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Aim: To describe the clinical profile, maternal and fetal outcomes, and the conversion rates to diabetes in women with gestational
diabetes mellitus (GDM) seen at a tertiary care diabetes center in urban south India. Materials and Methods: Clinical case records
of 898 women with GDM seen between 1991 and 2011 were extracted from the Diabetes Electronic Medical Records (DEMR) of a
tertiary care diabetes center in Chennai, south India and their clinical profile was analyzed. Follow-up data of 174 GDM women was
available. To determine the conversion rates to diabetes, oral glucose tolerance test (OGTT) was done in these women. Glucose
tolerance status postpartum was classified based on World Health Organization (WHO) 2006 criteria. Results: The mean maternal
age of the women was 29 + 4 years and mean age of gestation at first visit were 24 + 8.4 weeks. Seventy percent of the women had a
family history of diabetes. Seventy-eight percent of the women delivered full-term babies and 65% underwent a cesarean section. The
average weight gain during pregnancy was 10.0 + 4.2 kg. Macrosomia was present in 17.9% of the babies, hypoglycemia in 10.4%,
congenital anomalies in 4.3%, and the neonatal mortality rate was 1.9%. Mean follow-up duration of the 174 women of whom outcome
data was available was 4.5 years. Out of the 174, 101 women who were followed-up developed diabetes, of whom half developed
diabetes within 5 years and over 90%, within 10 years of the delivery. Conclusions: Progression to type 2 diabetes mellitus (T2DM)
in Indian women with GDM is rapid. There is an urgent need to develop standardized protocols for GDM care in India that can improve
the maternal and fetal outcomes and help prevent future diabetes in women with GDM.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is defined as
carbohydrate intolerance of any severity identified for
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the first time during pregnancy."” Though this definition
uniformly detected and classified GDM, its limitations
have been known for many years. In 2008-2009, the
International Association of Diabetes and Pregnancy
Study Groups (IADPSG), an international consensus
group with representatives from multiple obstetrical and
diabetes organizations, including the American Diabetes
Association (ADA), recommended that high-risk women
found to have diabetes at their initial prenatal visit, using
standard criteria, receive a diagnosis of overt, and not
gestational diabetes.” India has the second largest number
of people with diabetes in the world (62.4 million) and
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this number is expected to reach 100 million by the year
2030.1*1 Rapid changes in lifestyle including unhealthy diet
and physical inactivity may have contributed to this rise in
prevalence of diabetes in general with a parallel increase
in the rates of GDM.!

The prevalence of GDM is reported to vary widely from
3.8 to 21% in different parts of India depending on
the geographical location and on the diagnostic criteria
used.”? GDM has been associated with neonatal morbidity
and mortality, including macrosomia, shoulder dystocia,
other birth injuries, and neonatal hypoglycemia, in addition
to congenital anomalies and still births."™" Further, the
offspring are potentially at a higher risk of developing
childhood obesity later in life.l'*"!

Women with GDM have higher rates of cesarean deliveries
and pregnancy-induced hypertension.'*"*! Evidence
suggests that a large percentage of these women are at a
higher risk of developing type 2 diabetes mellitus (T2DM) in
the future.'” Despite high rates of morbidity, most women
remain asymptomatic for the duration of their pregnancy
and GDM goes unnoticed until a routine screening of
blood sugar is carried out. Hence, it is recommended
that all pregnant women undergo screening for GDM at
24-28 weeks of gestation.l"”l There are several reports of
GDM from India,®” but few reports on outcomes or on
development of diabetes postpartum.!'”'*l

The objectives of this study were to describe the clinical
profile, maternal and fetal outcomes, and conversion rates
to diabetes in women with GDM seen at a tertiary care
diabetes center in urban south India.

MATERIALS AND METHODS

In this retrospective clinic-based study, clinical case records
of 1,003 pregnant women seen between the year 1991 and
2011 at Dr. Mohan’s Diabetes Specialties Centre (DMDSC),
a tertiary diabetes center at Chennai in south India,
were extracted from the Diabetes Electronic Medical
Records (DEMR). The DEMR database at DMDSC
connects data of 15 centers/clinics of DMDSC in different
areas in southern India and has been used as an effective
tool to improve diabetes care and research."’

Study variables collated from the DEMR for this study
included demographic profile (name, age, and contact
information), clinical profile (family history, age of onset
of diabetes, last menstrual period, and expected date of
delivery), anthropometric measurements (height, weight,
body mass index (BMI)), biochemical investigations (oral
glucose tolerance test (OGTT) and glycated

hemoglobin (HbA1C)), and the treatment regimen (diet/
exercise/oral hypoglycemic agents/insulin).

After excluding preexisting diabetes and impaired glucose
tolerance cases, normal glucose tolerance and cases with
incomplete data, 898 women with GDM were included
in our study. Unfortunately only 174 women (19.3%)
could be followed-up to determine maternal and neonatal
outcomes [Figure 1]. One possible explanation for this
could be that as ours being a tertiary referral center
for diabetes with no obstetric unit, women tend not to
follow-up with us postpartum. Another common problem
in India is that women generally go back to their maternal
homes for delivery which maybe in another city and hence
determining pregnancy outcomes becomes difficult. Yet,
we have attempted to report pregnancy outcomes in a small
cohort of women, whom we were able to trace and collect,
follow-up details from.

Anthropometric and biochemical measurements
During the first visit, a complete medical history was
elicited, including history of any past or current illnesses,
dietary patterns, and family history of diabetes as well as
current medications. Physical examination included height
and weight measurement using standardized techniques.
Height was measured in centimeters using a stadiometer
and weight in kilograms using an electronic scale. BMI was
calculated as weight (kg) divided by height (m) squared.

A fasting blood sample was obtained after an overnight
fast of at least 8 h. Participants whose diabetes status
had previously been confirmed were given a standard
south Indian breakfast and a venous blood sample was
drawn after 90 min for the postprandial glucose sample.
In all others an OGTT using 100 g glucose load were
done and were diagnosed using the earlier Carpenter and
Coustan critetia adopted by the ADA.P" HbA1C and serum
fructosamine were also carried out.

Subjects in whom GDM was diagnosed were given
treatment at the center. The vast majority of those not
controlled with diet and exercise, received insulin. In a few
cases, who were already on oral drugs (metformin) and were
doing well this treatment, it was continued.

The follow-up periods varied from 6 weeks to several years
and the mean follow-up duration was 4.5 years. In women
who could be followed after delivery to determine progression
to diabetes, an OGTT was done using 75 g glucose load.

Plasma glucose (glucose-oxidase peroxidase method) was
estimated using a Hitachi—912 Autoanalyzer (Hitachi,
Mannheim, Germany). HbAlc was measured by high
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Retrospective clinic based study
between 1991 and 2011

!

Exclusion Criteria:
1. Preexisting diabetes f = 42)

Reviewed 1,003 pregnant women

v

2. Preexisting impaired glucose
tolerance (n = 19)

3. Normal glucose tolerance (n= 10)

4. Incomplete data(n = 34)

Total 898 cases

}

Demographic profile, clinical profile,
anthropometric measurements,
biochemical investigations and the
treatment regimen

Figure 1: Flow chart of patient selection

performance liquid chromatography (HPLC) using
Variant machine (Bio-Rad, Hercules, CA). The intra- and
interassay coefficients of vatiation (CV) for the biochemical
assays ranged from 3.1 to 7.6%. Serum fructosamine was
measured using Beckman coulter AU480 and AU2700
analyzer. HbA1C was measured by HPLC (Bio-Rad Variant,
Bio-Rad, Hercules, California, USA). All biochemical
investigations were done at DMDSC laboratory, which is
certified by the College of American Pathologists (CAP)
and the National Accreditation Board for Testing and
Calibration of Laboratories (NABL).

Definitions

Obesity was defined as those who had a BMI = 25 kg/m?
and overweight as those who had a BMI = 23 kg/m?
based on World Health Organization (WHO) Asia Pacific
guidelines.” This classification was used for nonpregnant
adults, that is, during the follow-up period.

For assessing obesity during pregnancy, in 2013, the
Institute of Medicine (IOM) published revised pregnancy
weight gain guidelines that are based on pre-pregnancy
BMI ranges recommended by the WHO. These ranges
are independent of age, parity, smoking history, race, and
ethnic background. The revised IOM recommendations
define normal weight as a BMI of 18.5-24.9, overweight
as a BMI of 25-29.9, and obesity as a BMI of 30 kg/m?
ot greatet.” This IOM criteria was used to assess obesity
during pregnancy.

Gestational diabetes mellitus

Since the study was based between 1991 and 2011, the
older ADA criteria were used to diagnose diabetes in which
samples were drawn at 1 h (1 h PG), 2 h (2h PG), and 3

Follow-up data available
(n=174)

A

h (3 h PG) after ingestion of the glucose load of 100 g

using cut points recommended by Carpenter and Coustan
and adopted by ADA."!

Glucose tolerance status post delivery

The WHO criteria for nonpregnant adults was used
for diagnosing diabetes and prediabetes, that is, for
diabetes; fasting plasma glucose (FPG) >126 mg/dl or 2
h PG >200 mg/dl and for prediabetes, impaired fasting
glucose (IFG); FPG between 110 and 125 mg/dl and/or
impaired glucose tolerance (IGT); and 2 h PG between
140 and 199 mg/dL">!

Macrosomia
The Indian consensus is that a new born weighing >3.5 kg
should be considered as macrosomia.*¥

Statistical analysis

Statistical analysis was done in Statistical Package for the
Social Sciences (SPSS) software (version 15) and Microsoft
Excel 2007. Percent frequencies, means, and standard
deviations for quantitative vatriables were used wherever
necessary.

REsuLTs

Clinical and biochemical characteristics

The clinical profile of the GDM women is described in
Table 1. The mean maternal age was 29 * 4 years (range
19-42 years), mean gestational age at first visit was
24 + 8.4 weeks, and mean BMI was 28.6 = 4 kg/m?* While,
34.4% of the women were obese, 47.2% were overweight,
and only 18.4% had ideal body weight as per the IOM
guidelines,” Seventy percent of GDM women had a
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family history of T2DM, which included 49% with one
parent (either father or mother) having diabetes and 21%
with both parents having diabetes. Mean pregestational
weight and gestational weight in a subset of 120 women
in whom it was available were 65.7 = 13 and 71.3 £ 10.4,
respectively.

Table 2 shows the changes in HbA1C and serum
fructosamine values in a subset of the population in whom
the HbA1C and serum fructosamine values were available
at their first and last antenatal checkup (ANC) visit before
delivery. Mean HbAlc of the 272 women was found to
be 6.2% at first visit which improved to 6.0% by the last
ANC visit. The mean fructosamine at first visit was found
to be 219 + 37 wmol which improved to 197 & 25 umol
at last ANC visit.

Treatment

Among 893 women with GDM, 585 (65.5%) were treated
with insulin therapy, 280 (31.3%) were advised diet
modification and exercise therapy, and 28 women (3.2%)
were given oral hypoglycemic agents (metformin).

Mode of delivery

Seventy-two women (41.3%) underwent elective caesarian
delivery, 42 (24.1%) had emergency cesarean delivery,
53 (30.5%) had normal vaginal delivery, and seven (4.1%)
had induced vaginal delivery, which included assisted
delivery.

Table 3 presents the neonatal outcomes and complications
during delivery of the 174 women in whom outcome data
was available.

Progression to T2DM

Follow up OGTT data could only be obtained in 174/898
women (19.3%). Of these 174 women, 101 (58%)
developed T2DM postpartum and nine (5%) developed
IGT, while 64 (37%) reverted back to normal glucose
tolerance (NGT) [Table 4]. Of the 101 women who developed
diabetes, 58 women (56.3%) developed diabetes within
5 years, 35 (33.9%) within 5-10 years, and eight women (9%0)
10 years after delivery. Thus, 90.2% of conversion to T2DM
took place within 10 years after the delivery.

DiscussioN

This paper reports on the clinical profile, outcomes, and
conversion rate to diabetes in a large sample of women with
GDM scen at a tertiary diabetes care center in south India.

Several studies report a strong relationship between GDM

and advancing maternal age.”*l Prepregnancy weight is also

Table 1: Baseline demographic and clinical profile of
women with GDM (n=898)

Variables Mean (SD)
Age (years) 29+4.0
Gestation age at first visit (weeks) 24+8.4
Height (cm) 1565
Weight (kg) 69.8£10.9
BMI (kg/m?) 28.6+4.1
Fasting plasma glucose (mg/dl) 100£23
1 h plasma glucose (mg/dl) 205+40
2 h plasma glucose (mg/dl) 189+46
HbA1c (%) 6.2£1.0
Fructosamine (pmol) 214£30
Family history of diabetes, n (%) 616 (70%)

GDM: Gestational diabetes mellitus, SD: Standard deviation

Table 2: HbA1c and fructosamine values at first and last
ANC visits

n (%)
First ANC visit Last ANC visit

HbA1c (%) (1=272)

<6 (42 mmol/mol) 153 (56.2) 164 (60.2)
6.1-7.0 (43-53 mmol/mol) 62 (22.7) 80 (29.4)
7.1-8.0 (54-64 mmol/mol) 30 (11) 18 (6.6)
>8.0 (64 mmol/mol) 27 (9.9) 10 (3.6)
Fructosamine (n=392)

<200 (umol) 137 (35) 251 (64)
201-230 (umol) 145 (37) 101 (26)
231-260 (umol) 64 (16) 33 (8)
>260 (umol) 46 (12) 7 (2)

ANC: Antenatal checkup

an established risk factor for GDM.P" A positive correlation
between maternal weight and risk of GDM was observed in
studies by Seshiah ¢z 4/, and Chu ez a/P* In our study, neatly
half of the pregnant women were over 30 years of age and
81% were obese and 12% were overweight. Some studies
have also attributed the risk of adverse outcomes associated
with GDM to confounding characteristics such as obesity
and advanced maternal age of women with GDM.”*! The
Hyperglycemia and Adverse Pregnancy Outcome (HAPO)
study showed that lifestyle factors and obesity contribute
significantly to the increasing incidence of GDM.I" Hence,
targeting overweight women in the population with lifestyle
intervention program may help prevent GDM.

There is also an important association between family
history of T2DM and GDM." In our study, 70% of women
with GDM had family history of T2DM which is higher
compared to earlier studies.

Goldman e al.,”" reported cesarean section rates of 35.3%
in women with GDM in United States with similar reports
from Casey ez a/!"" Along with the parallel increase in GDM,
these rates have also increased over the years with 65.2%
women in the present study undergoing a cesarean section.'!
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Table 3: Outcomes and neonatal complications (n=174)

Number (%)

Outcomes*

Term live birth 135 (77.5)

Preterm live birth 19 (11)

Still birth 5(2.8)

Spontaneous abortion 15 (8.7)
Birth weight

<2.5kg (18.9)

2.5-3.5kg 110 (63.2)

>3.5 kg 3(17.9)
Neonatal complications

Neonatal hypoglycemia 22 (10.4)

Congenital anomalies 9 (4.3)

Perinatal and neonatal mortality 4 (1.9)

Table 4: Rate of conversion to diabetes mellitus among
GDM women

Status after Number  Duration of follow up  Number
delivery (%) (in years) (%)
Diabetes 101 (58) <5 58 (56.3)
5-10 35(33.9)
10-15 7 (6.8)
>15 1(2.9)
IGT 9 (5) <5 4
5-10 5
10-15 -
>15 -
Normal GTT (NGT) 64 (37) <5 41
5to 10 21
10 to 15 1
>15 1

GTT: Glucose tolerance test, GDM: Gestational diabetes mellitus, NGT: Normal
glucose tolerance

As reported in other studies,!"**? macrosomia and perinatal
mortality were the predominant adverse pregnancy
outcomes. The neonatal complications are more than
that reported in other studies. Higher maternal age (mean
maternal age was 29 £ 5) could be hypothesized as the
cause to GDM and subsequent conversion to diabetes,
which is seen in our study. While macrosomic infants are
at an increased risk of developing T2DM, hypertension,
and obesity later in adulthood; low birth weight infants,
when exposed to excess food and sedentary lifestyle later
in life (catch up growth) also develop T2DM. This has
been elucidated by Barker and colleagues in their thrifty
phenotype hypothesis.” I Therefore, curtailing excess
weight gain during childhood is equally important to
prevent diabetes.

Due to its poor sensitivity in diagnosis of GDM, very
few studies have examined the role of HbA1C during
pregnancy.’*" Our study showed that the mean HbA1C
level in women with GDM at diagnosis during different
trimesters was 6.2 £ 1.0%, which decreased to 6.0 £ 1%
by the last ANC visit. As many women visited the clinic
only in their second and third trimester there might not

have been enough time for a further reduction in HbAlc to
be demonstrated. Finally, some patients initially diagnosed
with GDM were subsequently deemed to have type 1
diabetes which could explain higher than expected HbA1c’s
values.

Apart from HbA1C, we also monitored serum fructosamine
values during pregnancy as it is an index of control of
glucose over a 2-3 week’s period. Salemans ez a/.,* identified
fructosamine as a more sensitive test to detect abnormal
glucose tolerance in GDM than HbAlc because it is an
index of shorter term diabetes control. We found that the
difference in mean HbA1C between first visit and last ANC
visit was only 0.2%, but that of the mean fructosamine
between the visits was 22 tmol (10% decrease). During
pregnancy when hormonal changes cause fluctuation in
blood glucose concentrations, estimation of fructosamine
levels could be a useful test to monitor diabetes control
as it reflects average blood glucose levels of shorter
duration (2-3 weeks).P! Also according to Seshiah
et al., (2008) serum fructosamine, though not a useful
screening test, could still be used to assess short-term
maternal diabetes control during pregnancy.” Use of this
test as an alternative for HbAlc for managing GDM in our
population where iron deficiency anemia is very common

during pregnancy™! needs to be investigated further.!*'*

We found that the conversion to T2DM occurred even
within 5 years post-delivery in many women, and by
10 years, most women who would convert to diabetes had
already done so. It is possible that these rates are higher
because those who were at higher risk only came for the
follow-up checkup. Other reports have also shown that
women with GDM have a 17-63% risk of T2DM within
5-16 years.* Studies have also shown that women with
GDM as well as their children are at a greater risk of
developing future T2DM.*!

There are several limitations to our study. First, it is a
clinic-based study, from a tertiary care diabetes center.
Second our center is not attached to any OBG/GYN clinic.
Thus, being a referral diabetes center, most women do
not come for follow-up regularly after the initial visit. For
the same reason, we could not obtain complete maternal
and fetal outcomes from all our GDM patients for the
cohort. However, the strength of the study are the fairly
large numbers of GDM women studied, the HbAlc
and fructosamine data and the follow-up data including
conversion to diabetes. This study also emphasizes the
need to strategize ways to follow up GDM women in India.

In conclusion, among those who came for follow-up, almost
60% women in India with GIDM seen at our center progress to
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T2DM within 5 years and >90%, within 10 years, post-delivery.
This study emphasize the need for not just prevention,
but also for developing evidence based cost-effective and
accessible models of care for all women with GDM. Such a
model called Women in India with GDM Strategy (WINGS)
is currently under evaluation at our center and is supported
by the International Diabetes Federation (IDF).M! This
model plans to focus on management of GDM right from
diagnosis, treating complications, ensuring a safe delivery, and
preventing or delaying progression to T2DM.
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