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Abstract. We aimed to determine the optimal gestational weight gain (GWG) in Japanese women with a Body Mass Index
(BMI) ≥25 kg/m2. The present retrospective study investigated singleton pregnancies in 6,781 Japanese women registered in
the Japan Society of Obstetrics and Gynecology system in 2013. We divided overweight and obese women into four GWG
categories based on the Institute of Medicine (IOM) recommended: weight loss, small weight gain, within IOM criteria, and
above IOM criteria. The adjusted odds ratios and predicted probabilities of maternal and neonatal outcomes of interest with
weight change were calculated. In overweight women, GWG was associated with neonatal birth weight. In the loss and small
gain subgroups, there was a significant increase in small for gestational age (SGA) and low birth weight neonates (LBW).
Predicted probabilities showed the lowest risk was observed in a weight gain of 0 kg; the risk sharply increased at a gain of
11.5 kg. In obese women, weight gain increased the prevalence of large for gestational age (LGA) neonates; however; SGA
was not associated with GWG. Predicted probabilities showed an increase in the risk with weight gain. The observed optimal
GWG was 0 to 11.5 kg in overweight, and weight loss in obese, pregnant Japanese women.
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PRE-PREGNANCY BODY MASS INDEX (BMI) and
gestational weight gain (GWG) have been reported to be
associated with pregnancy outcomes [1-6]. The Institute
of Medicine (IOM) revised the GWG guidelines in 2009
and recommended that obese women (BMI ≥30 kg/m2)
should gain between 5 and 9 kg to obtain the best mater‐
nal and perinatal outcomes [4]. However, a few studies
from Europe and North America have suggested that a
GWG below the IOM guidelines is associated with more
favourable pregnancy outcomes in obese women [3,
7-13].

Japanese women are more likely to be underweight
than those in Europe and North America; therefore, the
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obesity classification used in Japan differs from that
developed by the IOM [14-16]. According to the criteria
developed by the Japan Society of Obstetrics and
Gynecology (JSOG), women with a BMI of ≥25 kg/m2

are classified as obese without further subdivision [17].
Optimal weight gain for pregnant Japanese women with
a BMI ≥25 kg/m2 is assessed on a case-to-case basis [18,
19]. In our previous study entitled, “Pregnancy outcomes
based on pre-pregnancy body mass index in Japanese
women: POBMIJ Study,” we reported that the IOM clas‐
sification is also applicable to pregnant Japanese women
because overweight (25 kg/m2≤ BMI <30 kg/m2) and
obese (BMI ≥30 kg/m2) women have different pregnancy
outcomes. In addition, when pregnancy outcomes were
compared among three groups of pregnant Japanese
women with GWG below, within, and above the IOM-
recommended weight gain, pregnant women with GWG
within the IOM criteria had the best pregnancy outcomes
among those with a BMI <30 kg/m2, whereas no differ‐
ences were observed in those with a BMI ≥30kg/m2 [20].



However, because we compared pregnancy outcomes
among the groups classified according to only the IOM-
recommended weight gain in our previous study, it was
not clear whether customized weight gain categories
needed to be developed for this population.

The present study was conducted as a secondary
analysis of the POBMIJ Study with the objective of
defining an optimal GWG in obese pregnant Japanese
women. For this purpose, we conducted a large-scale
retrospective study using the database of the JSOG
Successive Pregnancy Birth Registry System to explore
associations between GWG and pregnancy outcomes
among overweight and obese Japanese women in order
to determine the optimal GWG.

Methods

Study design
The present study was a retrospective investigation of

women included in the JSOG registry system. Approxi‐
mately 280 secondary and tertiary hospitals participated
in the JSOG Successive Pregnancy Birth Registry Sys‐
tem. A total of 186,235 women were registered in the
system and the study subjects included 161,610 women
who delivered singleton term live births between January
1, 2013 and December 31, 2013. This study has been
approved by the ethics committee of the Yokohama City
University Medical Center (B160700011).

Outcomes of interest
Pre-pregnancy BMI was calculated from the self-

reported pre-pregnancy weight and height. We classified
women with a BMI of 25.0–29.9 kg/m2 as overweight,
and those with a BMI of ≥30.0 kg/m2 as obese. The
following were exclusion criteria for our study: con‐
comitant hypertension, diabetes mellitus (DM), gesta‐
tional diabetes (GDM) or other underlying disease (n =
53,794), congenital anomalies (n = 1,935), and insuf‐
ficient or missing data (n = 41,854) on key variables.

The following were included in the study: gestational
weight changes of –12 to 48 kg, maternal height of 1.15
to 1.97 m, pre-pregnancy weight of 29.7 to 138 kg, neo‐
natal weight at birth of 500 g to 6,000 g, and a maternal
age at delivery of 11 to 59 years. The final analysis con‐
sisted of 4,941 women in the overweight group and
1,840 in the obese group (Fig. 1). GWG was calculated
by subtracting the maternal pre-pregnancy weight from
the weight at delivery; weight gain was divided to four
categories based on the IOM recommended weight gain:

weight loss (<0 kg), small weight gain (overweight, 0 ≤
GWG < 7 kg; obese, 0 ≤ GWG < 5 kg), within the IOM
criteria (overweight, 7 ≤ GWG < 11.5 kg; obese, 5 ≤
GWG < 9 kg), and above the IOM criteria (overweight,
GWG ≥ 11.5 kg; obese, GWG ≥ 9 kg).

We considered ten main outcomes of interest, which
are already known to be influenced by GWG [5-16,
20-27]: small for gestational age (SGA), large for gesta‐
tional age (LGA), low birth weight (LBW) (<2,500 g),
macrosomia (≥4,000 g), gestational hypertension, pre-
eclampsia, caesarean delivery, operative virginal deliv‐
ery, umbilical artery pH <7.0, and an Apgar Score at 5
min <7. SGA and LGA neonates were defined as birth
weights below the 10th percentile and above 90th
percentile, respectively, after matching for gestational
age and sex. Gestational hypertension was defined as a
case in which hypertension (systolic blood pressure ≥140
mmHg and/or diastolic blood pressure ≥90 mmHg)
developed after 20 weeks of gestation. Pre-eclampsia
was defined as a case in which hypertension (systolic
blood pressure ≥140 mmHg and/or diastolic blood
pressure ≥90 mmHg) and a urinary protein excretion of
≥300 mg/day developed after 20 weeks of gestation.
Caesarean delivery included all primary and repeat
surgical procedures used to deliver the infant; both elec‐
tive and emergency caesarean deliveries were included.
Gestational age was determined based on the last
menstrual period. If gestational age according to the last
menstrual period differed by more than 7 days from that
based on the 11 week ultrasound, the latter was used to
assign a gestational age.

Statistical analysis
Logistic regression analysis was used to estimate odds

ratios (ORs) and 95% confidence intervals (CIs), adjust‐
ing for confounding variables, including parity, maternal
age, smoking, and gestational age. Women with a smok‐
ing habit were defined as those exposed to second-hand
tobacco smoke or active smokers. Generalized estimat‐
ing equations (GEE) for logistic regression were used to
adjust for clustering of deliveries by hospitals. A p value
of <0.05 was considered statistically significant.

Initially, we used the method of analysis introduced in
a study by Beyerlein et al. [11], to calculate the predicted
probability of pregnancy outcomes according to weight
gain in primiparous non-smoking women with an aver‐
age maternal age (overweight, 32.4 years; obese, 32.0
years) and average gestational delivery week (over‐
weight, 38.9 weeks; obese, 38.9 weeks) .
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Next, in order to determine the most favourable GWG
based on neonatal birth weight, we investigated the
maternal weight gain where the sum of the predicted
probability of both SGA and LGA were below 20% in
the overweight and obese groups. The cut off value was
defined as 20% because SGA and LGA are defined as
the lower 10% and upper 10%, respectively, of the
general population. To further assess the potential
maternal and neonatal risks and benefits of weight
change, we sought to determine the optimal GWG based
on the risk of the other adverse pregnancy outcomes
listed above, which showed significant differences in the
ORs among the four categories based on the weight gain
recommended by IOM.

Data were expressed as means ± standard deviation or
frequencies (percentages). SPSS Statistics software ver‐
sion 23 (IBM Corp., Armonk, NY, USA) was used for
the statistical analyses.

Results

Table 1 shows the maternal characteristics and the
prevalence of the adverse pregnancy outcomes between
pre-pregnancy overweight and obese women. The mater‐
nal age was 32.4 ± 5.5 and 32.0 ± 5.3 in the overweight
and obese groups, respectively, and the gestational age at
delivery was 38.9 ± 1.3 and 38.9 ± 1.3 in the overweight
and obese groups, respectively. These results were not
different between the two groups. Although the preva‐
lence of SGA and LBW was not different between the
two groups, LGA (18.3% vs. 23.6%), macrosomia (2.1%
vs. 3.6%), caesarean delivery (33.0% vs. 37.9%), gesta‐
tional hypertension (8.2% vs. 12.7%), and preeclampsia
rates (2.8% vs. 4.1%) were higher in obese women.
Results from the overweight group (N = 4,941) showed
182 women underwent weight loss (loss subgroup,
3.7%), 1,780 had a small weight gain (small gain sub‐

Fig. 1  Flow diagram showing total number of participants enrolled and the final number of participants according to pre-pregnancy BMI
categories.
aBMI, Body Mass Index
* missing and implausible data: Women with missing or apparently incorrect data were excluded.
The breakdown of excluded women is summarized as follow (including duplicates):
• Pre-pregnancy BMI: (no data and outside data) n = 15,308
• Gestational weight change: (no data and outside of a range of –12–48 kg) n = 8,006
• Neonatal weight at birth: (no data and outside of a range of 500–6,000 g) n = 101
• Maternal age at delivery: (no data and outside of a range of 11–59 years) n = 689
• Apgar score at 5 minutes: (no data and implausible data) n = 915
• Umbilical artery pH: (no data and implausible data) n = 21,359
• Smoking: (no data) n = 23,359
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group, 36%), 1,877 had weight gain within the IOM’s
criteria (within subgroup, 38%), and 1,102 had weight
gain above the IOM’s criteria (above subgroup, 22.3%).
On the other hand, in the obese subgroup (N = 1,840)
there were 250 women in the loss subgroup (13.6%), 557
in the small gain group (31.4%), 560 in the within sub‐
group (30.4%), and 453 women in the above subgroup
women (24.6%). Overall, more women experienced
weight loss in the obese group (Table 1).

Maternal and neonatal outcomes according to
weight change

Tables 2 and 3 show the maternal and neonatal out‐
comes according to the weight change category. In the
overweight group, GWG was clearly associated with
neonatal birth weight. As women gained more weight,
the prevalence of LGA births and macrosomia signifi‐
cantly increased (LGA: loss subgroup, OR 0.52, 95% Cl
[0.32–0.84]; small gain subgroup, OR 0.71, 95% Cl
[0.59–0.85]; above subgroup, OR 1.63, 95% Cl [1.39–
1.92]) (macrosomia: above subgroup, OR 2.50, 95% Cl
[1.58–3.95]). In the loss and small gain subgroups, the

Table 1 Prevalence of maternal and neonatal outcome according to characteristics between
overweight and obese

Body mass index (kg/m2)

25.0–29.9
n = 4,941

30 or higher
n = 1,840

Maternal age (y) 32.4 ± 5.5 32.0 ± 5.3

Premiparous rate (%) 2,056 (58.3) 810 (56)

Gestational weeks at delivery 38.9 ± 1.3 38.9 ± 1.3

smoking (%) 912 (18.5) 391 (21.2)
aGWG (%)

weight loss 182 (3.7) 250 (13.6)

weight less 1,780 (36.0) 577 (31.4)

recommended IOM criteria 1,877 (38.0) 560 (30.4)

excessive weight gain 1,102 (22.3) 453 (24.6)

Weight change (kg) 8.15 5.67

Pregnancy outcome (%)
bSGA 269 (5.4) 99 (5.3)
cLGA 904 (18.3) 435 (23.6)
dLBW 274 (5.5) 95 (5.2)

macrosomia 104 (2.1) 67 (3.6)

cesarean delivery 1,633 (33.0) 698 (37.9)

operative vaginal delivery 330 (6.7) 111 (6.0)

gestational hypertension 406 (8.2) 234 (12.7)

preeclampsia 136 (2.8) 76 (4.1)

5 min Apgar <7 22 (0.4) 20 (1.1)

umbilical artery pH <7 14 (0.3) 7 (0.3)
aGWG, gestational weight gain
bSGA, small for gestational age
cLGA, large for gestational age
dLBW, low birth weight
Data are mean ± standard deviation or n (%)
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Table 2 Maternal and neonatal outcomes for overweight women by weight change categories

variable
loss   small   within   above

aGWG < 0 kg
n = 182 (3.7%)

0 kg ≤ GWG < 7 kg
n = 1,780 (36.0%)

7 kg ≤ GWG < 11.5 kg
n = 1,877 (38.0%)

11.5 kg ≤ GWG
n = 1,102 (22.3%)

bSGA n (%) 20 (11.0%) 114 (6.4%) 90 (4.8%) 45 (4.1%)
eOR (95% fCl) 2.45 (1.45–4.15) 1.36 (1.03–1.80) 1 0.85 (0.59–1.22)

*p value 0.001# 0.03* 0.37
cLGA n (%) 19 (10.4%) 244 (13.7%) 345 (18.4%) 296 (26.9%)

OR (95% Cl) 0.52 (0.32–0.84) 0.71 (0.59–0.85) 1 1.63 (1.39–1.92)

p value 0.007# 0# 0#

dLBW n (%) 26 (14.3%) 127 (7.1%) 89 (4.7%) 32 (2.9%)

OR (95% Cl) 3.35 (2.05–5.47) 1.54 (1.16–2.06) 1 0.60 (0.41–0.89)

p value 0# 0.003# 0.01*

macrosomia n (%) 1 (0.6%) 30 (1.7%) 30 (1.6%) 43 (3.9%)

OR (95% Cl) 0.34 (0.05–2.49) 1.06 (0.64–1.75) 1 2.50 (1.58–3.95)

p value 0.29 0.84 0#

gestational hypertension n (%) 10 (5.5%) 124 (7.0%) 153 (8.2%) 119 (10.8%)

OR (95% Cl) 0.66 (0.34–1.25) 0.84 (0.66–1.08) 1 1.36 (1.06–1.76)

p value 0.2 0.18 0.02*

Preeclampsia n (%) 4 (2.2%) 37 (2.1%) 45 (2.4%) 50 (4.5%)

OR (95% Cl) 0.92 (0.32–2.60) 0.86 (0.55–1.35) 1 1.94 (1.31–2.85)

p value 0.87 0.52 0.001#

cesarean delivery n (%) 54 (29.7%) 583 (32.8%) 618 (32.9%) 378 (34.3%)

OR (95% Cl) 0.86 (0.61–1.22) 0.99 (0.86–1.14) 1 1.06 (0.92–1.23)

p value 0.39 0.91 0.41

operative vaginal delivery n (%) 19 (10.4%) 117 (6.6%) 117 (6.2%) 77 (7.0%)

OR (95% Cl) 1.75 (1.05–2.94) 1.06 (0.82–1.38) 1 1.13 (0.84–1.51)

p value 0.03* 0.67 0.41

5 min Apgar <7 n (%) 0 7 (0.4%) 10 (0.5%) 5 (0.5%)

OR (95% Cl) — 0.74 (0.26–2.11) 1 0.85 (0.27–2.66)

p value — 0.57 0.78

umbilical arterial pH <7 n (%) 0 3 (0.2%) 9 (0.5%) 2 (0.2%)

OR (95% Cl) — 0.35 (0.12–1.02) 1 0.38 (0.08–1.76)

p value — 0.55 0.22
aGWG, gestational weight gain
bSGA, small for gestational age
cLGA, large for gestational age
dLBW, low birth weight
eOR, odds ratio
fCl, confidence interval
Logistic regression was used to adjust for confounding variables, including parity, maternal age, smoking, and gestational age, and generalized
estimating equations (GEE) for logistic regression was used to adjust for the clustering of deliveries by hospitals.
A p value of <0.05 was considered statistically significant.
*p < 0.05
#p < 0.01
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Table 3 Maternal and neonatal outcomes for obese women by weight change categories

variable
loss   small   within   above

aGWG < 0 kg
n = 250 (13.6%)

0 kg ≤ GWG < 5 kg
n = 577 (31.4%)

5 kg ≤ GWG < 9 kg
n = 560 (30.4%)

9 kg ≤ GWG
n = 453 (24.6%)

bSGA n (%) 17 (6.8%) 34 (5.9%) 27 (4.8%) 21 (4.6%)
eOR (95% fCl) 1.44 (0.74–2.82) 1.24 (0.68–2.23) 1 0.96 (0.55–1.69)

*p value 0.29 0.48 0.89
cLGA n (%) 33 (13.2%) 112 (19.4%) 142 (25.36%) 148 (32.67%)

OR (95% Cl) 0.45 (0.30–0.67) 0.71 (0.54–0.93) 1 1.43 (1.09–1.88)

p value 0# 0.013* 0.011*
dLBW n (%) 23 (9.2%) 28 (4.9%) 26 (4.6%) 18 (4.0%)

OR (95% Cl) 2.08 (1.14–3.81) 1.05 (0.60–1.82) 1 0.85 (0.48–1.50)

p value 0.02* 0.87 0.58

macrosomia n (%) 2 (0.8%) 15 (2.6%) 19 (3.4%) 31 (6.8%)

OR (95% Cl) 0.23 (0.05–1.01) 0.76 (0.38–1.50) 1 2.09 (1.08–4.07)

p value 0.05 0.43 0.03*

gestational hypertension n (%) 30 (12.8%) 65 (11.3%) 73 (13.0%) 66 (14.6%)

OR (95% Cl) 0.91 (0.59–1.40) 0.847 (0.60–1.19) 1 1.14 (0.79–1.63)

p value 0.67 0.34 0.48

Preeclampsia n (%) 8 (3.2%) 21 (3.6%) 24 (4.3%) 23 (5.1%)

OR (95% Cl) 0.74 (0.35–1.55) 0.84 (0.48–1.50) 1 1.20 (0.66–2.17)

p value 0.42 0.56 0.56

cesarean delivery n (%) 85 (34.0%) 213 (36.9%) 119 (21.3%) 181 (40.0%)

OR (95% Cl) 0.80 (0.60–1.08) 0.91 (0.72–1.16) 1 1.04 (0.81–1.33)

p value 0.14 0.45 0.78

operative vaginal delivery n (%) 17 (6.8%) 35 (6.1%) 33 (5.9%) 26 (5.7%)

OR (95% Cl) 1.17 (0.64–2.12) 1.03 (0.62–1.72) 1 0.97 (0.59–1.60)

p value 0.62 0.91 0.91

5 min Apgar <7 n (%) 6 (2.4%) 5 (0.9%) 7 (1.3%) 2 (0.4%)

OR (95% Cl) 1.94 (0.65–5.81) 0.69 (0.24–1.99) 1 0.35 (0.09–1.42)

p value 0.24 0.49 0.14

umbilical arterial pH <7 n (%) 0 2 (0.4%) 3 (0.5%) 2 (0.4%)

OR (95% Cl) — 0.65 (0.11–3.92) 1 0.82 (0.14–5.00)

p value — 0.64 0.83
aGWG, gestational weight gain
bSGA, small for gestational age
cLGA, large for gestational age
dLBW, low birth weight
eOR, odds ratio
fCl, confidence interval
Logistic regression was used to adjust for confounding variables, including parity, maternal age, smoking, and gestational age, and generalized
estimating equations (GEE) for logistic regression was used to adjust for the clustering of deliveries by hospitals.
A p value of <0.05 was considered statistically significant.
*p < 0.05
#p < 0.01

562 Hirooka-Nakama et al.



prevalence of SGA and LBW births significantly
increased (SGA: loss subgroup, OR 2.45, 95% Cl [1.45–
4.15]; small gain subgroup, OR 1.36, 95% Cl [1.03–
1.80]; above subgroup, OR 0.85, 95% Cl [0.59–1.22])
(LBW: loss subgroup, OR 3.35, 95% Cl [2.05–5.47];
small gain subgroup, OR 1.54, 95% Cl [1.16–2.06];
above subgroup, OR 0.60, 95% Cl [0.41–0.89]).
Although the prevalence of caesarean delivery, operative
vaginal delivery, umbilical artery pH <7.0, and Apgar
Score at 5 min of <7 were not clearly associated with
GWG, the prevalence of gestational hypertension (OR
1.36, 95% Cl [1.06–1.76]) and pre-eclampsia (OR 1.94,
95% Cl [1.31–2.85]) were significantly higher in the
above subgroup. On the other hand, an association
between GWG and neonatal birth weight in the obese
group was less apparent than that in the overweight
group. As women gained more weight, the prevalence of
LGA births increased (LGA: loss subgroup, OR 0.45,
95% Cl [0.30–0.67]; small gain subgroup, OR 0.71, 95%
Cl [0.54–0.93]; above subgroup, OR 1.43, 95% Cl [1.09–
1.88]), whereas the prevalence of SGA births tended to
decrease, although this was not significant. Despite a
lack of statistically significant differences, the loss sub‐
group showed the lowest prevalence of pre-eclampsia
and caesarean delivery.

Predicted probabilities of primary outcomes
Fig. 2 shows the predicted probabilities of all primary

outcomes. In the overweight group, the predicted proba‐
bilities of SGA and LBW births increased as weight gain

decreased. Meanwhile, as weight gain increased, the
predicted probabilities of LGA births, macrosomia,
caesarean delivery, gestational hypertension, and pre-
eclampsia tended to increase. The predicted probabilities
of operative vaginal delivery, umbilical artery pH <7.0,
and an Apgar Score at 5 min of <7 were not associated
with weight gain. Although similar trends were observed
in the obese group, the tendency of the predicted proba‐
bilities of SGA and LBW births was less pronounced.
The predicted probability of LBW births was always
<10%.

Fig. 3 shows the predicted risk of SGA and LGA
births by GWG as calculated by logistic regression
models. The sum of the predicted probability of 20% was
observed for GWG values between –12 and 5 kg in over‐
weight women and less than –7 kg in obese women.
Each value was much lower than the IOM-recommended
weight gain.

Fig. 4 shows the predicted probabilities of the adverse
outcomes, which indicated significant differences when
compared to the IOM-recommended weight gain (over‐
weight group: SGA, LBW, LGA, macrosomia, gesta‐
tional hypertension, pre-eclampsia, and operative vaginal
delivery; obese group: LBW, LGA, and macrosomia),
and those of composite events. In the overweight group,
as weight gain increased from the lowest point of ±0 kg,
the risk increased. In particular, the risk sharply
increased with a weight gain of approximately 11.5 kg.
On the other hand, the obese group showed an increase
in the risk along with weight gain; however, no increase

Fig. 2  Predicted probabilities of all the 10 main maternal and neonatal outcomes by GWG as calculated by logistic regression models
(overweight n = 4,941, obese n = 1,840).
SGA, small for gestational age; LBW, low birth weight; LGA, large for gestational age; UAPH, umbilical arterial pH; GWG,
gestational weight gain
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in the risk due to weight loss was observed.
In the overweight group, the prevalence of SGA births

increased in women with a weight gain within or below
the IOM-recommended weight gain; this trend was par‐
ticularly pronounced in those with weight loss. When the
sum of predicted probabilities of SGA and LGA births
was ≤20%, the optimal weight gain was between –12 and
5 kg. Regarding the predicted probabilities of the sum
of SGA, LBW, LGA, macrosomia, gestational hyper‐
tension, preeclampsia, and operative vaginal delivery,
which showed significant differences compared to the
IOM-recommended weight gain, the lowest risk was
observed in women with a weight gain of 0 kg, whereas
the risk sharply increased in those with weight gain of
approximately 11.5 kg. Based on these findings, the
optimal weight gain for Japanese overweight pregnant

women was determined to range from 0 to 11.5 kg.
On the other hand, in the obese group, weight loss did

not increase the prevalence of SGA births. When the sum
of predicted probabilities of SGA and LGA births was
≤20%, the optimal weight gain was –7 kg. Higher weight
gain was associated with higher predicted probabilities
of the sum of LBW, LGA, and macrosomia, which
showed significant differences compared to the IOM-
recommended weight gain; therefore, weight loss was
determined to be optimal for Japanese obese pregnant
women.

Discussion

The results of the present study indicate that in either
overweight or obese Japanese pregnant women, the

Fig. 3  Predicted probabilities of SGA and LGA births by GWG as calculated by logistic regression models (overweight n = 4,941, obese
n = 1,840). The horizontal lines represent the limit of 20%.
SGA, small for gestational age; LGA, large for gestational age; GWG, gestational weight gain

Fig. 4  Predicted probabilities of SGA, LBW, LGA, macrosomia, gestational hypertension, preeclampsia, and operative vaginal delivery
for overweight, LGA, LBW, and macrosomia for obese by GWG as calculated by logistic regression models (overweight n =
4,941, obese n = 1,840). There were statistically significant differences in the predicted probabilities of the outcomes.
SGA, small for gestational age; LBW, low birth weight; LGA, large for gestational age; GWG, gestational weight gain
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optimal weight gain that minimizes the risk of adverse
maternal and neonatal outcomes has a much wider range
than the IOM-recommended weight gain, and that a
small weight gain is sufficient. In addition, we deter‐
mined that the risk would be minimized with a weight
gain of 0 to 11.5 kg in the overweight group and weight
loss in the obese group.

In the overweight group, a weight gain of 0 to 11.5 kg
was determined to minimize the risk without increasing
poor maternal and neonatal outcomes. There are several
preceding studies on weight gain in overweight pregnant
women. Oken et al. [3] prospectively assessed the short-
term and long-term outcomes of preterm birth, SGA
birth, LGA birth, weight retention, and child obesity in
pregnant women in Massachusetts, United States. They
reported that the lowest prevalence of poor maternal and
neonatal outcomes was observed in women with a
weight loss of 0.03 kg/week; therefore, the preferable
weight gain is lower than what is currently recommended
by the IOM. In a retrospective study on pregnant women
in Bavaria, Germany, Beyerlein et al. [11] reported that
the range of weight gain that does not increase the risk of
poor maternal and neonatal outcomes is considerably
wide, and that overweight women might benefit from a
lower weight gain than that recommended by the IOM,
or weight loss in order to deliver infants with a normal
birth weight. Although the results of these studies on
pregnant women in Western countries were not directly
applicable to our study on Japanese pregnant women, the
results were consistent with ours.

Meanwhile, in overweight pregnant women, the most
prominent problem associated with a weight gain lower
than that recommended by the IOM is the increased risk
of a SGA birth. Beyerlein et al. [21] reported that weight
loss significantly increased the risk of a SGA birth in
overweight pregnant women. Moreover, Calalano et al.
[13], in a retrospective study on the effects of weight
gain on the growth of infants in pregnant women in the
United States, reported that a weight gain of ≤5 kg in
overweight pregnant women increased the risk of a SGA
birth; this resulted in delivery of infants with a decreased
lean body mass, which is a risk factor for the develop‐
ment of future metabolic dysfunction due to ectopic fat
accumulation.

In our study, the risk of SGA birth also significantly
increased in the loss and small gain subgroups of the
overweight group. However, because the prevalence of
SGA birth is generally lower in overweight pregnant
women than in those with a normal pre-pregnancy

weight [20], the prevalence was still only 6.4%, even in
the small gain subgroup of the present study. Given that
the lowest predicted probability of composite adverse
outcomes, which showed significant differences com‐
pared to the IOM-recommended weight gain was ob‐
served in women with a weight gain of 0 kg, the optimal
weight gain for Japanese overweight pregnant women
ranges from 0 to 11.5 kg, which encompasses the IOM-
recommended weight gain. The present study indicates
that this range is much wider than that of the IOM-
recommended weight gain, and that a small weight gain
can be sufficient.

In the obese group, weight loss minimized the risk
without increasing poor maternal and neonatal outcomes.
The loss subgroup showed no increase in the prevalence
of SGA births, as well as the other poor maternal and
neonatal outcomes. Since the IOM issued the recommen‐
dation for optimal GWG based on maternal and neonatal
outcomes, several preceding studies have shown that
weight loss could be recommended for obese pregnant
women [3, 5, 8-11, 22, 23]. As with overweight pregnant
women, the increased prevalence of SGA birth is also the
problem associated with weight loss during pregnancy in
obese pregnant women. No consensus has been reached
on whether weight loss during pregnancy increases the
risk of SGA birth in obese pregnant women. Bianco et
al. [5] reported that the prevalence of SGA birth was
only 4% in pregnant women with a BMI of >35 kg/m2

who lost weight or kept it unchanged during pregnancy.
Kiel et al. [8], who classified obese pregnant women into
three groups (Class I: BMI 30–35 kg/m2, Class II: BMI
35–40 kg/m2, and Class III: BMI ≥40 kg/m2), reported
that the risk of a SGA birth was lower in Class II/III
obese women with weight gain of <15 lb. Bogaerts et al.
[10], who investigated the recommendable weight gain
for obese pregnant women on the basis of optimal neona‐
tal birth weight in accordance to obesity classes in
Belgium, reported that maternal and neonatal outcomes
were favourable without increased risk of SGA births in
Class I women with a weight gain of 0 to 5 kg, Class II
women with a weight loss of 0 to 5 kg, and Class III
women with a weight loss of up to 15 kg. Meanwhile in
a similar study, Beyerlein et al. [21] reported that the risk
of SGA births significantly increased in Class I/II preg‐
nant women with a weight loss of 0 to 5 kg, whereas
weight loss during pregnancy was not associated with
poor maternal or neonatal outcomes in Class III women.
Although the obese group was not subdivided by the
obesity classification in our study, the lowest predicted
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probability of poor maternal and neonatal outcomes
without increased risk of SGA birth was observed in the
loss subgroup of the obese group. This suggests that
weight loss is optimal for obese pregnant Japanese
women.

The present study has several limitations. First, we
used the database of the JSOG birth registry containing
data from tertiary hospitals; this database had missing
data from many pregnant women. Moreover, because
this registry collects data from higher-level hospitals, it
may have introduced selective bias in the patient back‐
ground characteristics. Second, the risk of preterm birth
was not evaluated. Preceding studies have demonstrated
that inadequate weight gain increases the risk of preterm
birth [24, 25]. Bodnar et al. [24] reported that a high
weight gain increased the risk of medically indicated
preterm births, while a low weight gain increased the risk
of spontaneous preterm births in women with Class I and
II obesity. Although we have revealed the association of
preterm birth with Japanese and underweight women in
our previous study [26], the association between weight
loss and preterm birth in obese women remains
unknown; prospective studies are necessary for elucidat‐
ing this issue in the future. Third, we were unable to
investigate the optimal weight gain for obese pregnant
women according to the obesity classification because of
the low prevalence of obesity in Japanese pregnant
women. Subclassification of obese pregnant women may
allow further investigation of the optimal weight for
obese pregnant women. Fourth, the ten main outcomes of
interest are all dealt as health problems of equal impor‐
tance. However, although it is difficult to say whether a
certain outcome is important than another, each outcome
has a different impact on the health of mother and child.
Thus such “weighing” of each outcome might be needed
to make a definite conclusion. Finally, we did not exam‐
ine the long-term outcomes of either the pregnant women
or infants in this study. Nan et al. [27] reported that

excessive weight gain in overweight and obese pregnant
women is strongly associated with increases in the
weight and height of offspring in early infancy. More‐
over, because GWG is directly associated with the risk of
substantial postpartum weight retention and childhood
obesity [3, 23, 25], there is a concern that pregnant
women and their infants may develop lifestyle-related
diseases in the future. To further investigate these prob‐
lems, large-scale prospective studies on Japanese obese
pregnant women are needed.

Conclusion

The optimal weight gain that minimized the risk of
adverse birth weight outcomes in obese pregnant Japa‐
nese women had a much wider range than the IOM-
recommended weight gain for both overweight and
obese women, and that a small weight gain was suffi‐
cient. The optimal weight changes were a weight gain of
0 to 11.5 kg in overweight pregnant women and weight
loss in obese pregnant women.
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