
the total number of births in the study area) for the participating
regions in 2013 was approximately 45%.30 Recruitment was by one
or both of the following two methods.

1. Recruitment at the time of the first prenatal examination at
medical institutions cooperating in the survey.

2. Recruitment at municipalities that publish Mother-Child
Health Handbooks (an official booklet distributed free of charge to
all expectant mothers in Japan and necessary to receive municipal
services related to pregnancy, childbirth, and childcare).

Consent to participate in the study was obtained in writing from
the mothers and their partners. Even once the consent was
provided, participants could withdraw it at any time. Study
exclusions were those who did not consent to the study protocol
and could not be contacted during pregnancy. It is common for
mothers to return to their parents’ homes to give birth in Japan.
Mothers who planned to return to their parents’ homes to deliver

were excluded from the study, except for those who could be
contacted by the Regional Centres. Although every effort wasmade
to contact as many mothers as possible in the study area and the
study participants were carefully selected, the JECS survey was not
a completely random survey. After written informed consent was
obtained from all participants, questionnaires were administered
twice to collect maternal information during the first trimester
(MT1) and the second or third trimester (MT2) of pregnancy.
Additionally, the questionnaire was administered 6 months after
delivery (C6m). The study analyzed the “jecs-ta-20190930” dataset,
which was released by the Programme Office in October 2019.

MBW

Information on MBW in this study was collected from the question
“How many grams were you born with?” in the questionnaire C6m.
However, data on the mother’s delivery weeks were not collected in
the JECS.With reference to previous studies,MBWwas classified into
five categories as follows: < 2,500 g, 2,500–2,999 g, 3,000–3,499 g,
3,500–3,999 g, and≥ 4,000 g.28,31 MBWs of< 500 g or> 6,000 g were
treated as improbable data in this study.10,32

Definition of PTD, early PTD, and late PTD

Information on delivery week was transcribed from medical
records in this study. Expected date of confinement, a basis of
gestational age, was determined based on last menstrual period,
crown rump length measured ultrasonography, or date of transfer
of embryo in the case of ART pregnancies. PTD was defined as
delivery from 22 to < 37 weeks of gestation. Early and late PTD
were defined as deliveries from 22 to < 34 weeks of gestation and
from 34 to < 37 weeks of gestation, respectively.33–35

Data collection for other variables

Maternal height, pre-pregnancy body weight, parity, conception
method, and fetal number were transcribed from medical records.
Pre-pregnancy body mass index (BMI) was calculated from
maternal height and pre-pregnancy body weight. Parity was
categorized into primipara or multipara. The conception method
was classified into spontaneous pregnancy, non-ART, and ART.
Non-ART included ovulatory induction and artificial insemina-
tion by husband. ART included in vitro fertilization and embryo
transfer (IVF-ET) and intracytoplasmic sperm injection. The
number of fetuses was classified into singleton and multiple
pregnancies. Medical history was obtained from the MT1
questionnaire for the following conditions (type 1 diabetes, type
2 diabetes, other types of diabetes, mental illness, polycystic
ovarian syndrome [PCOS], endometriosis, adenomyosis, uterine
malformation, hypertension, hyperthyroidism, hypothyroidism,
kidney disorder, systemic lupus erythematosus [SLE]). Mental
illness was defined as depression, anxiety disorder, schizophrenia,
or dysautonomia. Kidney disorder was defined as immunoglobulin
A nephropathy and/or nephrotic syndrome. History of anti-
phospholipid syndrome (APS) was transcribed from medical
records. Maternal smoking history, secondhand smoking status,
alcohol consumption, and marital status were obtained from the
MT1 questionnaire. Maternal smoking history was categorized as
never; previously did, but quit before realizing current pregnancy;
previously did, but quit after realizing current pregnancy; currently
smoking. Secondhand smoking status was categorized as almost
never, never, and 1–7 days a week. Maternal alcohol consumption
was categorized as never, quit drinking, and continue drinking.
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Marital status was categorized into married, never married,
divorced, and widowed. The maternal education and household
income were collected from the MT2 questionnaire. The maternal
education was categorized as junior high school, high school,
technical junior college, technical/vocational college, associate
degree, bachelor’s degree, and graduate school (master’s and
doctor’s). Annual household income was categorized as follows:
< 2, 2.00–3.99, 4.00–5.99, 6.00–7.99, 8.00–9.99, 10.00–11.99,
12.00–14.99, 15.00–19.99, and ≥ 20.00 million yen. The
geographical areas in which the Regional Centres exist were also
provided in the dataset, and categorized into Hokkaido, Tohoku,
Kanto, Chubu, Kinki, Chugoku, Shikoku, and Kyushu/Okinawa.

Statistical analysis

Characteristics of study participants were shown as mean ±
standard deviation for continuous variables and number (per-
centage) for categorical variables. Differences in characteristics
between study participants whose data were analyzed and those
who were excluded were examined using Student’s t-test for
continuous variables and Chi-squared test for categorical variables.

To investigate the association of MBW with PTD, we applied a
multiple logistic regression model. Regarding the associations of
MBW with early and late PTD, a multinomial logistic regression
model was applied. When MBW, as a categorical variable (i.e.,
<2,500 g, 2,500–2,999 g, 3,000–3,499 g, 3,500–3,999 g, and ≥4,000
g), was included in a multinomial logistic regression model, MBW
of 3,000–3,499 g was set as a reference category in each model
according another study on Japanese pregnant women.28 A linear-
trend test for the associations of MBW with PTD, early and late
PTDwere also conducted. In addition, the associations ofMBW, as
a continuous variable per 500 g decrease, with PTD, early and late
PTD were also investigated. Model 1 was a crude model. Model 2
was adjusted for areas where Regional Centres exist and maternal
age36 at the MT1 questionnaire. Model 3 was created by adjusting
maternal height, pre-pregnancy BMI,37 conception method, parity
(primipara or not),38 history of mental illness,39 history of kidney
disease,40 history of hyperthyroidism, history of hypothyroidism,41

history of SLE and/or APS,42 history of gynecologic disease (PCOS,
endometriosis, adenomyosis, uterine malformation), smoking
history,43 secondhand smoking status, and alcohol consumption,44

socioeconomic factors, including marital status,45 maternal
education level,46 and annual income47 in addition to model 2.
Maternal height is influenced not only by their birth weight but
also by other factors such as genetic factors, nutrition, exercise,
childhood diseases, and socioeconomic factors such as parental
education, so we did not exclude it from the adjustments.48–51

Because a previous study based on the JECS reported the non-
linear association of pre-pregnancy BMI with PTD, pre-pregnancy
BMI as a categorical variable, instead of a continuous variable, was
included in model 2.52 Pre-pregnancy BMI was categorized as
follows: <18.5 kg/m2, 18.5–24.9 kg/m2, 25.0–29.9 kg/m2, and
≥30.0 kg/m2. With reference to previous studies, model 4 was
created by adjusting for both HDP and glucose metabolism
disorders (GMD) (i.e., GDM, type 1 diabetes, and type 2 diabetes)53

as potential intermediate variables in addition to model 3.54–56

Figure 1 illustrates the causal relationship betweenMBWand PTD.
As shown in Figure 1, the covariates adjusted for in our study may
be intermediate variables, except for regions where the Regional
Centres exist and maternal age, rather than confounding factors.
Regions where the Regional Centres exist and maternal age may be
confounding factors.

Several independent variables with strong multicollinearity
were merged as described below. The categories of maternal
smoking status “Never,” “Previously did but quit before realizing
current pregnancy,” and “Previously did but quit after realizing
current pregnancy”weremerged into one category. Never married,
divorced, and widowed were reclassified into one category.
Regarding the highest level of education, junior high school and
high school were reclassified into one category. Bachelor’s degrees
and graduate degrees (master’s/doctor’s) were reclassified into one
category as well. Annual household income was reclassified into
the following categories:< 12.00, 12.00–14.99, and≥ 15.00 million
Japanese yen. The regions where the Regional Centres exist had no
strong multicollinearity.

We used a multiple imputation with Markov chain Monte
Carlo simulation to analyze several independent variables with
missing data.57 The missing pattern of covariates was non-
monotone. Imputation model was constructed using the depen-
dent variable and independent variables from model 4. After 10
datasets were created using multiple imputation, the same analysis
in each dataset was conducted. Each result was then combined
based on Rubin’s rule and reported in this manuscript. A two-sided
p< 0.05 was considered statistically significant.

Characteristics of study participants were summarized using a
gtsummary package of R, version 4.1.1.58,59 The gtsummary
package provides presentation-ready data summary and analytic
result tables. We also performed statistical analysis using the SAS
software, version 9.4 (SAS Institute Inc., Cary, North
Carolina, USA).

Results

Characteristics of study participants

Among 104,062 maternal and fetal records, participants with
multiple participations in the JECS (N = 5,689), participants with
abortion or stillbirth (N= 1,531), participants with multiple
pregnancies (N= 1,809), and those without Japanese nationality
(N = 436) or with missing data on nationality (N= 9,584) were
excluded. Participants who consented to termination (N= 2,225),
participants with missing (N= 3,620) or improbable (N= 28)
MBW data, and those with missing data on weeks of delivery
(N = 168) were also excluded. Finally, 78,972 participants were
included in the analysis. The details of the participant selection
process are shown in Figure 2.

Maternal and neonatal characteristics of the study participants
are summarized in Table 1. The numbers (percentages) of
participants with MBWs < 2,500 g and ≥ 4,000 g were 3,881
(4.9%) and 1,781 (2.3%), respectively. The number (percentage) of
PTD (delivery from 22 to <37 weeks of gestation) was 3,555
(4.5%). The numbers (percentages) of early PTD (delivery from 22
to <34 weeks of gestation), and late PTD (delivery from 34 to
<37 weeks of gestation) were 704 (0.9%) and 2,851 (3.6%),
respectively.

MBW, the main study exposure, was categorized into five
groups as previously described,28 with detailed characteristics
shown in Table 2. The proportions of PTD, early PTD, and late
PTDwere higher among participants with anMBW< 2,500 g than
among those with an MBW of 3,000–3,499 g. As MBW decreased,
there were higher proportions of underweight participants and
lower proportions of obese participants. In addition, as MBW
decreased, infants tended to have lower birth and placental
weights. The proportions of HDP in participants with MBWs
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< 2,500 g and 2,500–2,999 g were higher than that in participants
with an MBW of 3,000–3,499 g. The proportions of GDM in
participants with MBWs of< 2,500 g, 2,500–2,999 g, and≥ 4,000 g
were higher than those in participants with MBWs of 3,000–3,499
g and 3,500–3,999 g. A comparison of the characteristics of the
included participants and those who were excluded due to missing
data was described in the Supplementary Material (Supplementary
Table S1).

Association of MBW with PTD

Multiple logistic regression analysis was performed. Figure 3 shows
the association of MBWwith PTD to investigate the association of
MBWwith PTD. After adjustment for the geographical areas of the
Regional Centres and maternal age (model 2) with participants
having an MBW of 3,000–3,499 g as a reference category, the
adjusted odds ratios [ORs] of PTD were 1.574 (95% confidence
interval [CI]: 1.370–1.808), 1.255 (95% CI: 1.162–1.355), 0.891
(95% CI: 0.800–0.993), and 0.918 (95% CI: 0.718–1.172) in
participants with MBWs < 2,500 g, 2,500–2,999 g, 3,500–3,999 g,
and ≥ 4,000 g, respectively. Lower MBW was associated with an
increased risk of PTD (p-for-trend < 0.0001). With each 500 g of
MBW decrease, the adjusted OR for PTD was 1.206 (95% CI:
1.158–1.256).When we addedmaternal factors and socioeconomic
factors to model 2 to generate model 3, the adjusted ORs of PTD
were 1.514 (95% CI: 1.316–1.742), 1.233 (95% CI: 1.140–1.332),
0.903 (95% CI: 0.809–1.007), and 0.922 (95% CI: 0.721–1.179) in

participants with MBWs < 2,500 g, 2,500–2,999 g, 3,500–3,999 g,
and ≥ 4,000 g, respectively. Lower MBW was associated with an
increased risk of PTD (p-for-trend < 0.0001). With each 500 g of
MBW decrease, the adjusted OR for PTD was 1.189 (95% CI:
1.140–1.240). Similar results were obtained in Model 4, which
added obstetric complications to the adjustment. In all models,
lowerMBWwas associated with higher odds of PTD. The results of
the sensitivity analysis of the association between MBW and PTD
without excluding multiple participation data, using a generalized
estimating equation logistic regression model are shown in the
Supplementary Material (Supplementary Table S2).

Associations of MBW with early and late PTD

We further investigated whether the associations of MBW with
PTD differed between the two PTD subtypes (early PTD, delivery
from 22 to < 34 weeks of gestation; late PTD, delivery from 34 to
<37 weeks of gestation) using multinominal logistic regression
analysis. Term delivery (≥37 weeks of gestation) was set as a
reference. Adjustments for each model were the same as for the
PTD analysis, with participants having an MBW of 3,000–3,499 g
as a reference category.

Table 3 shows the association of MBW with early PTD. In
model 2, the adjusted ORs of early PTDwere 1.568 (95%CI: 1.159–
2.121), 1.277 (95% CI: 1.079–1.512), 0.823 (95% CI: 0.642–1.055),
and 0.900 (95% CI: 0.525–1.544) in participants with MBWs
<2,500 g, 2,500–2,999 g, 3,500–3,999 g, ≥ 4,000 g, respectively.

Figure 1. Causal diagram of maternal birthweight and preterm delivery.
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Lower MBW was associated with an increased risk of early PTD
(p-for-trend<0.0001). With each 500 g of MBW decrease, the
adjusted OR for early PTD was 1.237 (95% CI: 1.132–1.353). In
model 3, the adjusted ORs of early PTDwere 1.436 (95%CI: 1.058–
1.950), 1.230 (95% CI: 1.037–1.459), 0.823 (95% CI: 0.641–1.056),
and 0.887 (95% CI: 0.515–1.526) in participants with MBWs
< 2,500 g, 2,500–2,999 g, 3,500–3,999 g, ≥ 4,000 g, respectively.
Lower MBW was associated with an increased risk of early PTD
(p-for-trend: 0.0002). With each 500 g of MBW decrease, the
adjusted OR for early PTD was 1.207 (95% CI: 1.101–1.323).
Almost similar results were obtained for model 4.

The association ofMBWwith late PTD is also shown in Table 3.
In model 2, the adjusted ORs of late PTD were 1.524 (95% CI:
1.305–1.780), 1.227 (95% CI: 1.126–1.337), 0.917 (95% CI: 0.814–
1.034), and 0.908 (95% CI: 0.691–1.194) in participants with
MBWs <2,500 g, 2,500–2,999 g, 3,500–3,999 g, ≥4,000 g,
respectively. Lower MBW was associated with an increased risk
of late PTD (p-for-trend < 0.0001). With each 500 g of MBW
decrease, the adjusted OR for late PTD was 1.181 (95% CI: 1.129–
1.236). In model 3, the adjusted ORs of late PTD were 1.470 (95%
CI: 1.257–1.720), 1.208 (95% CI: 1.107–1.318), 0.922 (95% CI:
0.817–1.040), and 0.916 (95%CI: 0.696–1.205) in participants with

MBWs <2,500 g, 2,500–2,999 g, 3,500–3,999 g, ≥ 4,000 g,
respectively. Lower MBW was associated with an increased risk of
late PTD (p-for-trend <0.0001). With each 500 g of MBW
decrease, the adjusted OR for late PTD was 1.168 (95% CI: 1.114–
1.224). Almost similar results were obtained for model 4. In all
models, lower MBWwas associated with higher odds of both early
and late PTD.

Discussion

To our best knowledge, the current study is the first to demonstrate
an inverse association between MBW and PTD in the Japanese
population. This association was also observed when PTD was
categorized into two subtypes, early and late PTD. Our results
confirmed findings from previous studies thatmaternal LBWwas a
risk factor of PTD.26,27 There were no major differences between
the basic characteristics of the study group in this study and those
in other Japanese birth cohort studies. Therefore, we believe that
participant selection did not influence the results.

In a study from the United States of America with Caucasian,
Native American, African American, and Hispanic participants,
the OR of PTD for maternal LBW (<2,500 g) was 1.51 (95% CI:

Figure 2. Flowchart of the study participants selection.
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Table 1. Characteristics of study participants

Variables
Values

(N= 78,972)

Maternal birth weight, N (%)

<2,500 g 3,881 (4.9)

2,500–2,999 g 23,344 (29.6)

3,000–3,499 g 38,456 (48.7)

3,500–3,999 g 11,510 (14.6)

≥4,000 g 1,781 (2.3)

Maternal age at MT1, years 30.9 ± 5.0

Category of maternal age at MT1, N (%)

<25 years 8,045 (10.2)

25–29.9 years 22,977 (29.1)

30–34.9 years 27,831 (35.2)

35–39.9 years 16,722 (21.2)

≥40 years 2,914 (3.7)

Missing 483 (0.6)

Height, cm 158.2 ± 5.3

Pre-pregnancy body weight, kg 53.0 ± 8.7

Pre-pregnancy BMI, kg/m2 21.2 ± 3.2

Category of pre-pregnancy BMI, N (%)

Underweight (<18.5 kg/m2) 12,828 (16.2)

Normal range (18.5–24.9 kg/m2) 58,093 (73.6)

Overweight (25.0–29.9 kg/m2) 6,165 (7.8)

Obese (≥30.0 kg/m2) 1,828 (2.3)

Missing 58 (0.1)

History of hypertension, N (%) 358 (0.5)

History of kidney disorder, N (%) 345 (0.4)

History of mental diseases, N (%) 6,045 (7.7)

History of hyperthyroidism or Graves’ disease,
N (%)

829 (1.1)

History of hypothyroidism Hashimoto’s
thyroiditis, N (%)

775 (1.0)

History of SLE and/or APS, N (%) 198 (0.3)

History of PCOS, N (%) 1,821 (2.3)

History of adenomyosis, N (%) 269 (0.3)

History of endometriosis, N (%) 2,943 (3.7)

History of uterine anomaly, N (%) 225 (0.3)

History of preterm delivery, N (%) 2,409 (3.1)

Parity, N (%)

Primipara 43,523 (55.1)

Multipara 33,470 (42.4)

Missing 1,979 (2.5)

Conception method, N (%)

Spontaneous pregnancy 73,142 (92.6)

Non-ART 2,990 (3.8)

(Continued)

Table 1. (Continued )

Variables
Values

(N= 78,972)

ART 2,474 (3.1)

Missing 366 (0.5)

HDP, N (%) 2,361 (3.0)

GDM, N (%) 2,155 (2.7)

Type 1 diabetes, N (%) 61 (0.1)

Type 2 diabetes, N (%) 99 (0.1)

Placental abruption, N (%) 321 (0.4)

Gestational weeks at delivery, weeks 39.3 (1.5)

PTD (22 to < 37 weeks of gestation), N (%) 3,555 (4.5)

Early PTD (22 to < 34 weeks of gestation), N (%) 704 (0.9)

Late PTD (34 to < 37 weeks of gestation), N (%) 2,851 (3.6)

Infant sex, N (%)

Male 40,422 (51.2)

Female 38,528 (48.8)

Infant birth weight, g 3,025 ± 413

Placenta, g 559 ± 111

DVT, N (%) 24 (0.0)

Amniotic fluid embolism, N (%) 4 (0.0)

Placenta previa, N (%) 494 (0.6)

Chorioamnionitis, N (%) 471 (0.6)

Smoking status, N (%)

Never 46,637 (59.1)

Previously did, but quit before realizing current
pregnancy

18,180 (23.0)

Previously did, but quit after realizing current
pregnancy

10,004 (12.7)

Currently smoking 3,166 (4.0)

Missing 985 (1.2)

Secondhand smoking status, N (%)

Almost never/ Never 39,555 (50.1)

1–7 days a week 38,610 (48.9)

Missing 807 (1.0)

Alcohol consumption, N (%)

Never 26,986 (34.2)

Quit drinking 43,208 (54.7)

Continue drinking 7,974 (10.1)

Missing 804 (1.0)

Marital status, N (%)

Married 74,981 (94.9)

Unmarried 2,651 (3.4)

Divorced or widowed 574 (0.7)

Missing 766 (1.0)

(Continued)
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0.96–2.38) and the adjusted OR (adjusted for maternal age, parity,
ethnicity, and pre-pregnancy BMI) was 1.54 (95% CI: 0.97–2.44).
Although similar trends were observed in each of the four ethnic
groups, an Asian population was not included in this study.
Another study showed that the ORs of PTD with maternal LBW
(<2,500 g) among African Americans and Caucasians were 1.6
(95% CI: 1.3–1.9) and 1.3 (95% CI: 1.0–1.6), respectively.60 The
baseline characteristics of the cohort in our study were similar to
those in other birth cohort studies in Japan (i.e., The Hokkaido
Birth Cohort Study on Environment and Children’s Health,
Tohoku Medical Megabank Project Birth and Three-Generation

Cohort Study, and the Kyushu Okinawa Maternal and Child
Health Study).61–63 Specifically, maternal age, BMI, gestational
weeks at delivery, PTD, birth weight, smoking status, alcohol
consumption, parity, highest level of education, and annual
household income were similar. Therefore, the generalizability of
our results would not be low. Our result in a Japanese population is
consistent with these aforementioned findings, which indicated
that maternal LBW was a PTD risk factor with different degrees of
association among the races. Further, MBW was an indicator of
PTD, regardless of ethnicity. However, our results were incon-
sistent with those shown in a previous Japanese study.28 Although
pregnant women with MBW < 2,500 g also tended to have higher
odds ratios for PTD than those with 3,000–3,499 g in the previous
study,28 statistical significance was not noted. Our study used a
large-scale cohort from multiple facilities (N= 78,972), while the
previous study was conducted at a single facility with a relatively
small number of participants (N= 944). The small number of cases
of PTD in the previous study might be the reason there was no
statistical significance.

Regarding the association of MBW with PTD subtypes, the
effect size of the association of MBW with early PTD were similar
to that with late PTD. In contrast, De et al. reported that the
association of MBW with early PTD was stronger than that with
late PTD.26 The ORs of early and late PTD in participants with an
MBW < 2,500 g were 1.94 (95% Cl: 0.73–5.20) and 1.46 (95% Cl:
0.88–2.43), respectively, in the study of De et al., whereas in our
study, the corresponding ORs were 1.347 (95% Cl: 0.989–1.835)
and 1.418 (1.210–1.660), respectively. Differences in the number of
participants, independent variables in the statistical analysis, and
ethnicity might account for this discrepancy.

Numerous risk factors for PTD, including gestational hyper-
tension, intrauterine infections, uterine tumors, morphological
abnormalities of the uterus, and ART, have been reported.22–24

Even after adjusting for several variables, the association of
maternal LBW with PTD persisted. Maternal height might be an
intermediate variable. Therefore, we performed an analysis
excluding maternal height from the adjustments, but the results
did not change significantly. The results of Model 4, created to
account for the possibility that maternal complications such as
HDP and GMD were intermediate variables, were similar to those
of Model 3, which did not adjust for these variables. Therefore, we
considered that the relationship betweenMBWand PTD could not
be fully explained by HDP and GMD. Furthermore, as an
additional sensitivity analysis, we performed statistical analysis in
pregnant women with neither HDP nor GMD, but the results did
not change significantly. Thus, we believe that the relationship
between MBW and PTD cannot be fully explained by HDP and
GMD. As an epidemiological study, our research could not explore
the underlying mechanism of this phenomenon, which might
require further investigations with animal or human models to
discover related molecular components.

Maternal LBW includes cases of preterm birth and SGA, which
were not considered in our study. Therefore, it was not possible to
determine whether the maternal LBW was caused by a preterm
delivery or SGA. Thus, maternal LBW would include both SGA
and PTD in our study. Previous studies13,25 demonstrated that
either SGA or preterm birth was a PTD risk factor.

This study has several strengths. First, the study participants
were recruited from diverse geographical areas in Japan. The PTD
rate in Japan was 5.9% in 2010, one of the lowest rates in the
world.64 Similar to that provided in theWorldHealth Organization
report, the PTD rate was 4.5% in the current study. Therefore, the

Table 1. (Continued )

Variables
Values

(N= 78,972)

Highest level of education, N (%)

Junior high school 3,070 (3.9)

High school 23,492 (29.7)

Technical junior college 1,280 (1.6)

Technical/vocational college 18,141 (23.0)

Associate degree 14,253 (18.0)

Bachelor’s degree 16,621 (21.0)

Graduate degree (Master’s/Doctor’s) 1,173 (1.5)

Missing 942 (1.2)

Annual household income (million,
Japanese yen), N (%)

<2 3,733 (4.7)

2–3.99 24,823 (31.4)

4–5.99 24,565 (31.1)

6–7.99 12,157 (15.4)

8–9.99 5,028 (6.4)

10–11.99 1,863 (2.4)

12–14.99 722 (0.9)

15–19.99 406 (0.5)

≥20 234 (0.3)

Missing 5,441 (6.9)

Regions where Regional Centres exist, N (%)

Hokkaido 6,371 (8.1)

Tohoku 17,276 (21.9)

Kanto 9,563 (12.1)

Chubu 14,359 (18.2)

Kinki 13,413 (17.0)

Chugoku 2,379 (3.0)

Shikoku 5,265 (6.7)

Kyusyu–Okinawa 10,346 (13.1)

APS, antiphospholipid antibody syndrome; ART, assisted reproductive technology; BMI, body
mass index; DVT, deep venous thrombosis; GDM, gestational diabetes mellitus; HDP,
hypertensive disorders of pregnancy; PCOS, polycystic ovary syndrome; PTD, preterm
delivery; SLE, systemic lupus erythematosus.
Continuous variables and categorical variables were expressed as mean ± standard deviation
and number (%), respectively.
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Table 2. Characteristics of study participants according to categories of maternal birth weight

Variables

Maternal birth weight

<2,500 g (N= 3,881) 2,500–2,999 g (N= 23,344) 3,000–3,499 g (N= 38,456) 3,500–3,999 g (N= 11,510) ≥4,000 g (N= 1,781)

Maternal age at MT1, years 30.5 ± 5.2 30.7 ± 5.1 31.0 ± 4.9 31.2 ± 4.9 31.5 ± 4.8

Category of maternal age at MT1, N (%)

<25 years 508 (13.1) 2,680 (11.5) 3,727 (9.7) 991 (8.6) 139 (7.8)

25–29.9 years 1,122 (28.9) 7,006 (30.0) 11,091 (28.8) 3,288 (28.6) 470 (26.4)

30–34.9 years 1,307 (33.7) 7,995 (34.2) 13,805 (35.9) 4,070 (35.4) 654 (36.7)

35–39.9 years 769 (19.8) 4,665 (20.0) 8,252 (21.5) 2,601 (22.6) 435 (24.4)

≥40 years 144 (3.7) 864 (3.7) 1,347 (3.5) 485 (4.2) 74 (4.2)

Missing 31 (0.8) 134 (0.6) 234 (0.6) 75 (0.7) 9 (0.5)

Height, cm 155.7 ± 5.4 156.9 ± 5.2 158.5 ± 5.2 160.1 ± 5.2 161.2 ± 5.2

Pre-pregnancy body weight, kg 51 ± 9 52 ± 8 53 ± 9 55 ± 9 57 ± 10

Pre-pregnancy BMI, kg/m2 20.9 ± 3.3 20.9 ± 3.2 21.2 ± 3.2 21.5 ± 3.3 22.0 ± 3.6

Category of pre-pregnancy BMI, N (%)

Underweight (<18.5 kg/m2) 796 (20.5) 4,410 (18.9) 6,017 (15.6) 1,447 (12.6) 158 (8.9)

Normal range (18.5–24.9 kg/m2) 2,704 (69.7) 16,796 (71.9) 28,485 (74.1) 8,747 (76.0) 1,361 (76.4)

Overweight (25.0–29.9 kg/m2) 300 (7.7) 1,619 (6.9) 3,066 (8.0) 984 (8.5) 196 (11.0)

Obese (≥30.0 kg/m2) 76 (2.0) 497 (2.1) 867 (2.3) 324 (2.8) 64 (3.6)

Missing 5 (0.1) 22 (0.1) 21 (0.1) 8 (0.1) 1 (0.1)

History of hypertension, N (%) 29 (0.8) 121 (0.5) 154 (0.4) 46 (0.4) 8 (0.5)

History of kidney disorder, N (%) 24 (0.6) 103 (0.4) 152 (0.4) 55 (0.5) 11 (0.6)

History of mental disease, N (%) 329 (8.5) 1,795 (7.7) 2,877 (7.5) 904 (7.9) 140 (7.9)

History of hyperthyroidism, N (%) 52 (1.4) 236 (1.0) 418 (1.1) 111 (1.0) 12 (0.7)

History of hypothyroidism, N (%) 50 (1.3) 242 (1.0) 360 (0.9) 99 (0.9) 24 (1.4)

History of SLE and/or APS, N (%) 11 (0.3) 64 (0.3) 92 (0.2) 27 (0.2) 3 (0.2)

History of PCOS, N (%) 81 (2.1) 559 (2.4) 844 (2.2) 292 (2.6) 45 (2.5)

History of adenomyosis, N (%) 8 (0.2) 72 (0.3) 144 (0.4) 37 (0.3) 8 (0.5)

History of endometriosis, N (%) 145 (3.8) 843 (3.6) 1,420 (3.7) 454 (4.0) 81 (4.6)

History of uterine anomaly, N (%) 8 (0.2) 75 (0.3) 111 (0.3) 27 (0.2) 4 (0.2)

History of preterm delivery, N (%) 160 (4.1) 786 (3.4) 1,096 (2.9) 308 (2.7) 59 (3.3)
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Table 2. (Continued )

Parity, N (%)

Primipara 2,027 (52.2) 12,626 (54.1) 21,519 (56.0) 6,314 (54.9) 1,037 (58.2)

Multipara 1,761 (45.4) 10,090 (43.2) 16,003 (41.6) 4,911 (42.7) 705 (39.6)

Missing 93 (2.4) 628 (2.7) 934 (2.4) 285 (2.5) 39 (2.2)

Conception method, N (%)

Spontaneous pregnancy 3,598 (92.7) 21,664 (92.8) 35,676 (92.8) 10,562 (91.8) 1,642 (92.2)

Non-ART 147 (3.8) 861 (3.7) 1,428 (3.7) 490 (4.3) 64 (3.6)

ART 111 (2.9) 711 (3.0) 1,175 (3.1) 410 (3.6) 67 (3.8)

Missing 25 (0.6) 108 (0.5) 177 (0.5) 48 (0.4) 8 (0.4)

HDP, N (%) 160 (4.1) 773 (3.3) 1,070 (2.8) 308 (2.7) 50 (2.8)

GDM, N (%) 154 (4.0) 690 (3.0) 988 (2.6) 274 (2.4) 49 (2.8)

Type 1 diabetes, N (%) 3 (0.1) 19 (0.1) 30 (0.1) 7 (0.1) 2 (0.1)

Type 2 diabetes, N (%) 8 (0.2) 32 (0.1) 42 (0.1) 12 (0.1) 5 (0.3)

Placental abruption, N (%) 19 (0.5) 94 (0.4) 165 (0.4) 36 (0.3) 7 (0.4)

Gestational weeks at delivery, weeks 39.0 ± 1.7 39.2 ± 1.6 39.3 ± 1.5 39.4 ± 1.5 39.4 ± 1.5

PTD (22 to < 37 weeks of gestation), N (%) 246 (6.3) 1,198 (5.1) 1,606 (4.2) 435 (3.8) 70 (3.9)

Early PTD (22 to < 34 weeks of gestation), N (%) 50 (1.3) 244 (1.1) 317 (0.8) 79 (0.7) 14 (0.8)

Late PTD (34 to < 37 weeks of gestation), N (%) 196 (5.1) 954 (4.1) 1,289 (3.4) 356 (3.1) 56 (3.1)

Infant sex, N (%)

Male 1,982 (51.1) 11,907 (51.0) 19,696 (51.2) 5,918 (51.4) 919 (51.6)

Female 1,897 (48.9) 11,434 (49.0) 18,750 (48.8) 5,585 (48.5) 862 (48.4)

Infant birth weight, g 2,875 ± 427 2,932 ± 401 3,043 ± 396 3,168 ± 417 3,257 ± 424

Placenta, g 536 (106) 541 (109) 562 (108) 586 (118) 608 (112)

DVT, N (%) 1 (0.0) 7 (0.0) 13 (0.0) 2 (0.0) 1 (0.1)

Amniotic fluid embolism, N (%) 0 (0.0) 0 (0.0) 4 (0.0) 0 (0.0) 0 (0.0)

Placenta previa, N (%) 14 (0.4) 141 (0.6) 243 (0.6) 82 (0.7) 14 (0.8)

Chorioamnionitis, N (%) 25 (0.6) 126 (0.5) 234 (0.6) 72 (0.6) 14 (0.8)

Smoking status, N (%)

Never 2,267 (58.4) 13,820 (59.2) 22,724 (59.1) 6,808 (59.1) 1,018 (57.2)

Previously did, but quit before realizing current pregnancy 826 (21.3) 5,260 (22.5) 8,932 (23.2) 2,731 (23.7) 431 (24.2)

Previously did, but quit after realizing current pregnancy 517 (13.3) 2,960 (12.7) 4,835 (12.6) 1,458 (12.7) 234 (13.1)

Continue smoking 213 (5.5) 1,014 (4.3) 1,488 (3.9) 372 (3.2) 79 (4.4)

Missing 58 (1.5) 290 (1.2) 477 (1.2) 141 (1.2) 19 (1.1)

(Continued)
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Table 2. (Continued )

Variables

Maternal birth weight

<2,500 g (N= 3,881) 2,500–2,999 g (N= 23,344) 3,000–3,499 g (N= 38,456) 3,500–3,999 g (N= 11,510) ≥4,000 g (N= 1,781)

Secondhand smoking status, N (%)

Almost never/ Never 1,813 (46.7) 11,354 (48.6) 19,537 (50.8) 5,958 (51.8) 893 (50.1)

1–7 days a week 2,022 (52.1) 11,755 (50.4) 18,518 (48.2) 5,440 (47.3) 875 (49.1)

Missing 46 (1.2) 235 (1.0) 401 (1.0) 112 (1.0) 13 (0.7)

Alcohol drinking status, N (%)

Never 1,420 (36.6) 8,098 (34.7) 13,101 (34.1) 3,813 (33.1) 554 (31.1)

Quit drinking 2,050 (52.8) 12,695 (54.4) 21,051 (54.7) 6,401 (55.6) 1,011 (56.8)

Continue drinking 360 (9.3) 2,313 (9.9) 3,916 (10.2) 1,186 (10.3) 199 (11.2)

Missing 51 (1.3) 238 (1.0) 388 (1.0) 110 (1.0) 17 (1.0)

Marital status, N (%)

Married 3,616 (93.2) 22,093 (94.6) 36,602 (95.2) 10,965 (95.3) 1,705 (95.7)

Unmarried 183 (4.7) 856 (3.7) 1,205 (3.1) 358 (3.1) 49 (2.8)

Divorced or widowed 31 (0.8) 173 (0.7) 283 (0.7) 75 (0.7) 12 (0.7)

Missing 51 (1.3) 222 (1.0) 366 (1.0) 112 (1.0) 15 (0.8)

Highest level of education, N (%)

Junior high school 189 (4.9) 977 (4.2) 1,466 (3.8) 370 (3.2) 68 (3.8)

High school 1,343 (34.6) 7,115 (30.5) 11,260 (29.3) 3,214 (27.9) 560 (31.4)

Technical junior college 72 (1.9) 383 (1.6) 625 (1.6) 175 (1.5) 25 (1.4)

Technical/vocational college 892 (23.0) 5,438 (23.3) 8,738 (22.7) 2,670 (23.2) 403 (22.6)

Associate degree 617 (15.9) 4,153 (17.8) 7,001 (18.2) 2,186 (19.0) 296 (16.6)

Bachelor’s degree 671 (17.3) 4,683 (20.1) 8,315 (21.6) 2,576 (22.4) 376 (21.1)

Graduate degree (Master’s/Doctor’s) 44 (1.1) 318 (1.4) 585 (1.5) 197 (1.7) 29 (1.6)

Missing 53 (1.4) 277 (1.2) 466 (1.2) 122 (1.1) 24 (1.3)

Annual household income (million, Japanese yen), N (%)

<2 206 (5.3) 1,211 (5.2) 1,733 (4.5) 493 (4.3) 90 (5.1)

2–3.99 1,358 (35.0) 7,470 (32.0) 12,000 (31.2) 3,444 (29.9) 551 (30.9)

4–5.99 1,141 (29.4) 7,168 (30.7) 12,069 (31.4) 3,643 (31.7) 544 (30.5)

6–7.99 529 (13.6) 3,435 (14.7) 5,976 (15.5) 1,936 (16.8) 281 (15.8)

8–9.99 220 (5.7) 1,478 (6.3) 2,472 (6.4) 739 (6.4) 119 (6.7)

10
R
.K

udo
et

al.

https://doi.org/10.1017/S2040174424000126 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S2040174424000126


Table 2. (Continued )

10–11.99 75 (1.9) 525 (2.2) 957 (2.5) 270 (2.3) 36 (2.0)

12–14.99 32 (0.8) 191 (0.8) 374 (1.0) 111 (1.0) 14 (0.8)

15–19.99 16 (0.4) 128 (0.5) 199 (0.5) 57 (0.5) 6 (0.3)

≥20 11 (0.3) 63 (0.3) 118 (0.3) 36 (0.3) 6 (0.3)

Missing 293 (7.5) 1,675 (7.2) 2,558 (6.7) 781 (6.8) 134 (7.5)

Regions where Regional Centres exist, N (%)

Hokkaido 309 (8.0) 1,883 (8.1) 3,043 (7.9) 980 (8.5) 156 (8.8)

Tohoku 871 (22.4) 5,134 (22.0) 8,420 (21.9) 2,489 (21.6) 362 (20.3)

Kanto 454 (11.7) 2,881 (12.3) 4,611 (12.0) 1,428 (12.4) 189 (10.6)

Chubu 651 (16.9) 4,359 (18.7) 6,971 (18.1) 2,051 (17.8) 321 (18.0)

Kinki 649 (16.7) 3,911 (16.8) 6,570 (17.1) 1,949 (16.9) 334 (18.8)

Chugoku 126 (3.2) 678 (2.9) 1,181 (3.1) 346 (3.0) 48 (2.7)

Shikoku 296 (7.6) 1,566 (6.7) 2,519 (6.6) 766 (6.7) 118 (6.6)

Kyusyu–Okinawa 519 (13.4) 2,932 (12.6) 5,141 (13.4) 1,501 (13.0) 253 (14.2)

APS, antiphospholipid antibody syndrome; ART, assisted reproductive technology; BMI, bodymass index; DVT, deep venous thrombosis; GDM, gestational diabetes mellitus; HDP, hypertensive disorders of pregnancy; PCOS, polycystic ovary syndrome; PTD,
preterm delivery; SLE, systemic lupus erythematosus.
Continuous variables and categorical variables were expressed as mean ± standard deviation and number (%), respectively.
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external validity of our results is expected to be high. Second, this
study considered many variables in the statistical analysis,
including maternal and socioeconomic factors.

However, some limitations of this study should also be
considered. First, the causes of PTD (the main outcome in our
study), such as artificial and spontaneous PTD, were not collected
in the JECS. As information regarding maternal birth’s gestational
age was not collected in the JECS, we were not able to determine
whether the cause of maternal LBW was SGA or PTD. Second,
MBW information was obtained from the self-reported question-
naire at 6 months after delivery, rather from the MT1 or MT2
questionnaires, which is the study design of the JECS. However,
birth weights transcribed from medical records and self-report
were known to be comparable.65 Additionally, the actual MBW
obtained from the Maternal and Child Health Handbook was
similar to that in the self-report in Japan.66 Some previous studies,

using the JECS, showed an association between low MBW and
perinatal outcomes, including HDP or GDM, similar to the case
using MBW collected from the birth weight stated in the maternal
birth certificate.67–69 Therefore, this limitation would not signifi-
cantly affect our findings. Furthermore, JECS did not collect also
did not collect factors that led to a pregnant woman’s own birth as a
LBW baby. Kasuga et al. found that low pre-pregnancy maternal
weight, inadequate gestational weight gain, birth at 37 gestational
weeks, HDP, anemia during pregnancy, female sex, and neonatal
congenital anomalies were risk factors for LBW in Japanese full-
term infants.70 It is necessary to examine the relationship between
these risk factors for giving birth to LBW babies and PTD in the
next generation. A presumed confounding factor would be a family
history of preterm delivery and socioeconomic variables at
maternal delivery. Because our study did not collect family history
of PTD and socioeconomic variables at maternal delivery, which

Figure 3. Association of maternal birth weight with PTD (delivery from 22 to < 37 weeks of gestation). Model 1: Crude model. Model 2: Adjusting for regions where the Regional
Centres exist and maternal age. Model 3: Adjusting for maternal height, pre-pregnancy BMI, conception method, parity (primipara or not), history of mental illness, history of
kidney disease, history of hyperthyroidism, history of hypothyroidism, history of SLE and/or APS, history of gynecologic disease (PCOS, endometriosis, adenomyosis, uterine
malformation), smoking history, secondhand smoking history, alcohol consumption, socioeconomic factors, including marital status, education level, and annual income in
addition to model 2. Model 4: Adjusting for both HDP and GMD (i.e., GDM, type 1 diabetes, and type 2 diabetes) in addition to model 3. Categorical variables: regions where the
Regional Centres exist, maternal age, pre-pregnancy BMI, conception method, parity, history of mental illness, history of kidney disease, history of hyperthyroidism, history of
hypothyroidism, history of SLE and/or APS, history of gynecologic disease (PCOS, endometriosis, adenomyosis, uterine malformation), smoking history, secondhand smoking
history, alcohol consumption, marital status, education level, annual income, HDP, GDM, type 1 diabetes, and type 2 diabetes. Continuous variables: maternal age, and height.
APS, antiphospholipid antibody syndrome; BMI, body mass index; CI, confidence interval; GDM, gestational diabetes mellitus; GMD, glucose metabolism disorders; HDP,
hypertensive disorders of pregnancy; OR, odds ratio; PCOS, polycystic ovary syndrome; PTD, preterm delivery; SLE, systemic lupus erythematosus.
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Table 3. Association of MBW with early PTD and late PTD

Outcome

Maternal birth weight

P–value
for trend

Continuous variable,
per 500 g of maternal
birth weight decrease

<2,500 g 2,500–2,999 g 3,000–3,499 g 3,500–3,999 g ≥4,000 g

(N= 3,881) (N= 23,344) (N= 38,456) (N= 11,510) (N= 1,781)

Early PTD (delivery from
22 to < 34 weeks of gestation)

Cases/N (%) 50 (1.3) 244 (1.1) 317 (0.8) 79 (0.7) 14 (0.8) NA NA

Model 1, Crude OR (95% Cl) 1.598 (1.184–2.158) 1.28 (1.082–1.514) Reference 0.829 (0.647–1.061) 0.951 (0.555–1.628) <0.0001 1.244 (1.138–1.360)

Model 2, Adjusted OR (95% Cl) 1.568 (1.159–2.121) 1.277 (1.079–1.512) Reference 0.823 (0.642–1.055) 0.900 (0.525–1.544) <0.0001 1.237 (1.132–1.353)

Model 3, Adjusted OR (95% Cl) 1.436 (1.058–1.950) 1.23 (1.037–1.459) Reference 0.823 (0.641–1.056) 0.887 (0.515–1.526) 0.0002 1.207 (1.101–1.323)

Model 4, Adjusted OR (95% Cl) 1.347 (0.989–1.835) 1.195 (1.006–1.419) Reference 0.837 (0.651–1.077) 0.912 (0.527–1.576) 0.0014 1.174 (1.070–1.287)

Late PTD (delivery from 34 to
< 37 weeks of gestation)

Cases/N (%) 196 (5.1) 954 (4.1) 1,289 (3.4) 356 (3.1) 56 (3.1) NA NA

Model 1, Crude OR (95% Cl) 1.541 (1.321–1.798) 1.231 (1.130–1.341) Reference 0.918 (0.815–1.035) 0.935 (0.712–1.228) <0.0001 1.189 (1.136–1.245)

Model 2, Adjusted OR (95% Cl) 1.524 (1.305–1.780) 1.227 (1.126–1.337) Reference 0.917 (0.814–1.034) 0.908 (0.691–1.194) <0.0001 1.181 (1.129–1.236)

Model 3, Adjusted OR (95% Cl) 1.47 (1.257–1.720) 1.208 (1.107–1.318) Reference 0.922 (0.817–1.040) 0.916 (0.696–1.205) <0.0001 1.168 (1.114–1.224)

Model 4, Adjusted OR (95% Cl) 1.418 (1.210–1.660) 1.189 (1.090–1.297) Reference 0.931 (0.825–1.051) 0.931 (0.706–1.226) <0.0001 1.151 (1.098–1.206)

APS, antiphospholipid antibody syndrome; BMI, bodymass index; CI, confidence interval; GDM, gestational diabetes mellitus; GMD, glucosemetabolism disorders; HDP, hypertensive disorders of pregnancy; OR, odds ratio; PCOS, polycystic ovary syndrome;
PTD, preterm delivery; SLE, systemic lupus erythematosus; NA, not applicable.
Model 1: Crude model. Model 2: Adjusting for regions where the Regional Centres exist and maternal age. Model 3: Adjusting for maternal height, pre-pregnancy BMI, conception method, parity, history of mental illness, history of kidney disease, history of
hyperthyroidism, history of hypothyroidism, history of SLE and/or APS, history of gynecologic disease (PCOS, endometriosis, adenomyosis, uterinemalformation), smoking history, secondhand smoking history, alcohol consumption, socioeconomic factors,
including marital status, education level, and annual income in addition to model 2. Model 4: Adjusting for both HDP and GMD (i.e., GDM, type 1 diabetes, and type 2 diabetes) in addition to model 3.
Categorical variables: regions where the Regional Centres exist, maternal age, pre-pregnancy BMI, conception method, parity, history of mental illness, history of kidney disease, history of hyperthyroidism, history of hypothyroidism, history of SLE and/or
APS, history of gynecologic disease (PCOS, endometriosis, adenomyosis, uterine malformation), smoking history, secondhand smoking history, alcohol consumption, marital status, education level, annual income, HDP, GDM, type 1 diabetes, and type 2
diabetes.
Continuous variables: maternal age, and height.
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are possible confounding factors, residual confounding would
exist.72 The clinical significance of our study is that the use of
information onMBWwould contribute to detect pregnant women
at high risk of PTD.

Decreasing the number of LBW girls might reduce the PTD risk
in future pregnancies. Treatment of preeclampsia, a risk factor of
LBW, could presumably reduce the number of LBW girls. Low-
dose aspirin for high-risk cases might play a role in reducing
preterm preeclampsia,72 and thus, reducing the LBW risk.

In conclusion, the current study showed an inverse association
between MBW and PTD. Obtaining the birth weights of the
pregnant women as a part of the prenatal medical history
examinations could play an important role in PTD prediction.
Future studies are expected to elucidate the mechanism by which
MBW influences gestation length.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S2040174424000126.
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