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Abstract
Background: The antenatal weight targets of gestational weight gain (GWG) (earlier than 40 weeks)
among underweight pregnant women (UPW: pre-pregnancy body mass index≤18.5 kg/m2) that are
useful for the management of weight during pregnancy have not been reported. It had been recently
pointed out that �rm GWG restrictions have led to an increase in the number of low-birth-weight infants in
Japan. Thus, this study aimed to evaluate the perinatal outcomes by GWG at 30 weeks of gestation
among UPW and to discuss the effects of GWG restrictions.

Methods: This retrospective cohort study was conducted at a hospital in Japan from 2003 to 2020. The
UPW (n=3,643) were divided into the four quartile groups based on the GWG at 30 weeks of gestation:
group A ≤ 5.7 kg, 5.7 kg < group B ≤ 7.2 kg, 7.2 kg < group C ≤ 8.8 kg, and 8.8 kg < group D. Their clinical
characteristics and outcomes were compared using t-test, chi-square test, and multivariate logistic
regression analysis.

Results: The incidence rates of preterm births were 7.5% (n=70), 5.0% (n=45), 5.4% (n=50), and 4.9%
(n=44) and the birth rates of small-for-gestational age (SGA) infants were 15.7% (n=147), 9.6% (n=87),
6.9% (n=64), and 5.9% (n=53) in groups A, B, C, and D, respectively. Multivariate logistic regression
analysis showed that group A was signi�cantly associated with preterm births [adjusted odds ratio (Adj.
OR) = 1.6; 95% con�dence interval (CI) = 1.0–2.3; p = 0.018], and groups A and B were signi�cantly
associated with SGA [Adj. OR = 3.0; 95% CI = 2.2–4.2; p < 0.001] [Adj. OR = 1.7; 95% CI = 1.2–2.5; p =
0.002] . No signi�cant differences were noted in the ratio of cesarean section (CS) (p = 0.344),
hypertensive disorders of pregnancy (HDP) (p = 0.954), and macrosomia (p = 0.147) among the four
groups.

Conclusions: The GWG at 30 weeks of >5.7 kg for preterm birth and >7.2 kg for SGA is recommended.
Firm weight restrictions for UPW may have led to an increase of adverse outcomes without reducing the
risk of CS, HDP, and macrosomia. 

Background
Optimal gestational weight gain (GWG) depends on the pre-pregnancy body mass index (BMI).1,2 Some
studies have reported that poor GWG and pre-pregnancy underweight were associated with preterm births
and delivery of small-for-gestational age (SGA) neonates.3 Firm GWG restrictions in Japan have long
been placed to prevent perinatal adverse outcomes, such as preeclampsia. The Japan Society of
Obstetrics and Gynecology guidelines recommend an optimal GWG of 9–12 kg at 40 weeks of gestation
for underweight pregnant women (UPW) compared with a weight gain of 12.7–18.1 kg speci�ed by the
Institute of Medicine.4,5

It had been recently pointed out that �rm GWG restrictions have led to an increase in the number of low-
birth-weight (LBW) infants in Japan.6 In fact, the birth rates of LBW neonates are signi�cantly higher in
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Japan than in the rest of the world, and this rate is constantly increasing.7 The incidence of LBW infants
in Japan was 5.2% in 1980, and this escalated to 9.4% in 2019 against the average percentage of LBW
infants of 6.6% stated by the Organisation for Economic Co-operation and Development member
countries.8

Data on the appropriate GWG range among UPW are limited. Furthermore, previous studies have
represented optimal GWG as the estimated weight gain at 40 weeks of gestation or the weight gain per
week. However, the antenatal weight targets of GWG (earlier than 40 weeks) among UPW that are useful
for the management of maternal weight during pregnancy have not been reported.

Therefore, this retrospective cohort study aimed to evaluate the perinatal outcomes by GWG range,
determine the appropriate weight gain range at 30 weeks of gestation among UPW, and discuss the
effects of �rm GWG restrictions in Japan.

Methods

Participants
We conducted a retrospective cohort study at St. Luke’s International Hospital (Tokyo, Japan), an acute-
care tertiary-level hospital with 520 beds, from July 22, 2003 to April 30, 2020. Underweight women (pre-
pregnancy BMI ≤ 18.5 kg/m2) who gave birth at St. Luke’s International Hospital during the study period
were screened. Multifetal gestations, stillbirth, non-Japanese participants, or pregnant women who
delivered before 30 weeks of gestation were excluded. Participants were divided into four groups based
on the quartile ranges of GWG at 30 weeks of gestation: group A ≤ 5.7 kg, 5.7 kg < group B ≤ 7.2 kg, 7.2
kg < group C ≤ 8.8 kg, and 8.8 kg < group D. The association between clinical characteristics in each
group and outcomes were investigated.

The primary outcomes were incidence rates of preterm births (before 37 weeks of gestation) and SGA
infants, and the secondary outcomes were primary cesarean sections (CS) and maternal and neonatal
complications. Maternal complications included hypertensive disorders of pregnancy (HDP), gestational
diabetes mellitus (GDM), intrapartum hemorrhage (CS > 1,000 mL, vaginal delivery > 500 mL), and post-
term delivery (≥ 42 weeks of gestation). Neonatal complications included neonatal asphyxia (5-min
Apgar score < 7), macrosomia (> 4,000 g), and need for neonatal intensive care.

De�nition
The variables extracted were age, BMI, nulliparity, advanced maternal age (≥ 35 years), smoking history
(during and/or prior to pregnancy), use of assisted reproductive therapy (ART), and presence of
hyperemesis and anemia (hemoglobin < 11.0 mg/dL during the �rst trimester).

We de�ned SGA infant as a newborn with birth weight and height that were below the 10th percentile for
all newborns of the same gestational age, according to statistics from the Japan Pediatric Society.
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Statistical analyses
The patient characteristics and pregnancy outcomes between the four quartile groups were compared
using the chi-square test and one-way analysis of variance with Bonferroni correction as a multiple
comparison procedure in the univariate analysis. Multivariate logistic regression analysis was performed
to identify risk factors for SGA and preterm births. In the multivariate logistic regression analysis, GWG
was included in the independent variables as an exploratory item, and nulliparity, advanced maternal age,
smoking history, ART, hyperemesis, and anemia were also included with the forced entry method based
on previous reports.9,10

All statistical hypothesis tests were performed at 5% signi�cance level. Analyses were performed using
SPSS version 19.0 J (IBM Japan, Tokyo, Japan).

Results
Of 18,430 women who delivered after 22 weeks of gestation at our hospital during the study period, 4,159
were underweight (pre-pregnancy BMI < 18.5 kg/m2). A total of 74 multifetal pregnancies, 60 stillbirths,
152 women of non-Japanese ethnicity, 24 pregnant women who delivered before 30 weeks of pregnancy,
and 206 women with missing data were excluded. Therefore, 3,643 UPW were included in this study
(Additional File 1). They were divided into four groups based on the quartile ranges of GWG at 30 weeks
of gestation. There were 933 (25.6%) women in group A, 899 (24.6%) women in group B, 920 (25.2%)
women in group C, and 891 (24.4%) women in group D.

Participant characteristics
The baseline characteristics of the four quartile groups are visible in Table 1. In the univariate analysis,
age (p = 0.013), advanced maternal age (p = 0.021), smoking history (p < 0.001), ART (p < 0.001), and
anemia during the �rst trimester (p = 0.048) were statistically signi�cant in the four quartile groups.
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Table 1
Baseline characteristics of the four quartile groups based on gestational weight gain at 30 weeks

of gestation
Variable Group A

n = 933

Group B

n = 899

Group C

n = 920

Group D

n = 891

p-value

Age, mean (SD) 34.0 (4.5) 34.1 (4.3) 33.8 (4.3) 33.5 (4.5) 0.013

BMI, mean (SD) 17.6 (0.6) 17.6 (0.7) 17.6 (0.7) 17.6 (0.7) 0.509

Nulliparous, n (%) 644 (69.0) 619 (68.8) 621 (67.5) 603 (67.6) 0.853

Advanced maternal age, n (%) 426 (45.6) 429 (47.7) 407 (44.2) 362 (40.6) 0.021

Smoking history, n (%) 39 (4.1) 30 (3.3) 50 (5.4) 75 (8.4) < 0.001

ART, n (%) 107 (11.4) 106 (11.7) 70 (7.6) 61 (6.8) < 0.001

Hyperemesis, n (%) 36 (3.8) 39 (4.3) 28 (3.0) 24 (2.6) 0.210

Anemia, n (%) 146 (15.6) 112 (12.4) 108 (11.7) 108 (12.1) 0.048

BMI, body mass index; ART, assisted reproductive therapy.

Primary outcomes
The incidence of preterm births was numerically higher in the Group A (7.5%) than in Groups B (5.0%), C
(5.4%), and D (4.9%), while the difference was not statistically signi�cant (p = 0.058). As regards the
incidence of SGA infants, 147 (15.7%) women in group A, 87 (9.6%) in group B, 64 (6.9%) in group C, and
53 (5.9%) in group D delivered SGA infants. A univariate analysis revealed that the delivery of SGA infants
was statistically signi�cant in the four groups (p < 0.001). The proportions of underweight women who
delivered preterm and SGA infants in the four quartile groups are visible in Figs. 1 and 2, respectively. In
the univariate analysis using Bonferroni correction as a multiple comparison procedure, a signi�cant
association for the delivery of SGA infants was identi�ed between groups A and B (p < 0.001), groups A
and C (p < 0.001), groups A and D (p < 0.001), and groups B and D (p = 0.003).

Nulliparity, advanced maternal age, smoking history, ART, hyperemesis, and anemia were included in the
multivariate model. A multivariate analysis revealed that group A was signi�cantly associated with
preterm births (adjusted odds ratio [adj. OR] = 1.6; 95% con�dence interval [CI] = 1.0–2.3; p = 0.018)
(Table 2). Another multivariate analysis also revealed that group A (adj. OR = 3.0; 95% CI = 2.2–4.2; p < 
0.001), group B (adj. OR = 1.7; 95% CI = 1.2–2.5; p = 0.002), nulliparity (adj. OR = 0.7; 95% CI = 0.5–0.9; p = 
0.015), and ART (adj. OR = 0.6; 95% CI = 0.4–0.9; p = 0.049) were signi�cantly associated with the delivery
of SGA infants (Table 2).
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Table 2
Results of multivariate logistic regression analysis for the association between gestational weight gain
at 30 weeks of gestation and primary outcomes: preterm births and small-for-gestational age infants

  Preterm births Small-for-gestational age infants

  Adjusted OR 95% CI p-value Adjusted OR 95% CI p-value

Group A (≤ 5.7 kg) 1.6 1.0-2.3 0.018 3.0 2.2–4.2 < 0.001

Group B(≤ 7.2 kg) 1.0 0.6–1.5 0.870 1.7 1.2–2.5 0.002

Group C (≤ 8.8 kg) 1.1 0.7–1.6 0.624 1.1 0.8–1.7 0.347

Group D (< 8.8 kg) Ref Ref Ref Ref Ref Ref

Nulliparity 0.7 0.5-1.0 0.082 0.7 0.5–0.9 0.015

Advanced maternal age 1.3 0.9–1.7 0.066 0.9 0.7–1.2 0.687

Smoking history 1.3 0.7–2.3 0.353 1.3 0.8–2.1 0.214

ART 0.8 0.5–1.4 0.604 0.6 0.4–0.9 0.049

Hyperemesis 0.2 0.0–1.0 0.055 1.1 0.6–1.9 0.697

Anemia 0.7 0.4–1.2 0.261 1.0 0.7–1.4 0.899

ART, assisted reproductive therapy.

Secondary outcomes
A univariate analysis of the secondary outcomes revealed that the GWG at 30 weeks was signi�cantly
associated with the incidence of GDM (p < 0.001), intrapartum hemorrhage (p = 0.018), post-term delivery
(p = 0.016), and need for neonatal intensive care (p < 0.001). No signi�cant differences in primary CS (p = 
0.344), HDP (p = 0.954), and macrosomia (p = 0.147) were noted among the four quartile groups
(Table 3).
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Table 3
Four quartile groups based on gestational weight gain at 30 weeks of gestation and secondary

outcomes: primary cesarean section, maternal complications, and neonatal complications

  Group A

(n = 933)

Group B

(n = 899)

Group C

(n = 920)

Group D

(n = 891)

p-value

Primary cesarean section, n (%) 96 (10.2) 117 (13.0) 106 (11.5) 103 (11.5) 0.344

Maternal complications          

HDP, n (%) 30 (3.2) 32 (3.5) 29 (3.1) 28 (3.1) 0.954

GDM, n (%) 72 (7.7) 49 (5.4) 41 (4.4) 25 (2.8) < 0.001

Intrapartum hemorrhage, n (%) 166 (17.7) 171 (19.0) 169 (18.3) 206 (23.1) 0.018

Post-term delivery, n (%) 1 (0.1) 1 (0.1) 7 (0.7) 8 (0.8) 0.016

Neonatal complications          

Neonatal intensive care, n (%) 102 (10.9) 66 (7.3) 55 (5.9) 63 (7.0) < 0.001

Neonatal asphyxia, n (%) 8 (0.8) 6 (0.6) 7 (0.7) 5 (0.5) 0.892

Macrosomia, n (%) 2 (0.2) 0 (0.0) 3 (0.3) 5 (0.5) 0.147

GDM, gestational diabetes mellitus; HDP, hypertensive disorders of pregnancy.

Discussion
In this study, a GWG of ≤ 5.7 kg at 30 weeks of gestation signi�cantly increased the incidence of preterm
births. Additionally, a GWG of ≤ 7.2 kg signi�cantly increased the rate of delivery of SGA infants among
Japanese UPW. The level of neonatal intensive care was also higher when the GWG at 30 weeks of
gestation was ≤ 5.7 kg. Adverse outcomes that are known to increase with excessive GWG, such as CS,
HDP, and macrosomia, revealed no statistically signi�cant increases with weight gain. Contrary to the
�ndings of previous studies, the proportion of GDM decreased with more GWG. These results suggested
that �rm weight restrictions for UPW may have led to an increase in the incidence of adverse pregnancy
outcomes without reducing the risk of CS, HDP, GDM, and macrosomia.

This study demonstrated that adequate weight gain in UPW can reduce the rate of preterm births and
delivery of SGA infants. A low pre-pregnancy BMI is, in itself, a risk factor for preterm births.11 However, in
this study, the preterm birth rate was the highest in group A, while the rates in groups B, C, and D were
similar to the Japanese average preterm birth rate (approximately 5.7% since 2000).7 This suggests that
even if pre-pregnancy BMI is underweight, appropriate GWG can prevent preterm births. In the present
study, the higher the maternal weight gain, the lower the proportion of SGA. According to the
Developmental Origins of Health and Disease theory, LBW infants have higher risks of future academic
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de�cits, type 2 DM, and cardiovascular disease.12–14 Therefore, the �rm weight restriction for Japanese
UPW can increase not only the incidence of birth rate of SGA neonates but also those of future diseases.

To the best of our knowledge, this is the �rst study to evaluate the association between antenatal
maternal weight (not estimated weight at 40 weeks) and perinatal adverse outcomes among Japanese
UPW. Based on our analysis, a GWG of > 5.7 kg at 30 weeks is recommended to prevent preterm births,
and a weight gain of > 7.2 kg is required to reduce the rate of SGA infants. Pregnant women are advised
to manage their own weight during pregnancy, and clinicians should monitor pregnant women’s weight at
every prenatal visit.15 In most previous studies, the optimal GWG refers to the predicted estimated weight
gain at 40 weeks or the weight gain per week.16 These studies were epidemiological studies using
perinatal databases that included only the maternal weight data at the time of delivery, not the maternal
weight data during pregnancy. The antenatal weight targets from our results are more useful for pregnant
women to manage their own weight and prevent preterm births and reduce the rate of delivery of SGA
neonates.

This study has some limitations. First, although all weights during pregnancy were measured using the
same weighing scale, pre-pregnancy weight was based on self-reported weights. Second, as this was an
observational study, we did not evaluate the methods of intervention. Therefore, it remains unclear if the
mode of gaining weight (e.g., through diet) reduces perinatal adverse outcomes, such as preterm births
and delivery of SGA neonates. Regardless of stern weight gain restrictions, underweight women may be
less likely to gain weight during pregnancy. Furthermore, the proportion of underweight women in the
younger population has increased in Japan. In 2017, 21.7% of Japanese women of reproductive age were
underweight compared with 13.4% in 1981.17 Thus, preconception counseling is required, as well as
education and awareness before pregnancy, as this would help pregnant women achieve an appropriate
BMI.

In conclusion, a GWG of > 5.7 kg at 30 weeks is recommended to prevent preterm births and a weight gain
of > 7.2 kg is required to reduce the rate of SGA neonates. Firm weight restrictions for UPW may have led
to an increase in the incidence of adverse pregnancy outcomes without reducing the risk of CS, HDP,
GDM, and macrosomia. Therefore, it is critical to revise the optimal antenatal weight gain range based on
this study.
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small-for-gestational age
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Figure 1

Proportions of underweight women who delivered preterm in the four quartile groups based on
gestational weight gain at 30 weeks of gestation
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Figure 2

Proportions of underweight women who delivered small-for-gestational age infants in the four quartile
groups based on gestational weight gain at 30 weeks of gestation. Signi�cant association observed
between two groups (Bonferroni correction as a multiple comparison procedure)
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Figure 3

Proportions of underweight women who delivered preterm in the four quartile groups based on
gestational weight gain at 30 weeks of gestation
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Figure 4

Proportions of underweight women who delivered small-for-gestational age infants in the four quartile
groups based on gestational weight gain at 30 weeks of gestation. Signi�cant association observed
between two groups (Bonferroni correction as a multiple comparison procedure)
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