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ABSTRACT
Aims/Introduction: In Japan, the increasing frequency of underweight among women
of reproductive age and the accompanying increase in the rate of low birth weight (LBW)
are social issues. The study aimed to establish a prospective registry system for gestational
diabetes mellitus (GDM) in Japan and to clarify the actual status of GDM according to the
International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria.
Materials and Methods: Pregnant women with gestational diabetes mellitus and
those in the normal glucose tolerance (NGT) group were enrolled in the Diabetes and
Pregnancy Outcome for Mother and Baby study from October 2015. Pregnant women
with positive glucose screening in early and mid-to-late pregnancy underwent a 75 g oral
glucose tolerance test by gestational week 32. Gestational diabetes mellitus was
diagnosed according to IADPSG criteria. Women with a positive glucose screening test at
mid-to-late pregnancy but NGT were enrolled as references (NGT group). Treatment for
gestational diabetes mellitus and maternal and neonatal pregnancy data were
prospectively collected on outcomes.
Results: In total 1,795 singleton pregnancies (878 women with GDM and 824 NGT
women) were analyzed. The risk of LBW and small-for-gestational age in the GDM group
was significantly higher than in the NGT group. A similar relationship was found for LBW
risk in the non-overweight/obese group but not in the overweight/obese group.
Conclusions: We established a prospective GDM registry system in Japan. In the
management of GDM in Japan, suppression of maternal weight gain may be associated
with reduced fetal growth, especially in non-overweight/obese women with GDM;
however, further investigation is required.

INTRODUCTION
Consistent with the increase in obesity, the prevalence of gesta-
tional diabetes mellitus is increasing globally1, augmenting the
transfer of non-communicable diseases to the next genera-
tion2,3. Pregnant women who are obese and have gestational

diabetes mellitus are at high risk of having large-for-gestational
age (LGA) babies4. In the Hyperglycemia and Adverse Preg-
nancy Outcome (HAPO) study, maternal obesity and maternal
hyperglycemia additionally increased the birth weight of the
infants, as most of the pregnant women were overweight or
obese5. In addition, offspring of mothers with gestational dia-
betes mellitus were associated with increased adolescent adipos-
ity6 and impaired glucose tolerance7 compared with those of
non-gestational diabetes mellitus mothers. The risk is further
enhanced, especially in LGA babies8.

†The details of DREAMBee Study Gestational Diabetes Mellitus Group is available in
Appendix S1.
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In Asia, diabetes and gestational diabetes are more fre-
quent9,10 despite a lower degree of obesity compared with non-
Asians, which is thought to be due to a low insulin secretory
capacity11. The rapid increase in diabetes and gestational dia-
betes in Asia in recent years is worrisome, and the increase in
adiposity due to improved nutritional status resulting from eco-
nomic growth is thought to be one of the major factors12. On
the other hand, the situation in Japan is unique. In Japan, the
proportion of underweight women of reproductive age has
increased since 1995, and the average birth weight in Japan has
declined in synchrony with the increase in the proportion of
underweight women. Moreover, the proportion of low birth
weight (LBW) babies has remained at approximately 10% since
2000 with no sign of decrease13.
In 2010, Japan adopted the International Association of Dia-

betes and Pregnancy Study Group (IADPSG) diagnostic criteria,
which were developed based on the results of the HAPO study
and approved by the World Health Organization (WHO)14.
Thereafter, the incidence of gestational diabetes mellitus
increased four-fold, from 2.1% to 8.5%15. To clarify the current
status of gestational diabetes mellitus diagnosed by IADPSG
criteria and its pregnancy outcome in Japan, a different context
than in other Asian countries, the Japanese Society of Diabetes
and Pregnancy established a prospective registry system of
pregnant women with gestational diabetes mellitus and started
enrolling such patients in 2015. By simultaneously enrolling
pregnant women with a normal glucose tolerance (NGT
group), we compared pregnancy outcomes between the gesta-
tional diabetes mellitus and NGT groups to evaluate the effect
of the intervention on gestational diabetes mellitus.

MATERIALS AND METHODS
Study design and participants
A prospective cohort study was conducted in centers that
belonged to the Japan Diabetes and Pregnancy Society and had
delivery information registered in the Japan Society of Obstet-
rics and Gynecology (JSOG) Successive Pregnancy Birth Regis-
try System. In this system, approximately 280 secondary and
tertiary hospitals registered information on successful deliveries
of ≥22 weeks gestational age, approximately 25% of all deliver-
ies in Japan.
Pregnant women with positive glucose screening tests during

early and mid-to-late pregnancy underwent a 75 g oral glucose
tolerance test (OGTT) by gestational week 32 and were diag-
nosed with gestational diabetes mellitus according to IADPSG
criteria. Pregnant women at high risk of developing gestational
diabetes were sometimes omitted from screening and adminis-
tered this test. Those who underwent a 75 g OGTT by mid-to-
late pregnancy and had a NGT were enrolled as a control
group for the gestational diabetes group. Both the gestational
diabetes mellitus and the NGT groups completed a question-
naire in Japanese at the time of enrollment. All gestational dia-
betes mellitus cases were enrolled at the participating facilities
successively; the decision to enroll in the NGT group was made

by each facility, and all NGT cases in a facility were enrolled
successively. This study was conducted after obtaining approval
from the ethics committee of the National Center for Child
Health and Development and at each facility (approval date of
registry and the registration number of the study/trial: August
1, 2015 and UMIN0000023420). Written informed consent was
obtained from all participants. The analysis in this study was
limited to singleton pregnant women in the Diabetes and Preg-
nancy Outcome for Mother and Baby (DREAMBee) study.

Screening and diagnosis of gestational diabetes mellitus
Gestational diabetes mellitus screening in Japan is conducted
according to the JSOG guidelines (Obstetrics and Gynecology
Guidelines 2017), diagnosed in a two-step method in many
institutions, not based on universal screening.

1. In early pregnancy stages, a random plasma glucose level
was measured, with cutoff values of 95 or 100 mg/dL.

2. In the mid-pregnancy stages, a 50 g glucose challenge test
(GCT) or random glucose screening was performed (consid-
ered positive at ≥140 or ≥100 mg/dL, respectively).

All pregnant women with positive glucose screening under-
went a 75 g OGTT. Mid-pregnancy screening was performed if
early-stage screening was either negative or showed normal
OGTT results as a general rule. A mid-to-late gestational dia-
betes mellitus diagnosis was defined when a 75 g OGTT was
performed between 24 and 32 weeks of gestation.
Early and mid-to-late gestational diabetes mellitus diagnoses

were defined when a 75 g OGTT was performed at either <20
or between 24 and 32 weeks of gestation, respectively, for the
subgroup analysis.

Management after diagnosis with gestational diabetes
mellitus
After the gestational diabetes mellitus diagnosis, diet and/or
weight advice was given according to the JSOG Obstetrics Prac-
tice Guidelines15. Target glucose fasting, pre-meal, and 2 h
postprandial values (mg/dL [mmol/L]) were ≤95 (5.3), ≤100
(5.6), or ≤120 (6.7), respectively. Insulin was introduced when
the target blood glucose level was difficult to achieve even after
diet and exercise therapy.

Predictor and outcome variables
The glucose screening and 75 g OGTT results and maternal
and neonatal outcomes were recorded prospectively. For preg-
nancy outcomes, JSOG Successive Pregnancy Birth Registry
System data were collected from each facility. Maternal and
neonatal outcomes were birth weight >90th percentile for LGA,
birth weight <10th percentile for small-for-gestational age
(SGA), birth weight >4,000 g (macrosomia), birth weight
<2,500 g (LBW), emergency cesarean delivery, preeclampsia,
preterm birth (delivery before 37 weeks of gestation), shoulder
dystocia, neonatal intensive care unit (NICU) admission, peri-
natal mortality, clinically diagnosed neonatal hypoglycemia.
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Upon transfer to a different hospital, the pregnancy outcome
was obtained from the registered physician based on the deliv-
ery report submitted to the registered facility. For cases trans-
ferred at delivery, data were collected at transfer. For gestational
diabetes mellitus, insulin administration during pregnancy, state
of glycemic control during pregnancy, and the result of 75 g
OGTT 3 months after delivery were also collected. Details of
the whole collected data in the DREAMBee study are shown in
Appendix S2.

Statistical analysis
Data are presented as n (%) and mean – standard deviation
for categorical and continuous variables, respectively. A chi-
square (v2) test was performed for binary variables and a t-test
for continuous variables. Multivariate logistic regression was
performed using dichotomous outcomes and reported as odds
ratios (ORs) and 95% confidence intervals (CIs) for each preg-
nancy outcome. Covariate adjustments included maternal age,
parity, maternal pre-pregnancy body mass index (BMI), educa-
tional background, and income. For preterm birth, SGA, LGA,
macrosomia, LBW, and maternal weight gain during pregnancy
were considered covariates. Although Asian people with a high
risk of type 2 diabetes and cardiovascular disease have BMIs
lower than the current WHO cutoff point for overweight
(≥25 kg/m2), a BMI of ≥25 kg/m2 was defined as overweight/
obesity in the present study.
All statistical analyses were performed using Stata (StataCorp,

College Station, TX, USA).

RESULTS
Of the 21 participating centers from October 2015 to March
2019, 16 registered both gestational diabetes mellitus and NGT,
and five registered only gestational diabetes mellitus. Of 2,115
enrolled pregnant women in the DREAMBee study, 121 were
excluded, including one patient who withdrew consent, six who
had a missing questionnaire at registration, one who had miss-
ing OGTT data at gestational diabetes mellitus diagnosis, and
113 who were diagnosed with NGT via OGTT in early preg-
nancy. Additionally, 120 patients who were diagnosed after
33 weeks of gestation were excluded. Finally, the 1,874 partici-
pants in the DREAMBee study (957 gestational diabetes melli-
tus and 917 NGT) included 104 multiple (45 gestational
diabetes mellitus and 59 NGT) and 1,770 singleton (912 gesta-
tional diabetes mellitus and NGT 858) pregnancies.
All 104 multiple (45 gestational diabetes mellitus and 59

NGT) pregnancies were followed up until the pregnancy out-
come. In 1,770 singleton pregnancies, one patient had a miscar-
riage, and 66 had an unknown pregnancy outcome because of
delivery at a transferred facility. Overall, 1,703 (878 gestational
diabetes mellitus and 825 NGT) women were followed up until
the pregnancy outcome (Figure 1). As the first report from the
DREAMBee study, data of pregnancy outcomes of 878 gesta-
tional diabetes mellitus singleton pregnancies were analyzed,
comparing them with those of 825 NGT singleton pregnancies.

Characteristics and pregnancy outcome of gestational
diabetes mellitus and NGT
Table 1 shows the characteristics of those with singleton pregnan-
cies. Compared with the NGT group, the gestational diabetes mel-
litus group had a higher maternal age (36.0 – 4.6 vs
35.5 – 5.2 years [P = 0.04]), pre-pregnancy BMI (22.7 – 4.6 kg/
m2 vs 21.4 – 3.5 kg/m2 [P < 0.001]), were more likely to have a
family history of diabetes (P < 0.001), medical history of gesta-
tional diabetes mellitus (10.5% vs 2.9% [P < 0.001]), lower rate of
primipara (39.6% vs 45.0% [P = 0.02]), and earlier OGTT date at
diagnosis (23.3 – 6.5 weeks vs 27.0 – 2.2 weeks [P < 0.001]).
Table 2 shows the pregnancy outcome of those with singleton

pregnancies. Compared with the NGT group, the gestational dia-
betes mellitus group gained less weight during pregnancy
(7.4 – 5.0 kg vs 9.6 – 4.7 kg [P < 0.001]), had earlier deliveries
(38.4 – 1.8 vs 38.7 – 1.6 gestational weeks [P < 0.001]), higher
proportion of preterm birth (8.8% vs 5.7% [P = 0.02]), lower
infant height (48.9 – 2.8 cm vs 49.3 – 2.4 cm [P = <0.001]), and
lower infant birth weight (2992.7 – 480.0 g vs 3039.7 – 442.8 g
[P = 0.03]). The gestational diabetes mellitus group had a higher
proportion of LBW infants (12.2% vs 8.4% [P = 0.01]), NICU
admission (17.9% vs 12.8% [P = 0.04]), and neonatal hypo-
glycemia (1.3% vs 0.24% [P = 0.02]). LGA proportions were
nearly equal for both the gestational diabetes mellitus (16.0%)
and NGT (15.9%) groups. There were no significant between-
group differences for other pregnancy outcomes. However,
regarding neonatal hypoglycemia, blood glucose levels were not
measured in all infants in the NGT group.
Table 3 shows the results of multiple logistic regression anal-

ysis for preterm birth, SGA, LBW, and NICU admission for
women with gestational diabetes mellitus, using the data of
NGT as a reference category. The ORs (95% CIs), after adjust-
ing for maternal age, parity, maternal pre-pregnancy BMI, aca-
demic background, and income, were significantly higher in
SGA (OR 1.5; 95% CI 1.01–2.3; P = 0.04) and LBW (OR 1.5;
95% CI 1.1–2.1; P = 0.02) in the gestational diabetes mellitus
using the data of the NGT group as a reference. However, the
association disappeared after adjusting for maternal weight gain
during pregnancy (SGA [OR 1.3, 95% CI 0.82–1.9, P = 0.29];
LBW [OR 1.1, 95% CI 0.78–1.6, P = 0.55]). In non-obese
women (pre-pregnancy BMI <25 kg/m2), the adjusted OR for
LBW of 1.5 (95% CI 1.1–2.2, P = 0.02) became non-significant
after adjusting for maternal weight gain during pregnancy (ad-
justed OR 1.2; 95% CI 0.79–1.7, P = 0.43), while the adjusted
ORs for preterm birth, SGA, and LBW were not significant in
obese women (pre-pregnancy BMI ≥25 kg/m2) (Table 4).

Characteristics and pregnancy outcomes of mid-to-late
pregnancy diagnosed with gestational diabetes mellitus and
NGT
To exclude the impact of early intervention for gestational dia-
betes mellitus on gestational weight gain, we compared the
characteristics and pregnancy outcomes of mid-to-late preg-
nancy diagnosed with gestational diabetes mellitus and NGT.
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Table S1 shows the characteristics of the participants with
singleton pregnancies. Compared with the NGT group, the
mid-to-late pregnancy diagnosed gestational diabetes mellitus
group had a higher maternal age (36.0 – 4.7 vs 35.5 – 5.2
years, P = 0.006), pre-pregnancy BMI (22.1 – 3.9 kg/m2 vs
21.4 – 3.5 kg/m2, P < 0.001), were more likely to have a family
history of diabetes (P = 0.02), and medical history of gestational
diabetes mellitus (7.9% vs 2.9%, P < 0.001). However, com-
pared with the NGT group, the primipara rate was significantly
lower in the gestational diabetes mellitus group (36.8% vs
45.0%, P = 0.002), and the OGTT date at diagnosis was earlier
(27.5 – 1.9 weeks vs 27.0 – 2.2 weeks P < 0.001).
Table S2 shows the pregnancy outcome of mid-to-late single-

ton pregnancies diagnosed with gestational diabetes mellitus
and NGT. Compared with the NGT group, the gestational dia-
betes mellitus group gained less weight during pregnancy
(7.6 – 4.6 kg vs 9.6 – 4.7 kg, P < 0.001), had earlier deliveries
(38.5 – 1.7 vs 38.7 – 1.6, P = 0.04), and had higher propor-
tions of LBW (12.5% vs 8.4%, P = 0.02) than the NGT group.
Table S3 shows the results of multiple logistic regression

analysis for preterm birth, SGA, LBW, and NICU admission of
mid-to-late pregnancy diagnosed gestational diabetes mellitus
women, using the data of NGT as a reference category. After

adjusting for age at delivery, parity, maternal pre-pregnancy
BMI, academic background, and income, the ORs (95% CIs)
were significantly higher in LBW (OR 1.2; 95% CI 1.03–1.3,
P = 0.02) in the mid-to-late pregnancy diagnosed gestational
diabetes mellitus using the data of the NGT group as a refer-
ence. However, the association disappeared after adjusting for
maternal weight gain during pregnancy (adjusted OR 1.1, 95%
CI = 0.94–1.2, P = 0.35).
In non-obese women (pre-pregnancy BMI <25 kg/m2), the

adjusted OR for LBW of 1.2 (95% CI 1.0–1.3, P = 0.02) became
non-significant after adjusting for maternal weight gain during
pregnancy (adjusted OR = 1.1; 95% CI 0.23–1.3, P = 0.23),
while the adjusted ORs for preterm birth, SGA, and LBW were
not significant in obese women (pre-pregnancy BMI ≥25 kg/
m2).

DISCUSSION
A prospective registry of pregnant women with gestational dia-
betes mellitus diagnosed by IADPSG criteria was established in
Japan (DREAMBee study – gestational diabetes mellitus), where
the number of LBW infants increased consistently with the
increase in the number of underweight women of reproductive
age. The results suggest that the risk of LBW and SGA is

From October 2015 to March 2019, a total of 2115 pregnant women were enrolled at 21 centers

1703 singleton pregnancies (878 gestational diabetes mellitus ,825 NGT)

104 multiple pregnancies (45 gestational diabetes mellitus, 59 NGT);

Twin 102 (44 gestational diabetes mellitus, 58 NGT)

Triplet 2 (1 gestational diabetes mellitus, 1 NGT)

1874 pregnant women as participants of the DREAMBee study (957 gestational diabetes mellitus, 917 NGT)

unknown pregnancy outcome 66
(33 gestational diabetes mellitus, 33 NGT)

120 diagnosed after 33 weeks of gestation 125 (28 gestational diabetes mellitus, 92 NGT)

Miscarriage: 1 

1770 singleton pregnancies (912 gestational diabetes mellitus, 858 NGT)

one withdrawal of consent, six without questionnaire at registration, one had missing OGTT data at the time of
gestational diabetes mellitus diagnosis 

113 were diagnosed with NGT by OGTT performed early pregnancy

Figure 1 | Flow diagram of DREAMBee study participants.
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higher in the gestational diabetes mellitus group than in the
NGT group and that the increased risk may be related to the
suppression of maternal weight gain in the management of ges-
tational diabetes mellitus. This fetal growth suppression in the
gestational diabetes mellitus group was also found in mid-to-
late pregnancy. No fetal growth suppression was found in the
overweight/obese group, but in the non-overweight/obese
group, fetal growth suppression was found to be related to the
suppression of maternal weight gain. Generally, the increase in
LGA is a problem in gestational diabetes mellitus; however, in
Japan, fetal growth suppression in non-overweight/obese gesta-
tional diabetic women should also be taken into consideration
in the management of gestational diabetes mellitus.
A retrospective multicenter study of 893 patients with gesta-

tional diabetes mellitus in singleton pregnancies at 30 centers
was conducted in Japan from 2005 to 201016; however, the ges-
tational diabetes mellitus diagnosis was not recent, and no

control group was enrolled. The Japan Environment and Chil-
dren’s Study (JECS) is a large prospective national cohort study
of births in Japan that included approximately 100,000 preg-
nant women between January 2011 and March 2014, tracking
the health status of mothers and their children until age 1317.
Although JECS was conducted after adopting the IADPSG cri-
teria, the proportion of gestational diabetes mellitus was only
2.7%18, suggesting that gestational diabetes mellitus was not
properly screened and diagnosed. In addition, data on the
results of the 75 g OGTT for the diagnosis of gestational dia-
betes mellitus, treatment status for gestational diabetes mellitus,
or postpartum 75 g OGTT results have not been collected.
Therefore, it was not a useful database to examine gestational
diabetes mellitus.
In the present study, the risk of LBW and SGA infants in

the gestational diabetes mellitus group was significantly higher
than that in the NGT group. However, these risks disappeared

Table 1 | The characteristics of the study participants in gestational diabetes mellitus and NGT groups with singleton pregnancies

Characteristic Gestational diabetes
mellitus (n = 878)

NGT (n = 825) P value

Maternal age, years 36.0 – 4.6 35.5 – 5.2 0.04
Primipara, n (%) 348 (39.6) 372 (45.1) 0.02
Family history of diabetes, n (%) 276 (31.5) 200 (24.2) <0.001
Pre pregnancy BMI, kg/m2 22.7 – 4.6 21.4 – 3.5 <0.001
Pre pregnancy obesity/overweight, n (%) 205 (23.5) 103 (12.5) <0.001
Smoking, n (%)

None 746 (87.0) 733 (89.0) 0.47
Stop after pregnancy 103 (11.7) 82 (10.0)
Yes 11 (1.3) 9 (1.1)

Academic, n (%)
High school graduate 155 (17.8) 130 (16.0) 0.08
Graduated from a vocational school/junior college 309 (35.5) 259 (31.8)
University graduate or above 406 (46.7) 426 (52.3)

Household income, yen/year, n (%)
Less than 3 million 47 (5.8) 61 (8.0) 0.07
3–5 million 188 (23.2) 161 (21.1)
5–7 million 190 (23.2) 148 (19.3)
7–9 million 137 (16.9) 131 (17.2)
More than 9 million 250 (30.8) 264 (34.5)

Folic acid intake, n (%) 518 (60.2) 481 (58.8) 0.54
Past history

Polycystic ovarian syndrome, n (%) 98 (11.2) 74 (9.0) 0.14
Hypertension, n (%) 63 (7.4) 42 (5.1) 0.06
Thyroid disease, n (%) 108 (12.6) 105 (12.8) 0.94
Other disease, n (%) 173 (19.7) 179 (20.6) 0.63
Gestational diabetes mellitus, n (%) 92 (10.5) 24 (2.9) <0.001

75 g glucose tolerance test at the time of gestational diabetes milieus diagnosis
Date, weeks 23.3 – 6.5 27.0 – 2.2 <0.001
Fasting plasma glucose, mg/dL 85.7 – 9.8 80.4 – 5.4 <0.001
1 h plasma glucose, mg/dL 177.7 – 28.6 134.0 – 23.6 <0.001
2 h plasma glucose, mg/dL 156.0 – 27.0 117.1 – 18.5 <0.001
HbA1c, mg/dL 5.4 – 0.31 (n = 475) 5.2 – 0.27 (n = 620) <0.001

Data are mean (SD), or n (%). Obesity/overweight BMI ≧25. BMI, body mass index; NGT, normal glucose tolerance.
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after adjusting for maternal weight gain during pregnancy, sug-
gesting that suppression of weight gain during pregnancy may
be associated with reduced fetal growth in gestational diabetes
mellitus. This association was also observed in the mid-to-late

diagnosis of gestational diabetes mellitus group, indicating that
weight gain suppression may not have resulted from interven-
tions during the entire gestational period, starting in early preg-
nancy. However, this association was not observed in the

Table 2 | The pregnancy outcomes of the study participants in gestational diabetes mellitus and NGT groups with singleton pregnancies

Gestational diabetes
mellitus (n = 878)

NGT (n = 825) P value

Insulin use, n (%) 213 (24.3) 1 (0.12) 0.02
Gestational weight gain, kg 7.4 – 5.0 9.6 – 4.7 <0.001
Gestational week, week 38.4 – 1.8 38.7 – 1.6 <0.001
Preterm birth, n (%) 77 (8.8) 47 (5.7) 0.02
Mode of delivery

Vaginal 433 (49.4) 419 (50.9) 0.34
Suction 95 (10.8) 101 (12.3)
Forceps 24 (2.7) 20 (2.4)
Scheduled cesarean section 160 (18.3) 149 (18.1)
Emergency cesarean section 158 (18.0) 136 (16.5)
Others 6 (0.69) 0 (0.0)

Neonatal death, n (%) 3 (0.34) 2 (0.24) 1.00
Sex (women), n (%) 413 (47.0) 406 (49.2) 0.38
High, cm 48.9 – 2.8 49.3 – 2.4 <0.001
Birth weight, g 2992.7 – 480.0 3039.7 – 442.8 0.03
Small-for-gestational age, n (%) 69 (7.9) 48 (5.8) 0.10
Large-for-gestational age, n (%) 140 (16.0) 131 (15.9) 0.98
Macrosomia, n (%) 10 (1.1) 13 (1.6) 0.43
Low-birth-weight, n (%) 107 (12.2) 69 (8.4) 0.01
Hypertensive disorders of pregnancy, n (%) 69 (9.7) 57 (6.9) 0.45
Placental abruption, n (%) 6 (0.69) 4 (0.49) 0.59
HELLP syndrome, n (%) 3 (0.34) 3 (0.36) 1.00
Maternal death, n (%) 0 (0.0) 0 (0.0)
Neonatal morphological abnormality, n (%) 50 (5.9) 32 (3.9) 0.06
NICU admission, n (%) 118 (17.0) 77 (12.8) 0.04
Apgar score 1 ≥ 7, n (%) 816 (93.3) 770 (93.3) 0.96
Apgar score 5 ≥ 7, n (%) 859 (98.1) 810 (98.2) 0.86
Shoulder dystocia, n (%) 3 (0.34) 1 (0.12) 0.63
Neonatal hypoglycemia, n (%) 11 (1.3) 2 (0.24) 0.02
Intravenous glucose administration (%) 25 (2.9) 14 (1.7) 0.11
Fracture, n (%) 0 (0.0) 0 (0.0) –
Nerve plexus paralysis, n (%) 0 (0.0) 0 (0.0) –

Data are mean (SD), or n (%). HELLP, hemolytic anemia elevated liver enzymes low platelet count; NGT, normal glucose tolerance; NICU, neonatal
intensive care unit.

Table 3 | The multiple logistic regression analysis in preterm north, small-for-gestational age, low-birth-weight and NICU admission with the gesta-
tional diabetes mellitus group using the NGT group as reference category

Crude OR (95% CI) P value Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value
Model 1 Model 1 + GWG

Preterm birth 1.6 (1.1–2.3) 0.02 1.4 (0.96–2.1) 0.08 – –
Small-for-gestational age 1.4 (0.94–2.0) 0.10 1.5 (1.01–2.3) 0.04 1.3 (0.82–1.9) 0.29
Low-birth-weight 1.5 (1.1–2.1) 0.01 1.5 (1.1–2.1) 0.02 1.1 (0.78–1.6) 0.55
Neonatal intensive care unit admission 1.4 (1.02–1.9) 0.04 1.3 (0.92–1.8) 0.14 – –

Model 1: Covariate adjustments included maternal age, parity, maternal pre-pregnancy BMI, educational background, and income. GWG, gestational
weight gain; NGT, normal glucose tolerance; NICU, neonatal intensive care unit.
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overweight/obesity group, although it was observed for the risk
of increased LBW in the gestational diabetes mellitus group
when the pre-pregnancy BMI was <25 kg/m2, indicating the
need to pay attention to the control of weight gain during preg-
nancy in gestational diabetes mellitus women who are not over-
weight/obese.
In Japan, underweight among women in their 20s has

increased since 1995, exceeding 20%19, and underweight
women gain less weight during pregnancy20,21, further con-
tributing to the birth of LBW infants. In fact, birth weight in
Japan has declined consistently with the increase in the number
of underweight women19, and the proportion of LBW infants is
still 9.4% in the 2019 survey13. The situation of children born
with LBW is of great public health concern, as they are more
likely to develop diabetes, hypertension, cerebral or coronary
vascular disease, and other non-communicable diseases22. In
2021, the Ministry of Health, Labor and Welfare and the Japan
Obstetrician and Gynecologist Society switched their policies
toward increasing the amount of weight gain during preg-
nancy23,24. This policy may change the situation of gestational
diabetes mellitus in Japan in the future, and we would like to
focus on the results of our future registry surveys.
Conversely, pregnancy outcomes of gestational diabetes melli-

tus were similar to those of NGT, except for SGA and LBW
children. Although not simply comparable, the outcomes of
pregnancies with gestational diabetes mellitus in the present
study were not as good as those of the 58,670 singleton preg-
nancies in the JECS25. In contrast, the rates of preeclampsia,
cesarean section, and instrumental delivery were 9.7%, 36.3%,
and 13.6% in the gestational diabetes mellitus group in our
study, compared with 3.0%, 10.3%, and 6.0%, respectively, in
the JECS group. In our study, those with normal results of the
75 g OGTT were selected as the NGT group for reference. In
our study, those with normal results of the 75 g OGTT were
selected as the NGT group for reference. Since the 75 g OGTT
was performed only on those who screened positive in mid-to-
late pregnancy, it is possible that this group had subnormal

glucose tolerance. In fact, the LGA rate in the NGT group
(17.8%) was higher than the originally expected 10%. Recently,
reports from a non-participating center in Japan and a study in
the US also reported that non-gestational diabetes mellitus
women with a positive 50 g GCT had a higher LGA rate than
women in the NGT group26,27. Conversely, a report from Thai-
land showed no difference in pregnancy outcomes between the
two groups28. Therefore, there is essentially a need to compare
and examine pregnancy outcomes in the gestational diabetes
mellitus group in the 75 g OGTT performed as a universal
screening using the NGT group as a reference.
The study had several limitations. First, the participants were

not representative of all Japanese pregnant women because the
participating centers were secondary or tertiary centers. Second,
although we compared pregnancy outcomes between the gesta-
tional diabetes mellitus and NGT groups, the NGT group may
have had subnormal glucose tolerance and would not be con-
sidered a normal reference. Finally, for some pregnancy out-
comes (e.g., shoulder dystocia and neonatal hypoglycemia), we
expected unreported cases on data collection, and the results
may not have been robust.
In conclusion, we established a prospective registry system of

gestational diabetes mellitus in Japan (DREAMBee study-
gestational diabetes mellitus) and clarified the actual status of
gestational diabetes mellitus. Gestational diabetes mellitus had a
higher proportion of LBW and SGA infants than NGT, espe-
cially in non-overweight/obese women with gestational diabetes
mellitus. In particular, the suppression of gestational weight
gain in non-overweight/obese gestational diabetes mellitus
women may be related to the suppression of fetal growth. In
the management of gestational diabetes mellitus in Japan, it is
necessary to focus on growth suppression as well as fetal over-
growth.
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Table S1 | Characteristics of mid-to-late diagnosed gestational diabetes mellitus and NGT.
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