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Abstract

Purpose The aim of this study was to investigate the
association between pre-pregnancy body mass index (BMI)
and gestational diabetes mellitus (GDM).

Methods This prospective study was conducted on 256
pregnant women without diabetes referred for prenatal care
in the first trimester of pregnancy to two referral University
Hospitals (Shariati and Arash Hospitals) during the years
2012 and 2013. Eligible participants were selected con-
secutively and were followed until delivery and 6 weeks
after that. Body weight and fasting plasma glucose were
measured in each trimester, and BMI was calculated.
Incidence of GDM was recorded, and BMI in this group
was compared with those without GDM.

Results Mean age of women was 28.70 + 5.57 years and
among them, 78 women (30.5 %) developed GDM of
which 21 were obese (52.5 %), 25 overweight (27.8 %),
and 32 (25.4 %) were normal weight (p = 0.004). Pre-
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pregnancy obesity (OR 2.74, 95 % CI 1.28-5.88,
p = 0.009), family history of diabetes (OR 2.01, 95 % CI
1.13-3.56, p = 0.016), and maternal age more than
30 years (OR 2.20, 95 % CI 1.25-3.88, p = 0.006) were
three independent predictors for GDM, and pre-pregnancy
obesity was the most potent predictor of GDM.

Conclusion Women with high BMI and obesity have a
significantly higher risk for developing GDM. Pre-preg-
nancy obesity, family history of diabetes, and age more
than 30 years are three independent risk factors for GDM.

Keywords Gestational diabetes mellitus - Obesity - BMI

Introduction

Impaired glucose tolerance and hyperglycemia first rec-
ognized during pregnancy is defined as gestational diabetes
mellitus (GDM) [1]. GDM is the most common metabolic
complication of pregnancy that usually improves within
few weeks (6-12 weeks) after delivery. Prevalence of
GDM varies from one to 14 % in different countries
according to the different diagnosis criteria used [2—4].

Women with GDM are at increased risk for developing
complications including neonatal hypoglycemia, fetal
macrosomia, preeclampsia, and cesarean delivery [5, 6].
Also, the women affected by GDM, have a significantly
increased risk for developing type 2 diabetes and cardio-
vascular disease in future [7-9]. In addition to the mothers,
children exposed to maternal GDM are at increased risk for
developing type 2 diabetes and obesity later in life, too
[10-13].

Obesity and diabetes are two important health chal-
lenges with rapidly growing prevalence in the world as
well as in Iran [14, 15]. The highest burden of diabetes
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occurs in the developing countries because more than 80 %
of diabetes cases live in these countries [16]. The high
number of people with diabetes in these countries is due to
increase in urbanization and sedentary life style including
increased physical inactivity and changes in dietary pat-
terns and increased rate of obesity [17].

Obesity is risk factor for several chronic diseases,
including diabetes, heart disease, and some cancers. A
recent study in Iran showed that obesity is associated with
increased age, low educational levels, being married, living
in urban area, and female gender [18]. Also, the most of
obesity-attributable deaths are related to ischemic heart
disease, stroke, and diabetes mellitus, respectively [19].
The global prevalence of obesity has increased from 6.4 %
in 1980 to 12.0 % in 2008 worldwide. Half of this increase
occurred between 2000 and 2008 [14]. The prevalence of
overweight and obesity together has increased by 27.5 % in
adults and 47.1 % in children between 1980 and 2013, and
currently, obesity is a major public health challenge in
many middle-income countries [15]. The prevalence of
obesity in women is higher than in the men in both the
developed and developing countries [15]. This high rate of
obesity puts obese women at risk for developing obesity-
related complications such as diabetes.

The main goal of this study was to investigate the
association between maternal pre-pregnancy body mass
index (BMI) and obesity with GDM.

Materials and methods

This hospital-based prospective cohort study was con-
ducted on pregnant women in two referral University
Hospitals (Dr Shariati and Arash Hospitals) in Tehran, Iran.

Pregnant women who referred for prenatal care in the
first trimester of pregnancy to these Hospitals (Dr Shariati
and Arash Hospitals) during the years 2012 and 2013 were
included in the study consecutively, if they were eligible
and consented to participate. Participants were selected by
the convenience sampling method, which is a non-proba-
bility sampling method, and participants are selected based
on their convenient accessibility and proximity to the
researcher.

Women with the history of diabetes (type 1 or 2), those
referred after the first trimester of pregnancy and those
refused to participate were excluded from the study.

Pregnant women were included in the study in the first
prenatal visit at first trimester of pregnancy, and they were
followed up until delivery. Follow-up of mothers with
GDM continued until 6 weeks after delivery. In the first
prenatal visit, weight and height were measured, and body
mass index (BMI) was calculated and considered as pre-
pregnancy BMI. Maternal BMI was categorized as normal:
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Fig. 1 ROC curve for relation between maternal pre-pregnancy BMI
and GDM

less than 25 kg/m?, overweight: 25-30 kg/m?, and obesity:
equal or greater than 30 kg/m’.

Also, fasting blood sugar (FBS) was measured following
an overnight fasting. In high-risk women, glucose tolerance
test (GTT) was performed at first prenatal visit. Maternal
weight was measured at the end of first and second tri-
mester of pregnancy as well as the end of pregnancy. Oral
glucose tolerance test (OGTT) with 75 g glucose was
performed in 24th—28th weeks of pregnancy, and diagnosis
of gestational diabetes (GDM) was made based on the
obtained results according to the ADA 2012 criteria [20].
In order to identify the rate of diabetes development fol-
lowing GDM, 6 weeks after delivery, OGTT was per-
formed again. Gestational weight gain was calculated by
subtraction of maternal weight at the end of pregnancy
from maternal weigh at first prenatal visit in the first tri-
mester of pregnancy. After finishing the study, based on
development of GDM, all participants were divided into
two groups of women with GDM (case group) and healthy
women without GDM (control group), and different risk
factors were compared between the two groups.

The ethics committee at Endocrinology and Metabolism
Research Institute of Tehran University of Medical Sci-
ences approved the study protocol and each participant
gave verbal informed consent before enrollment in the
study. The study was conducted in accordance with the
Declaration of Helsinki [21].

Statistical analysis
Data are presented as mean and standard deviation for

continuous data and number and percentage for categorical
data. To compare numerical data between women with and
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without GDM, independent sample T test was applied and
Chi-square test was used for comparison of categorical
data. Multiple logistic regression model (MLR) was
applied to determine predictors of GDM. In MLR, family
history of diabetes, maternal age, gestational weight gain,
and obesity were entered to the model. Results of MLR are
presented as odds ratio (OR) and 95 % confidence interval
(CI). Receiver operating characteristic (ROC) curve was
drawn, and area under curve (AUC) was used as an indi-
cator of overall ability of using the BMI before pregnancy
to discriminate participants with or without GDM. AUC:
0.5, AUC: 0.5-0.65, and AUC: 0.65-1.0 were interpreted
as equal to chance, moderately, highly accurate tests,
respectively [22]. SPSS software version 17.00 for Win-
dows was used for data analysis, and a p value equal or less
than 0.05 was set as significance level.

Results

This prospective study was conducted on 256 pregnant
women with mean age of 28.70 & 5.57 years
(17-44 years). Among these women, 78 (30.5 %) devel-
oped gestational diabetes during pregnancy and 178
(69.5 %) completed pregnancy without GDM. Demo-
graphic characteristics of pregnant women with and with-
out GDM have been shown in Table 1.

GDM occurred in 21 obese (52.5 %), 25 overweight
(27.8 %), and 32 (25.4 %) normal-weight mothers

(p = 0.004). Incidence rate of GDM in overweight women
was not significantly different from that in normal-weight
women (27.8 vs. 25.4 %, p = 0.75).

There was no significant difference in newborn weight
between GDM and healthy groups (p = 0.8) (Table 1).
Only five newborns had birth weight of 4000 g or more in
our study. Six weeks after delivery, again FBS was mea-
sured in GDM group. Ten women lost to follow-up.
Among 68 remaining, FBS returned to normal in 53
mothers, was between 100 and 126 mg/dl in 14 women,
and remained above 126 mg/dl in one woman.

There was a significant difference in gestational
weight gain between the two groups, and gestational
weight gain in GDM group was significantly lower than
in the healthy group (10.10 & 7.66 vs. 4.78 £+ 6.29 kg,
p = 0.03). Although we found a significant association
between gestational weight gain and GDM, after
adjustment for confounding factors it changed to non-
significant.

Results of MLR showed that maternal obesity before
pregnancy (BMI >30) (OR 2.74, 95 % CI 1.28-5.88,
p = 0.009), family history of diabetes (OR 2.01, 95 % CI
1.13-3.56, p = 0.016), and maternal age more than
30 years (OR 2.20, 95 % CI 1.25-3.88, p = 0.006) were
three independent risk factors for GDM (Table 2). Mater-
nal pre-pregnancy obesity with odds ratio of 2.74 was the
strongest risk factor of GDM. Association of gestational
weight gain and GDM was not statistically significant in
the MLR.

Table 1 Demographic
characteristics of pregnant

women in case (with GDM) and
control (healthy women) groups

Parameter GDM group Healthy group p value
Age (mean £ SD) (years) 30.05 £ 5.89 28.11 + 5.33 0.01%*
BMI (mean + SD) (kg/m?) 27.56 £ 5.06 2495 + 4.24 <0.001*
Obesity, n (%) 21 (26.9) 19 (10.7) 0.004*
Gestational weight gain (mean £ SD) (kg) 1.42 £ 9.90 478 £ 7.73 0.005%*
History of hypertension, n (%) 4 (5.1) 4(2.2) 0.22
History of macrosomia, n (%) 3 (3.9) 3(1.7) 0.29
History of GDM, n (%) 6 (7.7) 0 (0.0) <0.001*
History of preeclampsia, n (%) 1(1.3) 3(1.7) 0.81
History of PCOD, n (%) 12 (15.4) 14 (7.9) 0.07
History of hyperlipidemia, n (%) 3 (3.8) 2 (1.1) 0.14
History of smoking, n (%) 4 (5.1) 3(1.7) 0.12
Familial history of diabetes, n (%) 38 (48.7) 53 (29.8) 0.004*
FBS in GTT (mean £+ SD) (mg/dl) 95.33 £ 12.77 80.56 + 7.69 <0.001%*
1-hour glucose in GTT (mean £ SD) (mg/dl) 176.57 £+ 36.37 123 £ 28.08 <0.001*
2-hour glucose in GTT (mean £ SD) (mg/dl) 146.36 £ 42.35 108.94 £ 22.76 <0.001*

FBS 6 weeks postpartum (mean £ SD) (mg/dl)
Newborn weight (mean £ SD) (g)

91.48 £ 15.01 - -
3134.61 £ 488.38 3118.28 +471.68  0.80

FBS fasting blood sugar
* p < 0.05 significant
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Table 2 Results of regression
analysis for risk factors of

gestational diabetes mellitus

Variable B value Odds ratio 95 % CI p value
Age >30 years 0.79 2.20 1.25-3.88 0.006
Family history of diabetes 0.70 2.01 1.13-3.56 0.016
Obesity 1.00 2.74 1.28-5.88 0.009
Over weight 0.01 1.01 0.54-1.92 0.95

ROC curve was drawn and showed that maternal BMI
before pregnancy was a highly accurate predictor of GDM
(AUC = 0.68, 95 % CI 0.61-0.75, p < 0.001) (Fig 1).

Discussion

In the present study, overall GDM incidence was 30.5 % in
pregnant women and there was a significant difference in
the incidence of GDM between pre-pregnancy obese and
normal-weight women. Rate of GDM development in
obese women was significantly higher than in the normal-
weight women. Pre-pregnancy maternal obesity, family
history of diabetes, and age more than 30 years were three
independent risk factors of GDM and maternal obesity was
the most potent one. However, maternal overweight in our
study was not risk factor for GDM.

Risk factors for GDM include high parity, advanced age,
family history of diabetes mellitus, nonwhite race, low
levels of vitamin D in the first trimester of pregnancy, and
overweight and obesity [1, 23]. Vitamin D has skeletal and
extraskeletal beneficial effects [24]; vitamin D supple-
mentation during pregnancy has a beneficial effect on
metabolic indices and improves glucose metabolism in
GDM women [25].

Previous studies have shown that maternal pre-preg-
nancy dietary pattern is associated with incidence of GDM
[26, 27]. In addition, a recent meta-analysis found that
there is a significant reverse association between pre-
pregnancy and early pregnancy physical activity and the
risk of GDM development [28].

Another study revealed that GDM incidence varies in
women with different ethnicity [29], and prevalence of
GDM in Asian women (3-21 %) is higher than in
women in the United States [30]. This study also showed
that prevalence of GDM in South Asian countries is
higher than in South East (Vietnam, Laous, Taiwan,
Filipina, and Malaysia) and East Asian countries (China,
Japan, South Korea, and Taiwan) [29]. The incidence
rate of GDM in our study (30.5 %) is higher than in the
United States (9.2 %) as well as in India (7.1 %) [4, 31].
However, incidence of GDM in the present study is
approximately the same (29.2 %) as reported in a study
conducted by similar methodology (hospital-based) in
Ahvaz, Iran [4, 32].

@ Springer

GDM and maternal pre-pregnancy obesity and gesta-
tional weight gain separately are associated with adverse
pregnancy outcomes, and their combination has additional
impact on the pregnancy outcomes [33, 34]. However,
diabetes management by dietary modification and insulin
treatment significantly reduce the risk for adverse effects
including preeclampsia, eclampsia, cesarean delivery,
macrosomia, and etc. [34].

In addition, risk of developing metabolic syndrome
following pregnancy with GDM increases 2.4-fold com-
pared to normal pregnancy [35]. The risk of development
of type 2 diabetes following GDM in pregnancy increases
by higher BMI, family history of diabetes, nonwhite eth-
nicity, and advanced maternal age [9]. However, the risk
for future diabetes development can be modified using
multimodal postpartum lifestyle interventions [36].

In our study, there was a significant association between
pre-pregnancy BMI and GDM. Results showed that
maternal pre-pregnancy obesity is an independent predictor
of GDM. Previous studies also confirmed this finding
[37-39]. Torloni et al., in their meta-analysis, showed that
the risk of developing GDM in overweight women was
almost twice and in obese women four times more com-
pared to normal-weight women [40]. A study by Singh
et al., found that odds ratio for developing GDM for each
1 kg/m? increase in BMI was 1.08 and for each 5 kg/m?
increase was 1.48 [41]. Also, Roman and their colleges
concluded that increasing BMI in women with GDM sig-
nificantly aggravates maternal and neonatal outcomes [42].

Although we found a significant association between
gestational weight gain and GDM, after adjusting for
confounding factors it changed to non-significant. In our
study, gestational weight gain was lower in GDM group
compared to that in the normal pregnancy group. This low
gestational weight gain in GDM group may be explained
by dietary modification and low calorie intake for better
glycemic control. This finding is different from other
studies that have indicated excess weight gain in pregnancy
as a risk factor for GDM [1]. Previous studies found that
maternal obesity, gestational weight gain, and diabetes are
independent risk factors for newborn macrosomia [43—45].
In our study, only two newborns had birth weight greater
than 4000 g and three newborns had birth weight equal to
4000 g. The mean birth weight of neonates was not sig-
nificantly different between the two study groups. This may
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be explained by proper glycemic control in GDM group
that reduces the risk of macrosomia. This relation was not
assessed in our study because there were a few numbers of
neonates with macrosomia (only five newborns) in this
study.

Lack of assessment of neonatal outcomes was the main
limitation of our study. Another limitation of this study is
hospital-based method of the study that caused finding
higher incidence rate of GDM in our study.

Future studies with greater sample size and assessment
of maternal and fetal outcome are suggested.

Conclusion

Based on the results, women with pre-pregnancy high BMI
and obesity are at increased risk for developing GDM.
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