
Association of glycated hemoglobin at an early
stage of pregnancy with the risk of gestational
diabetes mellitus among non-diabetic women
in Japan: The Japan Environment and
Children’s Study
Tetsuo Sekine1, Kyoichiro Tsuchiya1,* , Hiroyuki Uchinuma1, Sayaka Horiuchi2, Megumi Kushima2, Sanae Otawa2, Hiroshi
Yokomichi3 , Kunio Miyake3, Yuka Akiyama3, Tadao Ooka3, Reiji Kojima3, Ryoji Shinohara2, Shuji Hirata4, Zentaro
Yamagata2,3, The Japan Environment and Children’s Study Group†, Michihiro Kamijima, Shin Yamazaki, Yukihiro Ohya,
Reiko Kishi, Nobuo Yaegashi, Koichi Hashimoto, Chisato Mori, Shuichi Ito, Zentaro Yamagata, Hidekuni Inadera, Takeo
Nakayama, Hiroyasu Iso, Masayuki Shima, Youichi Kurozawa, Narufumi Suganuma, Koichi Kusuhara, Takahiko Katoh
1Third Department of Internal Medicine, Interdisciplinary Graduate School of Medicine and Engineering, University of Yamanashi, Yamanashi, Japan, 2Center for Birth Cohort Studies,
University of Yamanashi, Chuo City, Yamanashi, Japan, 3Department of Health Sciences, School of Medicine, University of Yamanashi, Chuo City, Yamanashi, Japan, and
4Department of Obstetrics and Gynecology, University of Yamanashi, Yamanashi, Japan

Keywords
Cohort studies, Hyperglycemia,
Pregnancy outcome

*Correspondence
Kyoichiro Tsuchiya
Tel.: +81-55-273-9682
Fax: +81-55-273-9685
E-mail address:
tsuchiyak@yamanashi.ac.jp

J Diabetes Investig 2022; 13: 687–695

doi: 10.1111/jdi.13701

ABSTRACT
Aims/Introduction: Gestational diabetes mellitus (GDM) is one of the most common com-
plications of pregnancy and is associated with adverse pregnancy outcomes. This study aimed
to explore the associations between glycated hemoglobin (HbA1c) levels at the early stage of
pregnancy and the GDM risk among non-diabetic women in a nationwide study in Japan. In
addition, the relationship between GDM and adverse pregnancy outcomes was also analyzed.
Materials and Methods: This cohort study (n = 89,799) used data from the Japan
Environment and Children’s Study. We stratified the participants into four groups accord-
ing to HbA1c levels at an early stage of pregnancy. We investigated the association of
HbA1c at an early stage of pregnancy with the risk of GDM, and of GDM with the risk of
some representative adverse pregnancy outcomes, using the multiple logistic regression
model with adjustment for potential confounders.
Results: The adjusted odds ratio for GDM per 0.1 percentage point increase in HbA1c
(%) was 1.20. The adjusted odds ratio for developing GDM was significantly increased in
women from the HbA1c 5.0–5.4% category. GDM significantly increased the adjusted odds
ratio for adverse pregnancy outcomes, such as hypertensive disorders of pregnancy, poly-
hydramnios and premature birth.
Conclusions: High-normal HbA1c levels at the early stage of pregnancy are signifi-
cantly associated with GDM risk in women in Japan. GDM was significantly associated
with adverse pregnancy outcomes.

INTRODUCTION
Gestational diabetes mellitus (GDM) occurs when resistance to
circulating insulin results in hyperglycemia, an impaired glucose

metabolism first detected during pregnancy. It is one of the
most common pregnancy-related complications and is associ-
ated with adverse pregnancy outcomes1–4. Additionally, GDM
increases the lifetime risk of developing type 2 diabetes for both
mothers and children5–9. Therefore, GDM screening and diag-
nosis are essential in prenatal care. The American Diabetes
Association recommends testing for glycated hemoglobin
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(HbA1c) before conception10, as this measure can be used in
the triage for GDM risk stratification. Preconception counseling
usually discusses the importance of maintaining serum glucose
levels as close to normal as possible, ideally with a HbA1c level
of <6.0%. However, type 2 diabetes among East Asian people
has been widely characterized primarily by b-cell dysfunction
with evident responses immediately after the ingestion of glu-
cose or a meal. Its association with adiposity is substantially
lower compared that of white people11. In a study of Taiwanese
women without pre-existing diabetes, elevated HbA1c levels
even within the normal range were considered to be associated
with an increased risk of GDM and adverse outcomes12. This
finding suggests that Asian women with relatively high HbA1c
values, even those within the normal range, might be more
likely to develop GDM than women from different populations.
However, no published study has examined the association of
HbA1c levels with GDM risk in a large cohort of Asian partici-
pants.
Therefore, the present study aimed to explore the associa-

tions between HbA1c levels at the early stages of pregnancy
and the risk of GDM among non-diabetic women in the
nationwide study in Japan, the Japan Environment and Chil-
dren’s Study (JECS). Additionally, the associations between
GDM and adverse pregnancy outcomes were supplementally
analyzed.

MATERIAL AND METHODS
Additional details of the Material and Methods are included in
the Supporting information section.

Study design
The JECS is an ongoing prospective nationwide birth cohort
study in Japan. The main aim of the JECS was to investigate
the associations of environmental factors with children’s health
and development. Pregnant women were recruited at 15 Regio-
nal Centers between January 2011 and March 2014. Question-
naires were completed, and maternal venous blood samples
were obtained from participants during the first trimester and
the second or third trimester13. Details of the study design and
a summary of the baseline profiles of participants have been
described previously13–16. In this study, we analyzed the ‘jecs-ta
20190930’ dataset released by the Program Office in October
2019. The dataset included information on 104,062 fetal
records. The study was conducted in accordance with the Dec-
laration of Helsinki.

Statistical analysis
Continuous variables were reported as medians and 95% confi-
dence intervals (CIs). Categorical variables were described as
numbers and percentages. We investigated the associations of
HbA1c levels at an early stage of pregnancy with the risk of
GDM among non-diabetic Japanese women using the multiple
logistic regression model with adjustment for potential con-
founders (older pregnancy, pre-pregnancy body mass index

[BMI], gestational weeks during the HbA1c level measure-
ments, history of GDM, polycystic ovarian syndrome (PCOS),
cesarean section, large babies, premature births, miscarriages
and stillbirths, multiple pregnancies, alcohol status, smoking
status, blood pressure at the early stage of pregnancy, and
mother’s own birthweight). Additionally, the associations
between GDM and the risk of representative adverse preg-
nancy/infant outcomes, such as hypertensive disorder of preg-
nancy (HDP), polyhydramnios and premature birth, were
investigated. All analyses used the multiple logistic regression
model. The associations between GDM and HDP were adjusted
for older pregnancy, pre-pregnancy BMI, primipara, multiple
pregnancies, blood pressure at the early stage of pregnancy, and
history of HDP, renal disease, hypertension, hypothyroidism,
autoimmune disease and anti-phospholipid antibody syndrome.
The associations between GDM and polyhydramnios were
adjusted for older pregnancy, pre-pregnancy BMI, fetal malfor-
mation and multiple pregnancies. The associations between
GDM and premature birth were adjusted for age, pre-
pregnancy BMI, multiple pregnancies, placenta previa, placental
abruption, premature rupture of membranes, HDP, history of
premature birth, fetal growth restriction, polyhydramnios, fetal
distress, uterine malformation, smoking status, household
income, and highest educational attainment of the mother and
father.
Data were analyzed by multiple logistic regression models as

appropriate using EZR version 1.53 (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), which is a graphical
user interface for R (The R Foundation for Statistical Comput-
ing, Vienna, Austria)17. Statistical significance was set at 0.05
and all statistical tests were two-tailed. Only the main outcomes
were presented for the adjusted odds ratio (OR) and P-values
due to the JECS rule.

RESULTS
Characteristics
A total of 104,062 fetal records with a median gestational age
of 12 weeks (95% CI 8–26 weeks) were recruited between Jan-
uary 2011 and March 2014. We excluded 14,263 participants
due to missing data/records for the GDM diagnosis
(n = 2,377), diabetes history (n = 209), missing data/records of
HbA1c levels and/or a method for HbA1c measurement
(n = 11,607), and HbA1c level ≥6.5% (n = 70). Then, 89,799
participants were eligible for the present analysis (Figure 1).
Women with anemia or iron preparations, which might affect
HbA1c levels, were not excluded. The median age, pre-
pregnancy BMI and gestational age during HbA1c level mea-
surements were 31 years (95% CI 22–39 years), 20.5 kg/m2

(95% CI 17.4–27.6 kg/m2) and 15 weeks (95% CI 11–21 weeks;
Table 1). The number of older pregnancies, obesity and GDM
diagnoses were 21,625 (24.1%), 9,772 (10.9%) and 2,397 (2.7%),
respectively. In each HbA1c category, the higher the HbA1c
category, the higher the older pregnancies, obesity, GDM diag-
nosis, prevalence of GDM history, and delivery of large babies,
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premature births, miscarriages and stillbirths (Table 1). In con-
trast, the higher the HbA1c category, the lower the under-
weight, gestational weeks during the HbA1c level
measurements and prevalence of a PCOS history.

Association of HbA1c levels at the early stage of pregnancy
with GDM
Next, we analyzed how much various known GDM risk factors
contribute to its diagnosis in all participants or in each HbA1c
category. In each HbA1c category analysis, stillbirth history in
≤4.9% and 6.0–6.4%, and PCOS history and multiple pregnan-
cies in 6.0–6.4% were excluded because they were unable to be
calculated. To analyze all participants, the adjusted OR [95%
CI] for GDM per 0.1 percentage point (1.1 mmol/mol) increase
in HbA1c was 1.20 [1.18–1.22] (Table 2). In each HbA1c cate-
gory, a significant increase in the adjusted OR for GDM was
observed, even in the HbA1c category 5.0–5.4% (1.11, 95% CI
1.05–1.17) and HbA1c categories 5.5–5.9% (1.24, 95% CI 1.15–

1.33) and 6.0–6.4% (1.54, 95% CI 1.20–1.98). Furthermore,
women from the HbA1c category 5.0–5.4% had a significantly
higher adjusted OR for the occurrence of GDM (1.32, 95% CI
1.10–1.58) compared with that of those in the HbA1c category
≤4.9% (Table 3). Similarly, the frequency of occurrence for each
GDM confounder showed differences in older pregnancy, BMI
at pre-pregnancy, history of GDM, PCOS, cesarean section,
large babies, multiple pregnancies and mother’s own birth-
weight (Table 4). In particular, the frequency of older pregnan-
cies (40.6 vs 23.6%), obesity (31.3 vs 10.3%), GDM history (4.5
vs 0.2%) and the mother’s own low birthweight (LBW; 7.3 vs
4.9%) remarkably increased in GDM versus non-GDM, respec-
tively.

Association between GDM and adverse pregnancy outcomes
We then assessed whether GDM increased the risk of known
adverse pregnancy outcomes in this cohort. In HDP analysis,
anti-phospholipid antibody syndrome was excluded because it

104,062 fetal records

101,685 participants

Exclude 2,377 participants without 
data/records for GDM diagnosis

101,476 participants

Exclude 209 participants with 
diabetes history

87,402 women without GDM 2,397 women with GDM

89,869 participants

Exclude 11,607 participants without 
data/records of HbA1c levels and/or 
a method for HbA1c measurement 

(JDS or NGSP method)

89,799 analyzed

Exclude 70 participants with HbA1c 
levels 6.5 % or more

Figure 1 | Participants inclusion flowchart regarding the analysis of the gestational diabetes (GDM) risk during pregnancy. The study included
89,799 pregnant women from the data of the Japan Environment and Children’s Study (JECS). HbA1c, glycated hemoglobin; JDS, Japan Diabetes
Society; NGSP, National Glycohemoglobin Standardization Program.
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was unable to be calculated. GDM significantly increased the
adjusted OR for HDP (1.41, 95% CI 1.17–1.69), polyhydram-
nios (2.99, 95% CI 2.06–4.33) and premature birth (1.23, 95%
CI 1.01–1.49; Table S1).

DISCUSSION
The global prevalence of hyperglycemia in pregnancy using the
International Association of Diabetes and Pregnancy Study
Groups’ criteria has been estimated at 17%, with regional esti-
mates varying between 10% in North America and 25% in
South-East Asia18. However, among women in Asian countries,

the prevalence of GDM in Japanese women was relatively
low19,20. Although the reasons are not well understood, it is
likely to involve multiple factors, including ethnic-specific
genetic, lifestyle, social–cultural and other environmental fac-
tors; a possible explanation might be attributed to wide dissemi-
nation of general health checkups in Japan in the past decades,
which could provide opportunities for lifestyle management.
Further investigations are required to clarify the country-
specific risks for GDM/diabetes among Asian countries.
In a prospective study enrolling 1,989 pregnant Taiwanese

women, the optimal cut-off HbA1c value that maximized the

Table 1 | Characteristics of study participants

Characteristic All cases HbA1c category, % (mmol/mol)

≤4.9
(≤30)

5.0–5.4
(31–36)

5.5–5.9
(37–41)

6.0–6.4
(42–47)

n = 89,799
(100%)

n = 17,589
(19.6%)

n = 56,544
(63.0%)

n = 15,325
(17.1%)

n = 341
(0.4%)

Age, median (95% CI)
(years)

31
(22–39)

29
(21–38)

31
(23–39)

33
(24–40)

34
(25–41)

Older pregnancy
(≥35 years)

21,625
(24.1)

2,783
(15.8)

13,259
(23.5)

5,424
(35.4)

159
(46.6)

BMI at pre-pregnancy,
Median, kg/m2 (95% CI)

20.5
(17.4–27.6)

20.2
(17.3–25.7)

20.5
(17.4–27.1)

21.1
(17.6–30.2)

27.1
(18.7–37.5)

Underweight
(<18.5 kg/m2)

13,900
(15.5)

3,196
(18.2)

8,751
(15.5)

1,939
(12.7)

14
(4.1)

Obesity
(≥25 kg/m2)

9,772
(10.9)

1,188
(6.8)

5,607
(9.9)

2,770
(18.1)

207
(60.9)

Gestational weeks during the HbA1c level measurement
median (95% CI)

15
(11–21)

17
(12–21)

15
(11–20)

14
(11–20)

14
(10–20)

Diagnosis of GDM, n (%) 2,397
(2.7)

227
(1.3)

1,194
(2.1)

849
(5.5)

127
(37.2)

History, n (%)
GDM 316 (0.4) 28 (0.2) 144 (0.3) 124 (0.8) 20 (5.9)
PCOS 727 (0.8) 154 (0.9) 466 (0.8) 106 (0.7) 1 (0.3)
Large babies 556 (0.7) 70 (0.5) 320 (0.7) 155 (1.1) 11 (3.6)
Premature births 2,997 (3.9) 440 (3.1) 1,916 (4.0) 627 (4.7) 14 (4.7)
Miscarriages 17,169 (19.4) 3,097 (17.9) 10,745 (19.3) 3,250 (21.5) 77 (22.8)
Stillbirths 647 (0.7) 100 (0.6) 410 (0.7) 132 (0.9) 5 (1.5)

Multiple pregnancy 1,733 (1.9) 379 (2.2) 1,037 (1.8) 307 (2.0) 10 (2.9)
Alcohol status, n (%)
Quit drinking on knowing they were pregnant 40,538 (46.5) 8,339 (48.9) 25,517 (46.5) 6,553 (44.1) 129 (40.3)
Current drinking 2,356 (2.7) 455 (2.7) 1,441 (2.6) 447 (3.0) 13 (4.1)

Smoking status, n (%)
Past smokers 20,972 (23.8) 3,964 (23.0) 13,210 (23.8) 3,706 (24.6) 92 (28.1)
Quit smoking on knowing they were pregnancy 11,481 (13.0) 2,785 (16.2) 7,076 (12.7) 1,573 (10.4) 47 (14.3)
Current smokers 4,078 (4.6) 820 (4.8) 2,489 (4.5) 734 (4.9) 35 (10.7)

Mother’s own birthweight (yes/no)
Low birthweight

(<2,500 g)
3,899 (5.0) 707 (4.7) 2,450 (4.9) 723 (5.4) 19 (6.9)

High birthweight
(≥4,000 g)

1,799 (2.3) 362 (2.4) 1,128 (2.3) 294 (2.2) 15 (5.5)

Values presented exclude missing data. BMI, body mass index; CI, confidence interval; GDM, gestational diabetes; HbA1c, glycated hemoglobin;
PCOS, polycystic ovarian syndrome.
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total sensitivity and specificity for GDM diagnosis was 5.7%
(sensitivity of 45.2% and specificity of 84.1%)12. The present
study including 89,799 participants showed that HbA1c levels
at an early stage of pregnancy are significantly associated with
GDM risk. Notably, even the HbA1c category 5.0–5.4%, which
is regarded as within a normal range, had a significantly higher
adjusted OR for developing GDM than that of the ≤4.9%
HbA1c category. This observation suggests that pregnant
women in Japan with HbA1c levels ≥5.0% might need to be
considered as at risk for GDM.
The American College of Obstetricians and Gynecologists

suggested the screening obese women for pre-existing diabetes
or GDM by the first trimester, in contrast to the 24–28 weeks
screening recommended for low-risk women21,22. Early screen-
ing and diagnosis of GDM leads to an early treatment by criti-
cal periods of fetal growth and development, which prevents
the fetus from being exposed to hyperglycemia. According to
the previous studies, the treatment of GDM diagnosed at 24–
28 weeks led to decreased adverse pregnancy outcomes; for

example, cesarean section, large babies, shoulder dystocia and
HDP, so that earlier treatment in the first trimester might fur-
ther decrease pregnancy complications4,23. However, there are
no clinical guidelines in Asian countries, including Japan, show-
ing an optimal marker at an early stage of pregnancy to predict
and assess the risk of subsequent GDM. The present study also
proposed HbA1c levels as a useful marker at an early stage of
pregnancy for GDM risk assessment.
Similarly, with HbA1c levels at an early stage of pregnancy,

the risk for GDM is significantly affected by clinical history,
such as GDM, PCOS and cesarean section. It suggests that the
risk for GDM needs to be evaluated while taking clinical his-
tory and HbA1c levels into consideration. Among them, GDM
history was identified to markedly increase the frequency in
GDM (4.5%) than in non-GDM (0.2%). In clinical settings,
women with a GDM history might need careful monitoring
and proactive care management during pregnancy, even if
HbA1c levels are normal or low at the early stage of pregnancy.
Furthermore, one-third to half of women with a GDM history

Table 2 | Multivariable-adjusted odds ratios for gestational diabetes in each category of glycated hemoglobin in the early stage of pregnancy

Risk factor All cases HbA1c category, % (mmol/mol)

≤4.9
(≤30)

5.0–5.4
(31–36)

5.5–5.9
(37–41)

6.0–6.4
(42–46)

HbA1c levels at the early stage of pregnancy (per 0.1% [1.1 mmol/mol]) 1.20†

(1.18–1.22)
<0.0001

1.10†,‡

(0.95–1.27)
0.21

1.11†

(1.05–1.17)
<0.001

1.24†

(1.15–1.33)
<0.0001

1.54†,§

(1.20–1.98)
<0.001

Values represent adjusted odds ratio (95% confidence interval) and P-values. †Adjusted for older pregnancy (aged ≥35 years), body mass index at
pre-pregnancy (three groups: <18.5, <25 [reference] and ≥25 kg/m2), gestational weeks during the glycated hemoglobin (HbA1c) levels measure-
ment, history of gestational diabetes, polycystic ovarian syndrome, large babies, premature births, miscarriages, stillbirths, caesarean section, multiple
pregnancy, alcohol status (three groups; no-drinking [reference], quit drinking on knowing about pregnancy and current drinking), smoking status
(four groups; never smoker [reference], past smoker, quit smoking on knowing about pregnancy and current smoker), systolic blood pressure (four
groups; <120 [reference], <140, <160, and ≥160 mmHg), diastolic blood pressure (four groups: <70 [reference], <90, <110, ≥110 mmHg) and
mother’s own birthweight (three groups; <2,500, <4,000 [reference] and ≥4,000 g). ‡The factor of stillbirths history was excluded because adjustment
was unable to be calculated. §The factors of multiple pregnancy, and history of polycystic ovarian syndrome and stillbirths were excluded because
they were unable to be calculated in adjustment.

Table 3 | Multivariable-adjusted odds ratios for gestational diabetes in groups of glycated hemoglobin at the early stage of pregnancy

HbA1c category, % (mmol/mol)

≤4.9
(≤30)

5.0–5.4
(31–36)

5.5–5.9
(37–41)

6.0–6.4
(42–46)

Adjusted OR for GDM† Ref 1.32
(1.10–1.58) <0.01

2.75
(2.27–3.34) <0.0001

19.6
(13.9–27.8) <0.0001

Values represent adjusted odds ratio (OR), 95% confidence interval and P-values. †Adjusted for older pregnancy (aged ≥35 years), body mass index
at pre-pregnancy (three groups: <18.5, <25 [reference] and ≥25 kg/m2), gestational weeks during the glycated hemoglobin (HbA1c) levels measure-
ment, history of gestational diabetes (GDM), polycystic ovarian syndrome, large babies, premature births, miscarriages, stillbirths, cesarean section,
multiple pregnancy, alcohol status (three groups: no-drinking [reference], quit drinking at realizing pregnancy and current drinking), smoking status
(four groups: never smoker [reference], past smoker, quit smoking at realizing pregnancy and current smoker), systolic blood pressure (four groups:
<120 [reference], <140, <160 and ≥160 mmHg), diastolic blood pressure (four groups: <70 [reference], <90, <110 and ≥110 mmHg) and mother’s
own birthweight (three groups: <2,500, <4,000 [reference] and ≥4,000 g).
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have been reported to develop type 2 diabetes within 3–
5 years24, and 70% will develop type 2 diabetes if followed up
for >10 years6. Irrespective of HbA1c levels, women with a
GDM history should be carefully monitored after delivery and
during pregnancy. Future studies are necessary to clarify the
association between HbA1c levels at early pregnancy and the
development of type 2 diabetes after delivery.
The present study suggests that the higher HbA1c group

shows a higher tendency of drinking and smoking habits with
lower tendency of quitting them. Some previous studies showed
that pregnant women who smoked had a significantly higher
risk of GDM in Korea25 and China26. In contrast, a meta-
analysis for 84 observational studies in Asian countries has
shown that drinking before pregnancy is found to be a protec-
tive factor for GDM, with an odds ratio of 0.7927. It suggests
that, unlike smoking, moderate alcohol consumption might be
associated with a reduced risk of GDM. Therefore, the higher
tendency of drinking and smoking habits observed in higher
HbA1c categories is not likely to consistently affect the risk for
GDM in the present study. However, chronic drinking can
worsen lifestyle management, which might affect risks for meta-
bolic disorders. Furthermore, a report showed that ethanol con-
sumption 2 weeks before pregnancy resulted in a decrease in
the number of viable fetuses and abnormal fetal development,
and these effects were accompanied by impaired maternal

glucose homeostasis and hepatic steatosis during pregnancy28.
Further evidence is required to elucidate the optimal amount
and timing of alcohol consumption during pre-pregnancy to
reduce GDM risk.
Consistent with previous studies, the present study using the

JECS cohort showed that GDM significantly increased the risk
of representative adverse pregnancy outcomes, such as HDP,
polyhydramnios and premature birth3,29,30. A previous study on
HDP using the JECS showed a similar trend to that of the pre-
sent study31. However, the adjusted ORs were slightly different
(1.41, 95% CI 1.17–1.69 and 2.08, 95% CI 1.51–2.86 in the pre-
sent and previous study, respectively), likely because of popula-
tion differences arising from the selected exclusion criteria and
covariates. Stated differently, the present study confirmed that
GDM was a risk factor for adverse pregnancy outcomes, even
in modern Japanese medical practice, where the diagnosis and
treatment of GDM are now well established. Previous studies
suggest that GDM risk might be reduced by diet, exercise and
lifestyle counseling. These interventions have been shown to be
particularly effective when introduced in the first or early sec-
ond trimester32. Therefore, the importance of screening using
HbA1c levels at early pregnancy to prevent the development of
GDM and adverse pregnancy outcomes was suggested.
As shown in reports from the USA33 and Norway34, after

adjustment with pre-pregnancy BMI, mothers’ LBW is

Table 4 | Frequency of occurrence for each gestational diabetes confounders

Risk factors GDM

- +

Older pregnancy
(age ≥35 years), n (%)

20,651 (23.6) 974 (40.6)

BMI at pre-pregnancy, n (%)
Underweight (<18.5 kg/m2) 13,676 (15.7) 224 (9.4)
Obesity (≥25 kg/m2) 9,023 (10.3) 749 (31.3)

History, n (%)
GDM 208 (0.2) 108 (4.5)
PCOS 693 (0.8) 34 (1.4)
Cesarean section 7,690 (8.9) 361 (15.3)
Large babies 526 (0.7) 30 (1.5)
Premature births 2,895 (3.9) 102 (5.2)
Miscarriages 16,615 (19.3) 554 (23.4)
Stillbirths 632 (0.7) 15 (0.6)

Multiple pregnancy, n (%) 1,650 (1.9) 83 (3.5)
Smoking status, n (%)
Past smokers 20,343 (23.7) 629 (26.7)
Quit smoking on knowing they were pregnant 11,184 (13.0) 297 (12.6)
Current smokers 3,951 (4.6) 127 (5.4)

Mother’s own birthweight, n (%)
Low birthweight

(<2,500 g)
3,746 (4.9) 153 (7.3)

High birthweight
(≥4,000 g)

1,750 (2.3) 49 (2.3)

Values presented exclude missing data. BMI, body mass index; GDM, gestational diabetes; PCOS, polycystic ovarian syndrome.
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significantly associated with their risk for GDM. The present
study showed that the mother’s own LBW was more frequent
in GDM (7.3%) than it was in non-GDM (4.9%), suggesting
that environmental factors acting early in life, such as fetal life
and newborn, also had profound effects for the development
of GDM in Asian women. Although our understanding of the
biological mechanisms underlying the effects of LBW on the
development of GDM is far from complete, some early meta-
bolic changes have been proposed. LBW has been associated
with endothelial35 and b-cell36 dysfunction, dyslipidemia37,38,
insulin resistance37,39, and impaired glucose tolerance39,40 in
adulthood. Recently in vivo studies suggested that these meta-
bolic changes were programmed in utero35,41–43. These meta-
bolic changes, impaired glucose tolerance and dyslipidemia,
whether resulting from what was programmed in utero or
other factors, can lead to the development of GDM. As
observed in Western countries, including the USA44, France45

and Germany46, the average birthweight in Japan has been
decreasing every year. In the 1990s, the average birthweight in
Japan was approximately 3,300 g; however, it has since
decreased to approximately 3,000 g, and the prevalence of
LBW in Japan has increased to 10%47,48. Therefore, future
studies on the association of a woman’s own birthweight
with her subsequent risk for GDM should be carried out in
Japan.
The present study had several limitations. First, information

on race, family history of diabetes and urine glucose, which are
reported as confounders for GDM49,50, is lacking. Second, non-
significant ORs associated with relatively wide CIs do not nec-
essarily indicate the true absence of ORs. Third, most informa-
tion was obtained through a self-administered structured
questionnaire used in JECS, and measurement error in these
variables might have resulted in some degree of residual con-
founding. Fourth, women with anemia or iron supplementa-
tion, which might affect HbA1c levels, were not excluded.
In summary, the present observations indicate that high-

normal HbA1c levels in the early stage of pregnancy are signifi-
cantly associated with the risk of GDM in women in Japan.
Additionally, GDM was significantly associated with adverse
pregnancy outcomes. The risk for GDM is strongly affected by
history of GDM, previous studies suggest that the risk of GDM
might be reduced by diet, exercise and lifestyle counseling.
These interventions have been shown to be particularly effective
when introduced in the first or early second trimester32. The
present observations will help identify pregnant women in
Japan, and possibly in other Asian countries, for early preven-
tive interventions for GDM.
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Table S1 | Multivariable-adjusted odds ratios for adverse pregnancy outcomes.
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