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Abstract In pregnant women, obesity is a risk factor for mul-
tiple adverse pregnancy outcomes, including gestational diabe-
tes mellitus (GDM), preeclampsia, and preterm birth. The aim
of'this study was to determine the effects of pre-pregnancy body
mass index (BMI) on maternal and neonatal outcomes in wom-
en with GDM. A retrospective study of 5010 patients with
GDM in 11 provinces in China was performed in 2011. Partic-
ipants were divided into three groups based on BMI as follows:
a normal weight group (BMI 18.5-23.9 kg/m?), an overweight
group (BMI 24-27.9 kg/mz), and an obese group (BMI
>28.0 kg/m?). Maternal baseline characteristics and pregnancy
and neonatal outcomes were compared between the groups.
Multiple logistic regression analysis was used to explore the
relationships between BMI and the risk of adverse outcomes.
Of the 5010 GDM patients, 2879 subjects were from north
China and 2131 were from south China. Women in the normal
weight group gained more weight during pregnancy compared
with the overweight and obese GDM patients. Women in the
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overweight and obese groups had increased odds of hyperten-
sion during pregnancy (adjusted odds ratio (AOR)=1.50, 95 %
confidence interval (CI)=1.31-1.76 and AOR=2.12, 95 %
CI=1.84-3.16). The AORs for macrosomia in the overweight
and obese groups were 1.46 (95 % CI=1.16-1.69) and 1.94
(95 % CI=1.31-2.98), respectively. The relative risk of deliv-
ering a baby with an Apgar score <7 at 5 min was significantly
higher in women who were obese (AOR=2.11, 95 % CI=1.26—
2.85) before pregnancy compared with normal weight women.
Compared with the normal weight subjects, the incidence of
cesarean section and emergency cesarean section among over-
weight and obese women with GDM was significantly higher
(P<0.001). Overall, overweight and obese women with GDM
have an increased risk of adverse outcomes, including hyper-
tension during pregnancy, macrosomic infants, infants with low
Apgar scores, and the need for an emergency cesarean section.
More attention should be paid to GDM women who are obese
because they are at risk for multiple adverse outcomes.

Keywords Gestational diabetes mellitus - Obesity -
Pregnancy complications - Body mass index

Introduction

Gestational diabetes mellitus (GDM) is a common metabolic
complication during pregnancy. Characterized by glucose in-
tolerance, GDM affects approximately 4.3 % of pregnancies
in China [1]. As a major cause of both maternal and neonatal
mortality and morbidity, GDM poses a greater risk for
macrosomia, cesarean delivery, newborn congenital
malformations, and stillbirth. Compared with those who have
a normal pregnancy, women with a history of GDM have a
significantly higher risk of metabolic syndrome [2]. Further-
more, a history of GDM is a risk factor for type 2 diabetes and
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cardiovascular diseases [3], and children born to mothers with
prior GDM have a higher risk of overweight and obesity in the
future [4].

It has been reported that multiple factors, such as a higher
pre-pregnancy body mass index (BMI), abdominal circumfer-
ence, fasting glycemia in the first trimester of pregnancy, and
the presence of polycystic ovary syndrome, are strongly asso-
ciated with an elevated GDM risk [5]. As a preventable and
reversible contributor to GDM, obesity has been one of the
most important health problems worldwide. It is reported that
overweight is a major threat to a successful pregnancy out-
come, leading to preeclampsia, cesarean delivery,
cephalopelvic disproportion, and macrosomia [6]. Additional-
ly, gestational weight gain is an important factor in both ma-
ternal and infant outcomes. High weight gain (>18 kg) during
pregnancy is associated with preeclampsia and cesarean de-
livery [7]. Many studies have already focused on the associa-
tion between obesity and GDM. Evidence from Singh et al.
suggested that the risk of GDM increased with an increasing
BMI across all weight categories. The odds ratio (OR) of
incident GDM was 1.08 (95 % confidence interval (CI)
1.08-1.09) for each 1 kg/m” increase in BMI and 1.48
(95 % CI 1.45-1.51) for each 5 kg/m” increase, indicating that
pre-pregnancy BMI plays an important role in GDM risk [8].
Due in large part to the obesity epidemic, GDM is becoming
increasingly common worldwide.

Although a few studies have investigated the association
between obesity and GDM, the majority of these studies was
limited by small sample sizes and may not be applicable to the
Chinese population [9, 10]. The objective of the present sur-
vey was to investigate the pregnancy outcomes among over-
weight and obese GDM patients in China.

Materials and methods

This was a hospital-based, retrospective cohort study of wom-
en whose pregnancies were complicated by GDM. This study
included GDM women who gave birth to a singleton in 11
provinces in China. Data were available from medical records
in 2011. Patients were selected from 36 different hospitals in
mainland China. One tertiary- or secondary-level hospital was
randomly selected in each province. The study was conducted
with the permission of the institutional review board at each
hospital and was approved by the ethics committees of the
medical institutions involved.

All pregnant women with singleton pregnancies diagnosed
with GDM in our selected hospitals with a pre-pregnancy
BMI>18.5 kg/m? were identified for this retrospective study.
The pre-pregnancy BMI was obtained from a self-reported
medical record. Exclusion criteria included maternal pre-
pregnancy chronic disease, including chronic hypertension,
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history of diabetes, and multiple gestations. Finally, 5010
GDM women were included in the present analysis.

GDM was defined according to the criteria recommended
by the International Association of Diabetes and Pregnancy
Study Groups (IADPSG) [11]. GDM was diagnosed when
any of the following values were met in the 75-g oral glucose
tolerance test (OGTT) performed in gestational week 24-28:
fasting blood glucose 5.1 mmol/l, 1-h blood glucose
10.0 mmol/l, or 2-h blood glucose 8.5 mmol/l. The treatments
for GDM included dietary consultation and insulin treatment
wherever necessary.

We classified women into three groups depending on their
pre-pregnancy BMI based on recommendations by the Group
of China Obesity Task Force of the Chinese Ministry of
Health as follows: normal weight (BMI between 18.5 and
23.9 kg/m?), overweight (BMI between 24.0 and 27.9 kg/
m?), and obese (BMI>28.0 kg/m?).

Baseline characteristics were compared between different
groups. Assisted reproductive technology (ART) pregnancies
include pregnancies achieved from in vitro fertilization (IVF)
or intracytoplasmic sperm injection/embryo transfer
(ICSI/ET). We compared the pregnancy outcomes between
groups. Gestational hypertension was defined when the sys-
tolic blood pressure was >140 mmHg or diastolic blood pres-
sure >90 mmHg, measured at two different intervals with
woman at rest for more than 15 min. Preterm delivery was
defined as delivery of a liveborn infant before 37 gestational
weeks [12]. Postpartum hemorrhage was defined as blood loss
greater than 500 mL in the first 24 h after delivery.
Macrosomia was defined as a birth weight of at least 4000 g.

For the statistical analysis, continuous variables were
expressed as the means+standard deviation as determined
by one-way analysis of variance (ANOVA). The chi-square
test, Fisher’s exact test, and one-way ANOVA were used to
compare variables between different groups. Multivariate lo-
gistic regression analysis was performed to estimate the asso-
ciation between pre-pregnancy BMI and adverse outcomes.
Adjusted odds ratios (AORs) and 95 % CIs were calculated
for all risk factors. Additionally, the outcomes were adjusted
for maternal age, parity, gestation weeks, and smoking status.
P<0.05 was considered significant. All statistical analyses
were performed using SPSS version 17.0.

Results

A total of 5010 women with GDM participated in the study.
Participants were selected from 36 hospitals in 11 Chinese
provinces. We divided the hospitals into two sections based
on their location. The rate of obesity was 13.9 % in north
China, while it was 7.1 % in south China. The regional distri-
bution of women according to their pre-pregnancy BMI is
summarized in Table 1.
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Table 1 Regional distribution of

GDM

Normal weight Overweight Obese

pregnant women with GDM in Region Hospital
China
North China 22
South China 17
Total 39

2879
2131
5010

1985/2879 (68.9 %)
1717/2131 (80.6 %)
3702

493/2879 (17.1 %) 401/2879 (13.9 %)
2622131 (123 %) 1522131 (7.1 %)
755 553

The baseline characteristics of the study population are
listed in Table 2. A total of 3702 GDM patients had a normal
pre-pregnancy BMI, 755 were overweight, and 553 were
obese. The mean BMIs in the three groups were 20.9+1.9,
25.9+1.4, and 30.6+2.1 kg/m?, respectively. There were no
significant differences in age, gestational weeks, and alcohol
consumption between the different groups. Compared with
the overweight and obese women, the normal weight women
were more likely to gain more weight during pregnancy
(P<0.001). In addition, the percentage of smokers in the nor-
mal weight group was higher than that in the other groups
(P<0.001).

Table 3 shows the maternal and neonatal outcomes in dif-
ferent groups. The rates of premature rupture of membranes
(PROM), preterm labor, placental abruption, postpartum hem-
orrhage (PPH), and neonatal malformation were not signifi-
cantly different between the three groups. An increased risk of
hypertension during pregnancy (HDP) was observed in over-
weight and obese GDM patients compared with normal
weight patients. The AORs in the overweight and obese
groups were 1.50 and 2.12, respectively, compared with the
normal weight group. ORs were adjusted for maternal age,
gravidity, gestational week, and smoking status. The neonatal
outcomes were also different between the groups. Overweight
GDM mothers were more likely to deliver a macrosomic in-
fant (AOR=1.46, 95 % CI=1.16-1.69), and the AOR for
macrosomia in the obese group was even higher (AOR=
1.94, 95 % CI=1.31-2.98). The relative risk of delivering a
baby with an Apgar score <7 at 5 min was markedly higher in
women who were obese (AOR=2.11, 95 % CI=1.26-2.85)
prior to pregnancy.

The modes of pregnancy and delivery in GDM women in
the different groups are compared and summarized in Table 4.
There were no significant differences between the three
groups with regard to the mode of pregnancy, including

spontaneous pregnancy and ART pregnancy. However, at de-
livery, the rate of vaginal delivery was significantly decreased
in both the overweight and obese groups. The rate of cesarean
delivery was higher in the overweight group than in the nor-
mal weight group (65.0 vs. 48.8 %), and the cesarean delivery
rate was highest in the obese group (74.5 %). Furthermore, a
significantly increased risk of emergency cesarean section was
observed in the overweight and obese groups compared with
the normal weight group.

Discussion

As previously reported, overweight and obesity at the begin-
ning of pregnancy can lead to adverse pregnancy outcomes,
including GDM, gestational hypertension, preeclampsia, in-
duction of labor, prolonged second stage of labor, postpartum
hemorrhage, and neonatal macrosomia [13, 14]. Our results
suggest that a high pre-pregnancy BMI increased the risk for
gestational hypertension, fetal macrosomia, delivering a baby
with an Apgar score <7 at 5 min, and cesarean section after
adjustment for maternal age, gravidity, gestational age, and
smoking status in GDM women. These results demonstrate
that obesity is not only a risk factor for GDM but is also a risk
factor for adverse pregnancy outcomes induced by GDM.
As one of the most common medical complications of
pregnancy, GDM is characterized by glucose intolerance due
to an insufficiency of insulin secretion to meet the increased
requirements during pregnancy. Previously published studies
suggested that insulin secretion and action in GDM were di-
rectly affected by adipocyte-derived factors such as leptin and
adiponectin [15, 16]. A meta-analysis by Chu et al. involving
20 studies revealed that compared with normal weight preg-
nant women, overweight, obese, and severely obese women
had ORs of developing GDM of 2.14, 3.56, and 8.56,

Table 2 Demographic

characteristics in different groups Variable Normal weight Overweight Obese P value
(n=3702) (n=755) (n=553)
Age (years) 30.5+4.8 31.1+£5.7 29.4+4.9 0.201
Pre-pregnancy BMI (kg/m?) 20.9+1.9 259+1.4 30.6+2.1 P<0.001
Weight gain (kg) 14.8+6.1 12.9+4.7 122+5.4 P<0.001
Gestational week 375473 37.2+4.7 38.6+1.9 0.301
Smoking 0.4 % 03 % 02 % P<0.001
Alcohol consumption 04 % 0.3 % 03 % 0.093
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Table 3  Pregnancy and neonatal outcomes in the three groups

Incidence Normal weight Overweight Obese
(n=3702) (n=1755) (n=553)
n (%) n (%) Adjusted OR (95 % CI) n (%) Adjusted OR (95 % CI)

Pregnancy outcome
HDP
PROM

312 (8.4 %)
711 (19.2 %)

114 (15.1 %)
126 (16.7 %)

Preterm labor 270 (7.3 %) 53 (7.0 %)
Placental abruption 60 (1.6 %) 12 (1.6 %)
PPH 225 (6.1 %) 48 (6.4 %)

Newborn outcome

Macrosomia 349 (9.4 %) 116 (15.4 %)
5 min Apgar score <7 6 (0.2 %) 3 (0.4 %)
Malformation 32 (0.9 %) 6 (0.8 %)

1.50 (1.31-1.76)"
1.02 (0.63-1.54)
0.86 (0.49-1.38)
1.12 (0.58-1.40)
0.96 (0.69-1.81)

1.46 (1.16-1.69)"
1.17 (0.82-1.65)
0.91 (0.72-1.53)

166 (30.0 %)
88 (15.9 %)
34.(6.1 %)
9 (1.6 %)

38 (6.8 %)

121 (21.9 %)
4(0.7 %)
5(0.9 %)

2.12 (1.84-3.16)"
0.94 (0.91-1.28)
0.86 (0.48-1.31)
1.04 (0.75-2.89)
1.23 (0.97-1.86)

1.94 (1.31-2.98)"
2.11 (1.26-2.85)*
1.04 (0.42-2.01)

Adjusted for maternal age, gravidity, gestational age, and smoking status

HDP hypertension during pregnancy, PROM premature rupture of membranes, PPH postpartum hemorrhage

#*P<(0.05; ¥ P<0.01

respectively [17]. Furthermore, in another study, Ogonowski
et al. demonstrated that with an increasing pre-pregnancy
BMI, the risk for GDM increases not only in overweight but
also in normal weight women [18]. These findings demon-
strated that BMI and GDM are closely related.

Because obesity and GDM are the two risk factors for
adverse pregnancy outcomes, we investigated the influence
of different BMI categories on pregnancy outcomes in GDM
patients. Our results showed that there was an increased risk of
gestational hypertension in the overweight (OR=1.50, 95 %
CI=1.31-1.76) and obese (OR=2.12, 95 % CI=1.84-3.16)
groups compared with the normal weight group, which was
in accordance with the conclusion drawn by Zhang et al., who
found that the incidence of preeclampsia among obese GDM
women was three- and twofold higher than those in normal
weight and overweight GDM women, respectively [19].
However, we cannot confirm their findings that the risk of
PROM in the obese group was 1.4- and 1.6-fold greater than
those in the normal weight and overweight groups,

respectively. The reason for this difference maybe that we
adjusted for other important covariates to reduce interference
in the results. In addition, the weight gain in normal weight
women was markedly greater than that in overweight and
obese GDM women, which may also have contributed to the
difference in the results. Bodnar et al. explained the mecha-
nisms underlying the effects of obesity on preeclampsia risk as
an elevated inflammatory response and high triglyceride
levels [20]. However, no significant difference in the inci-
dence of preterm labor, placental abruption, PROM, and post-
partum hemorrhage was observed between the different
groups.

Neonatal outcomes can also be influenced by a high pre-
pregnancy BMI. As is already known, women with either
GDM or obesity have an increased incidence of macrosomic
neonates. Our results confirmed that the incidence was even
higher among overweight and obese GDM women compared
with normal weight GDM women. According to a retrospec-
tive study of 10,468 European children, fetal macrosomia is

Table 4 Pre-pregnancy BMI and

the mode of pregnancy and Normal weight Overweight Obese P value
delivery (n=3702) (n=1755) (n=553)
Mode of pregnancy
Spontaneous pregnancy 3608 (97.5 %) 737 (97.6 %) 539 (97.5 %)
ART pregnancy 94 (2.5 %) 18 (2.4 %) 14 (2.5 %) 0.184
Mode of delivery
Vaginal delivery 1896 (51.2 %) 256 (33.9 %) 141 (25.3 %)
Cesarean delivery 1806 (48.8 %) 499 (65.0 %) 412 (74.5 %) P<0.001
Elective 1358 (75.2 %) 321 (64.3 %) 208 (50.5 %)
Emergency 448 (24.8 %) 178 (35.7 %) 204 (49.5 %) P<0.001
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independently associated with the development of
overweight/obesity during childhood [21]. Despite this result,
we found that the incidence of a low Apgar score was in-
creased in the obese group compared with the other groups,
demonstrating an adverse outcome in infants from obese
GDM mothers. Gesche et al. also reported that birth weight
is related to maternal BMI in obese women and that adherence
to gestational weight gain recommendations does not seem to
prevent the incidence of increased birth weight [22]. More-
over, increased placental inflammation due to obesity may
directly affect neonatal development through alterations in
nutrient transport and has a negative impact on the neonatal
immune system [23].

We also studied the relationship between pre-pregnancy
BMI and the mode of pregnancy and delivery. Women in the
overweight and obese groups tended to have a higher rate of
ART pregnancies, but this difference was not significant. Gen-
erally, obese women experience longer times to conception,
even if they are young and cycling regularly. This finding
could be attributed to the altered ovarian follicular environ-
ment and increased metabolite, C-reactive protein, and andro-
gen activity levels in these women [24]. Based on our survey,
the rates of cesarean section in normal weight, overweight,
and obese GDM patients were 48.8, 65.0, and 74.5 %, respec-
tively. Compared with normal weight women, the emergency
cesarean section rate was 1.4- and 2.0-fold higher in the over-
weight and obese groups, respectively. Excess abdominal ad-
ipose tissue can obstruct the progression of labor mechanical-
ly, which in turn blocks fetal circulation and may lead to fetal
distress and emergency cesarean section. Cesarean section can
increase the risk of maternal and fetal mortality compared with
vaginal delivery. All these factors contribute to a worse out-
come in obese GDM women.

There are several limitations to this study. First, this is a
retrospective study. We collected data on 5010 GDM patients
nationwide, but we were limited by what information was
available in the medical records. Some clinical data were not
included in our survey form, and different results may have
been obtained if we had the missing data. Patients who partic-
ipated in this survey were from tertiary- or secondary-level
hospitals, which may have contributed to selection bias. An-
other limitation is related to the different methods of data
capture. The glucose level in GDM patients was not available;
thus, the confounding role of this level in each patient could
not be assessed.

Conclusions

This study showed a significant association between pre-
pregnancy BMI and an increased risk of adverse pregnancy
and neonatal outcomes, such as gestational hypertension, fetal
macrosomia, and emergency cesarean section, in Chinese

women. Weight control should be emphasized prior to preg-
nancy to achieve a better pregnancy outcome, especially for
women with GDM.
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