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INTRODUCTION

ABSTRACT

Aims/Introduction: To compare pregnancy outcomes between women with gesta-
tional diabetes mellitus (GDM) diagnosed early and late in pregnancy in Japan.
Materials and Methods: We examined women diagnosed with GDM in this multi-in-
stitutional retrospective study. Women were divided into two groups by gestational age
at diagnosis: <24 weeks of gestation (early group, 144 + 4.2 weeks) and >24 weeks of
gestation (late group, 29.6 + 34 weeks). Dietary counseling with self-monitoring of blood
glucose with or without insulin therapy was initiated for both groups. Pregnancy out-
comes were compared between the groups.

Results: Data from 600 early and 881 late group participants from 40 institutions were
included. Although pre-pregnancy body mass index was higher in the early group than in
the late group, gestational weight gain was lower in the early group. Hypertensive disor-
ders of pregnancy and cesarean section were more prevalent in the early than in the late
group (9.3% vs 4.8%, P < 0.001; 34.2% vs 32.0%, P < 0.001, respectively). The prevalence of
large-for-gestational-age infants was higher in the late than in the early group (24.6% vs
19.7%, respectively, P = 0.025). There was no significant difference in other neonatal
adverse outcomes between the groups. Multiple logistic regression analysis showed that
early group, nulliparity and pre-pregnancy body mass index were associated with hyper-
tensive disorders of pregnancy.

Conclusions: These results suggest that maternal complications, including hypertensive
disorders of pregnancy and cesarean delivery, were higher in the early group than in the
late group. Earlier intervention for GDM might be associated with a reduction in large-for-
gestational-age infants.

Recently, the prevalence of obesity and type 2 diabetes mellitus

Gestational diabetes mellitus (GDM) is known as glucose intoler-
ance that first develops or is found during pregnancy; however,
the gestational age at diagnosis of GDM is not always reported’.

The contributors of the Japan Diabetes and Pregnancy Study Group are presented in
the Appendix.
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among childbearing women has increased significantly, because
some women are diagnosed with pre-existing diabetes at their
first visit to a hospital or clinic. These changes have led the Amer-
ican Diabetes Association to redefine GDM to include only glu-
cose intolerance diagnosed in the second or third trimester of
gestation. This definition excludes women with pre-existing dia-
betes or those diagnosed before the second trimester”.
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Gestational diabetes mellitus can lead to maternal complica-
tions, such as hypertensive disorders of pregnancy (HDP) and
cesarean delivery, as well as infant complications, such as large-
for-gestational-age (LGA) infants, macrosomia, respiratory dis-
tress syndrome, neonatal hypoglycemia and neonatal jaun-
dice™*. LGA infants often experience perinatal complications of
GDM>®, and the mean glucose concentration of a mother with
GDM has a strong impact on birthweight”. The Hyperglycemia
Adverse Pregnancy Outcome study has shown that the level of
maternal hyperglycemia is correlated with adverse maternal and
perinatal outcomes’. On the basis of the Hyperglycemia
Adverse Pregnancy Outcome study, new criteria for the GDM
were proposed by the International Association of Diabetes in
Pregnancy Study Group (IADPSG) in 2010° These criteria,
based primarily on plasma glucose levels associated with a
1.75-fold increase in the risk of adverse pregnancy outcomes,
such as delivery of LGA infants and cesarean delivery®, include
initial diagnosis of women with GDM before 24 weeks of gesta-
tion. The goal of an initial test in early pregnancy is to identify
“overt diabetes in pregnancy,” also known as “undiagnosed
pre-existing diabetes in early pregnancy®,” because overt dia-
betes in pregnancy is known to be associated with adverse
complications compared with GDM’. In contrast, the appropri-
ate diagnostic criteria for the diagnosis of GDM in early preg-
nancy have not been clarified, and the effect of early diagnosis
and intervention on the risk of adverse pregnancy outcomes
has also not been shown.

In Japan, GDM has been screened for and diagnosed early
in pregnancy for >20 years. However, it is not clear whether
pregnancy outcomes can be improved by managing women
with GDM early in pregnancy versus screening them for GDM
in late pregnancy. In fact, there are no reports that compare
adverse pregnancy outcomes between women with GDM diag-
nosed in the first half of pregnancy and second half of preg-
nancy. Therefore, we compared pregnancy outcomes of women
with GDM diagnosed at <24 weeks of gestation and those diag-
nosed at >24 weeks of gestation using the Japan Diabetes and
Pregnancy Study Group database.

METHODS
Participants and study design
We carried out a multicenter retrospective study using data-
bases from 40 institutions in Japan over the period from 2003
to 2009. All participants provided written informed consent.
The ethics committee at each of the collaborating centers of the
Japan Diabetes and Pregnancy Study approved the study design
and protocol. Other studies based on clinical questions have
been published previously using the same database as that used
in the Japan Diabetes and Pregnancy Study’''. In the present
study, women with GDM were divided into two groups by ges-
tational age at diagnosis: <24 weeks of gestation (early group)
and >24 weeks of gestation (late group).

Singleton pregnant women with no history of GDM were
included. Women with multi-fetal gestations, pre-gestational
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diabetes including type 1 or type 2 diabetes mellitus, GDM
treated previously or active chronic systemic disease including
hyperthyroidism, systemic lupus erythematosus, and rheuma-
toid arthritis were excluded. Women with overt diabetes in
pregnancy, as defined by IADPSG, were excluded. Overt dia-
betes in pregnancy was defined as two abnormal values on the
75-g oral glucose tolerance test (OGTT); fasting glucose level
126 mg/dL and 2-h postprandial glucose level 200 mg/dL; gly-
cated hemoglobin level 6.5%; random glucose level 200 mg/dL;
or diabetic retinopathy recognized in pregnancy. In addition,
patients with fulminant type 1 diabetes mellitus were excluded.
All pregnant women participating in the present study under-
went a universal two-step screening process for diagnosis of
GDM both in early and late pregnancy. This test included a
random glucose test in early pregnancy and a random glucose
test or a 50-g glucose challenge test between 24 and 32 weeks
of gestation, respectively. Those with a random glucose test
result >100 mg/dL or glucose challenge test result >140 mg/dL
required a diagnostic test for GDM; that is, 75-g OGTT. On
the basis of the former Japan Society of Obstetrics and Gyne-
cology (JSOG) criteria, women meeting more than two of the
following OGTT cut-off points were considered to have GDM:
fasting 100 mg/dL; 1 h 180 mg/dL; and 2 h 150 mg/dL".

The database of clinical background characteristics included
parity, maternal age, pre-pregnancy body mass index (BMI),
gestational weight gain, gestational age at delivery, delivery
mode including vaginal delivery or cesarean section, and infant
parameters including infant sex, birth weight, Apgar score (1
and 5 min after birth), perinatal mortality and congenital mal-
formations. In terms of maternal pregnancy complications,
HDP, including pre-eclampsia, gestational hypertension and
chronic hypertension, were examined. Pre-pregnancy body-
weight was determined based on self-reporting at the first pre-
natal visit. Gestational age was determined based on the last
menstrual period or measurement of crown—rump length using
ultrasound in early pregnancy. Gestational hypertension was
defined as sustained blood pressure readings of >140/90 mmHg
during pregnancy after 20 weeks of gestation after a previously
normotensive status without the feature of pre-eclampsia, which
normalized by 12 weeks postpartum. Pre-eclampsia was defined
as a condition of hypertension accompanied by at least one of
the complications as shown, following new onset after 20 weeks
of gestation, with all symptoms normalizing by 12 weeks post-
partum: proteinuria; other maternal organ dysfunctions, such as
liver involvement without any underlying chronic diseases, pro-
gressive kidney dysfunction, stroke and neurological complica-
tions; hematological ~ complications; and  uteroplacental
dysfunction. Chronic hypertension was defined as a condition
of hypertension diagnosed before pregnancy or before 20 weeks
of gestation without features of superimposed pre-eclampsia.
Macrosomia was defined as a birthweight of >4,000 g. LGA
infants were defined as those with a birthweight within or
above the 90th percentile of the birthweight of Japanese
infants'’. Small-for-gestational-age infants were defined as those
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with a birthweight less than the 10th percentile of the birth-
weight of Japanese infants". Congenital malformations were
defined as having a morphological abnormality with functional
impairment. For instance, congenital malformations included
congenital heart diseases, such as atrial septal defect and ven-
tricular septal defect, neural tube defects including spina bifida
with or without meningocele, and atresia of the upper digestive
tract.

Women with GDM received guidance regarding self-moni-
toring of blood glucose levels three to six times a day from a
licensed nurse. Dietary counseling was provided for each
woman with GDM. Briefly, a registered dietician examined the
daily dietary intake of women with GDM using the recollection
method and instructed women on the appropriate gestational
weight gain on the basis of their pre-pregnancy BMI. The
JSOG recommends an additional 200 kcal per day for non-
obese women during pregnancy in addition to 30 kcal/kg of
non-pregnant ideal bodyweight'®, No additional caloric intake
was prescribed during pregnancy for overweight and obese
women with GDM. Ideal bodyweight was defined by the data
of the Japan Ministry of Health, Labor and Welfare'>. On the
basis of self-monitoring of blood glucose, insulin therapy was
started if fasting glucose levels <95 mg/dL and 2-h postprandial
levels <120 mg/dL were not achieved.

Study outcomes

Maternal adverse outcomes included HDP comprising gesta-
tional hypertension, pre-eclampsia, chronic hypertension and
cesarean section. Neonatal adverse outcomes included neonatal
death and complications associated with maternal hyper-
glycemia, such as delivery of LGA infants, macrosomia, infant
hypoglycemia, infant jaundice, respiratory distress syndrome
and admission to the neonatal intensive care unit. Blood sam-
pling for neonatal glucose measurement was collected 1 or 2 h
after birth. Neonatal hypoglycemia was defined as blood glu-
cose levels <35 mg/dL. Neonatal hyperbilirubinemia was
defined as the requirement of phototherapy.

Statistical analysis

Baseline clinical characteristics and measurements of biomark-
ers in both the early GDM group and the late GDM group are
presented as the mean * standard deviation and as either
medians or percentages. Univariate tests to assess differences
between groups were carried out using the y’-test. Also, vari-
ables with a significant difference between any two groups were
then included in multiple logistic regression analysis. P-values
<0.05 (two-tailed) were considered statistically significant. Statis-
tical analyses were carried out using SAS version 9.4 (SAS Insti-
tute, Cary, NC, USA).

RESULTS

A total of 1,806 women in 40 institutions were diagnosed with
GDM from 2003 through 2009. Of the 1,806 pregnancies, 325
were excluded because of inadequate data, multiple pregnancies
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or chromosomal abnormalities in infants. In total, 1,481 women
with GDM were included in the study. These women were
divided into two groups on the basis of gestational age at
GDM diagnosis: the early group (<24 weeks; n = 600) and the
late group (>24 weeks, n = 881).

Table 1 shows the baseline characteristics of the women.
Maternal age in the early GDM group was older than in the
late  GDM group (34.0 =49 years vs 334 £ 4.8 years,
P = 0.032). The prevalence of nullipara showed no significant
differences between groups. Pre-pregnancy BMI was signifi-
cantly higher in the early group than in the late group
(262 £ 6.2 vs 241 £ 5.2, P <0.001). Gestational weight gain
was lower in the early group than in the late group
(49 £ 58 kg vs 73 £ 4.8 kg, P =0.032). Gestational age at
diagnosis of GDM was different between groups
(144 £ 4.2 weeks vs 29.6 = 3.4 weeks, P < 0.001). Although
gestational age showed no significant difference between groups,
birthweight was heavier in the late group than in the early
group (29282 * 641.2 g vs 3012.2 £ 640.8 g, P = 0.013). Both
fasting plasma glucose levels and plasma glucose levels at 1 h
after 75-g OGTT were higher in the early group than in the
late group (2024 £ 30.2 mg/dL vs 198.4 £ 26.7 mg/dL, respec-
tively, P = 0.005).

Maternal and neonatal complications are shown in Table 2.
The prevalence of HDP (9.3% vs 4.8%, P < 0.001) and cesarean
section (34.2% vs 32.0%, P < 0.001) were higher in the early
group than in the late group. The prevalence of small-for-
gestational-age infants was not significantly different between
groups. The prevalence of LGA infants was higher in the late
group than in the early group (19.7% vs 24.6%, P = 0.025).
Other neonatal complications, such as neonatal death, congeni-
tal malformation, macrosomia, neonatal hypoglycemia, neonatal

Table 1 | Clinical characteristics

Early group Late group P-value
(n = 600) (n = 881)
Maternal age (years) 340 £ 49 334+ 48 0032
Nullipara, n (%) 421 (47.8%) 459 (52.2%) 0672
Pre-pregnancy BMI 262+ 62 241 £ 52 <0.001
Gestational weight gain (kg) 49 + 58 73148 <0.001
Gestational age at 144 + 42 296 *+ 34 <0.001
diagnosis (weeks)
Gestational weeks at 380+ 22 381+£20 0267
delivery (weeks)
Birthweight (g) 29282 + 6412 30122+ 6408 0013
Results of 75 g OGTT (mg/dL)
Fasting PG 922 £ 120 908 £ 128 0035
1-h PG 2024 £ 302 1984 £ 267 0.005
2-h PG 1750 £ 294 1726 £ 267 0.104

Data are expressed as mean (standard deviation) or percentages unless
otherwise noted. Large-for-gestational-age was defined as a birthweight
greater than the 90th percentile for Japanese infants. BMI, body mass
index; OGTT, oral glucose tolerance test; PG, plasma glucose.
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Table 2 | Maternal and neonatal complications
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Table 4 | Risk factors for large-for-gestational-age infant

Early group  Late group  P-value
(n = 600) (n = 881)
Maternal complications
HDP, n (%) 56 (9.3) 42 (4.8) <0.001
Cesarean section, n (%) 205 (34.2) 282 (32.0) <0.001
Neonatal complications
Neonatal death, n (%) 13 (34) 19 (2.2) 0981
Congenital malformation, n (%) 30 (5.0) 45 (5.1) 093
SGA infants, n (%) 51 (85) 57 (65) 0.16
LGA infants, n (%) 118 (19.7) 217 (24.6) 0025
Macrosomia, n (%) 13 (22) 30 34 0348
Hypoglycemia, n (%) 66 (11.0) 103 (11.7) 0552
Jaundice, n (%) 83 (14.9) 131 (14.9) 0507
NICU, n (%) 217 (36.2) 301 (342 0491

Large-for-gestational-age (LGA) was defined as a birthweight greater
than the 90th percentile for Japanese infants. HDP, hypertensive disor-
ders of pregnancy; NICU; neonatal intensive care unit; SGA, small-for-
gestational-age.

jaundice and admission to the neonatal intensive care unit,
showed no significant difference between the two groups.

Table 3 shows the risk factors for HDP based on a cohort
identified as having GDM identified by multiple logistic regres-
sion analysis. Maternal age at delivery, nulliparity, early group,
pre-gestational BMI, gestational weight gain and plasma glucose
levels at 2 h after 75-g OGTT were associated with the onset of
HDP.

Table 4 shows the associated factors for LGA infants based
on a cohort identified as having GDM by multiple logistic
regression analysis. Maternal age at delivery was found to be
associated with LGA infants. In contrast, the GDM group, pre-
pregnancy BMI, gestational weight gain and plasma glucose
levels at 2 h after 75-g OGTT were not associated with LGA
infants.

DISCUSSION
The present study showed that women with GDM diagnosed
in early pregnancy had a higher prevalence of maternal

Table 3 | Risk factors for hypertensive disorders of pregnancy

B SE®R P OR 95% Cl
Maternal age 0058 0022 0009 1060 1.015-1.107
Nullipara 0661 0226 0003 1937 1245-3014
Early group 0639 0227 0005 1895 1215-2956
Pre-pregnancy BMI 0128 0018  <00001 1137 1.097-1.179
Gestational 0099 0020  <00001 1105 1061-1.150
weight gain
1-h PG of OGTT —0002 00042 0698 0998 0.990-1007
2-h PG of OGTT 0013 00040 0001 1013 1.005-1.021

Area under the curve 0.761. BMI, body mass index; Cl, confidence inter-
val; OGTT, oral glucose tolerance test; OR, odds ratio; PG, plasma glu-
cose; SE, standard error.

B SE@B) P OR 95% Cl
Maternal age 0030 0013 0023 1031 1.004-1.058
Late group 0215 0134 0110 1240 0953-1613
Pre-pregnancy BMI -0014 0012 0276 0987 0963-1.011
Gestational weight gain 0010 0013 0469 1010 0984-1.036
2-h PG of OGTT -0003 0002 0227 0997 0993-1.002

Area under the curve 0.563. BMI, body mass index; Cl, confidence
interval; OGTT, oral glucose tolerance test; OR, odds ratio; PG, plasma
glucose; SE, standard error.

complications, including HDP and cesarean section, whereas
women with GDM diagnosed in late pregnancy had a higher
prevalence of LGA infants. These findings might be due to the
possibility that earlier initiation of treatment results in a reduc-
tion in LGA infants.

The results of the present study are partially in agreement
with those of previous reports. For instance, Sweeting et al.'®
reported that despite early diagnostic OGTT and current treat-
ment for GDM, women with GDM diagnosed before 24 weeks
of gestation had more adverse pregnancy outcomes, including a
higher prevalence of HDP, preterm delivery, cesarean section
and neonatal jaundice compared with women with GDM diag-
nosed after 24 weeks of gestation. However, in their study,
women who underwent an OGTT early in pregnancy also had
multiple risk factors for GDM. Thus, women diagnosed with
GDM before 24 weeks of gestation were at high risk for GDM,
unlike participants in the present study who underwent routine
screening for GDM.

There is no clear evidence of a reduction in the prevalence
of poor pregnancy outcomes with early treatment in women
with GDM diagnosed early in pregnancy. In a subanalysis of a
multi-institutional randomized trial for a mild degree of
GDMV, Palatnik et al.'® reported that earlier intervention for
mild GDM was not related to pregnancy outcomes compared
with non-intervention. However, in their study, treatment was
initiated from 24 weeks of gestation. Therefore, we cannot
know the effects of treatment for women with GDM diagnosed
before 24 weeks of gestation.

In the present study, the frequency of LGA infants was
higher in the late group than in the early group. Notably, dura-
tion of treatment in women in the early group was longer than
that in the late group. As a result, gestational weight gain in
the early group was lower than that in the late group, leading
to a higher frequency of LGA in the late group. In addition,
although the prevalence of HDP was higher in the early group
than the late group, there was no significant difference in the
prevalence of LGA infants between the two groups. Therefore,
the reason the frequency of LGA infants is lower in the early
group than in the late group would not be related to HDP
causing small-for-gestational-age infants. The prevalence of
LGA infants in the early group was still high (19.7%) compared
with the general population. This might have resulted from the
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effect of maternal BMI, because maternal BMI is known to be
independently associated with birthweight and delivery of LGA
infants'>*. In contrast, in the late group, the gestational weeks
at diagnosis was almost 30 weeks of gestation. In this case,
most of the women with GDM diagnosed in the first half of
pregnancy received treatment from 31 or 32 weeks of gestation,
suggesting that good glycemic control could not be achieved at
32 weeks of gestation. Lin et al®® and Sameshima et al*'
showed that if women with diabetes achieve good glycemic
control before 32 weeks of gestation, the number of LGA
infants can be reduced’®?'. In the present study, there is a pos-
sibility that good glycemic control was not achieved until deliv-
ery in the late group. Therefore, earlier intervention in the first
half of gestation could reduce the prevalence of LGA infants.

The pathophysiological aspect of GDM is also important. It
has been reported that both early and late GDM were associ-
ated with impairments in B-cell function®***. Obesity can lead
to insulin resistance, which might result in early GDM**, A
similar pathophysiological condition might have existed in the
current study, as the early group included women with higher
BMI compared with the late group. Being overweight
(25 < pre-gestational BMI < 30) or obese (pre-gestational BMI
>30) has also been known to have additional negative outcomes
on pregnancy, such as HDP and cesarean section, as well as
perinatal complications, such as delivery of LGA infants®. In
the present study, the early group included women with higher
BMI, perhaps leading to a higher prevalence of HDP. In fact,
the early group and pre-pregnancy BMI were risk factors for
HDP in the present study. Therefore, a screening test for GDM
early in pregnancy might be an effective tool to identify the
high-risk group for HDP. The reason maternal age was associ-
ated with LGA infants is unclear. Past reports have not shown
a positive association between maternal age and LGA infants in
women with GDM. In contrast, pre-gestational BMI and gesta-
tional weight gain, which are important risk factors for LGA
infants, were not associated with delivery of LGA infants in this
study, suggesting that glycemic control at the time of delivery
might be different between the two groups. This is one of the
limitations of the present study.

Maternal and perinatal adverse outcomes are directly associ-
ated with the degree of hyperglycemia®. In this regard, the
degree of glucose intolerance was different between women
who met the former JSOG criteria for GDM in the present
study compared with that in those who met the IADPSG crite-
ria. Women with GDM who meet the IADPSG criteria could
have a milder form of GDM compared with women who meet
the JSOG criteria used in the present study. In fact, Hagiwara
et al”’ reported that treatments started after GDM diagnosis in
early pregnancy based on IADPSG criteria showed no effective-
ness compared with treatments initiated after GDM diagnosis
in the latter half of gestation. However, they did not compare
the therapeutic method between early in pregnancy and late in
pregnancy in the early-onset GDM. Therefore, another limita-
tion of this retrospective study is that their results cannot

http://wileyonlinelibrary.com/journal/jdi

provide the effectiveness of treatment for the early group. In
contrast, Alunni et al?® showed that women with GDM diag-
nosed early in pregnancy on the basis of the IADPSG criteria
require pharmacotherapy more frequently than those diagnosed
later in pregnancy, implying a more severe form of hyper-
glycemia. These results are not in agreement. The present
results also cannot provide evidence of usefulness of early inter-
vention for the early GDM group. Therefore, prospective, ran-
domized, controlled trials are necessary to delineate which
women require intervention in early pregnancy.

Some limitations must be considered in interpreting the data
in the present study. First, we could not compare pregnancy
outcomes between women with GDM and women with nor-
mal glucose tolerance, because we only included women with
GDM. Second, we could not ascertain whether glycemic con-
trol for GDM in the two groups was appropriate or similar at
the time of delivery. Therefore, we could not assess the exact
effect of glycemic control on the incidence of LGA infants.
Also, as the participants were recruited on the basis of the for-
mer JSOG criteria for GDM, we did not compare real preg-
nancy outcomes between women with GDM based on the
previous JSOG criteria and women with GDM based on the
IADPSG criteria.

In summary, in the present study, maternal complications,
such as HDP and cesarean section, were associated with early
GDM. The use of self-monitoring of blood glucose, dietary
counseling and insulin therapy could possibly reduce the inci-
dence of LGA infants. A reduction in the number of LGA
infants is particularly important, because LGA not only places
the infants at a high risk for perinatal complications, but also
might contribute to metabolic syndrome later in life. Further
studies focusing on weight control before conception, dietary
counseling in terms of specific nutrients and recommendations
regarding diet for LGA infants are required. In addition, ran-
domized controlled trials on the treatment of early-onset GDM
are required to ascertain the effectiveness of such treatment.
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