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A B S T R A C T

Background: Gestational diabetes mellitus (GDM) is a metabolic disorder defined as glucose intolerance with the onset or first 
recognition during pregnancy. Women with GDM are at increased risk for adverse obstetric and perinatal outcome. The complications 
associated with GDM can be prevented by early recognition, intense monitoring and proper treatment. Aims: The present study was 
done to screen the high-risk pregnancy group for GDM, to find the incidence of abnormal results on screening and to correlate the 
abnormal results with the maternal and fetal outcomes. The study was done in a tertiary care hospital and teaching institute. It was 
a prospective cohort study. Materials and Methods: Selective screening for GDM was done in 150 pregnant women with high-risk 
factors. Screening was done with 50 g glucose challenge test (GCT) after 18 weeks, and if GCT was negative then the test was 
repeated after 28 weeks of pregnancy. The patients who were having an abnormal GCT were subjected to 100 g oral glucose tolerance 
test (OGTT). All GDM patients were followed up and treated with diet and/or insulin therapy till delivery to know maternal and fetal 
outcomes. The period of study was from April 2008 to March 2009. Results: 7.3% of study population was OGCT positive. 6% of 
the study population was OGTT positive. Age >25 years, obesity, family history of DM, and past history of GDM were the risk factors 
significantly associated with GDM. One newborn had hypoglycemia and one had hyperbilirubinemia. The fetal and maternal outcome 
in GDM patients was good in our study due to early diagnosis and intervention. Conclusion: Women with GDM are at an increased 
risk for adverse obstetric and perinatal outcome. The increased morbidity in GDM is preventable by meticulous antenatal care. 
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Introduction 

Gestational diabetes mellitus (GDM) is defined as any 
degree of  glucose intolerance with the onset or first 
recognition during pregnancy, with or without remission 
after the end of  pregnancy.[1] India leads the world with the 
largest number of  diabetic subjects, earning the dubious 
distinction of  “the diabetes capital of  the world.”[2] 

It was estimated to have had 31.7 million people having 
diabetes in the year 2000, which is projected to be 79.4 
million by the year 2030.[3] GDM is important in that 
it poses a risk to the pregnant woman and her baby. 
GDM is associated with increased incidence of  maternal 
hypertension, pre-eclampsia, obstetric intervention and 
risk of  developing diabetes mellitus (DM) in later life.[4] 

The major morbidities associated with infants of  diabetic 
mothers include respiratory distress, growth restrictions, 
polycythemia, hypoglycemia, congenital malformations, 
hypocalcemia and hypomagnesemia.[5] Perinatal outcome 
associated with poor glycemic control in mothers is 
associated with as high as 42.9% mortality.[6] Appropriate 
diagnosis and management of  GDM can improve maternal 
and perinatal outcome.

Despite more than 40 years of  research, there is no 
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consensus regarding the optimal approach to screening 
for GDM. The major issues include whether universal 
or selective screening should be used and which plasma 
glucose level after a 50 g glucose test threshold is the best to 
identify women at risk of  GDM.[7] The American Diabetes 
Association (ADA), Australasian Diabetes in Pregnancy 
Society (ADIPS) and the fifth International Workshop-
Conference on Gestational Diabetes recommendations 
acknowledge that there are variable levels of  risk for GDM 
and, consequently, selective rather than universal screening 
can be considered.[8-10] Selective screening both reduces costs 
and, for women deemed not to need screening, eliminates 
the minor physical inconvenience of  the procedure and 
any anxiety raised by the possibility of  suffering diabetes. 
The present study was undertaken to find the prevalence 
of  GDM in the high-risk group attending a tertiary care 
teaching institute in Karnataka, India. Pregnant women 
were categorized as high risk according to the criteria shown 
in Table 1.[8,9] The maternal and fetal outcomes of  mothers 
with GDM were also studied.

Materials and Methods

This study was carried out from April 2008 to March 2009 
at a tertiary care teaching institute in Karnataka, India. A 
detailed history was obtained from each expectant mother 
attending the hospital. Out of  1210 women delivered during 
this period, 150 were categorized as high risk and included 
in our study according to the criteria shown in Table 1.[8,9] 

The exclusion criteria included history of  pregestational 
diabetes (overt diabetes)/cardiac/respiratory/hepatic and 
other medical disease and history of  intake of  drugs that 
affect glucose metabolism like corticosteroids. The high-
risk women were screened for gestational diabetes with  
50 g glucose challenge test (GCT) after 18 weeks, and if  
GCT was negative, then the test was repeated after 28 weeks 
of  pregnancy. The patients who were having an abnormal 
GCT were subjected to oral glucose tolerance test (OGTT). 
All GDM patients were followed up and treated with diet 
and/or insulin therapy till delivery to know maternal and 
fetal outcomes.

Consent and ethical approval
This study was approved by the institutional ethics 
committee. Informed consent was taken from the patient.

Method of performing glucose challenge test
This test was performed as a routine OPD procedure. Fifty 
grams of  glucose was dissolved in 200 ml of  water and the 
patient was asked to drink it within 5 minutes. The time was 
noted and the patient was asked to come back after an hour 
for the test. A capillary blood specimen was obtained and 
tested for blood sugar levels by glucometer. If  the blood 
sugar levels were greater than 140 mg %, the screening test 
was considered positive and these patients were subjected 
to OGTT to confirm the diagnosis of  gestational diabetes.

Method of performing oral glucose tolerance test
Initial blood sample was taken after 8–14 hours of  fasting 
and the patient was asked to drink 100 g glucose dissolved 
in 200–400 ml water within 5 minutes. Blood samples were 
taken at 1, 2 and 3 hours. The plasma glucose concentration 
was considered normal if  it was below 95 mg/dl – fasting, 
180 mg/dl – 1 hour, 155 mg/dl – 2 hours and 140 mg/
dl – 3 hours. A patient was considered to have gestational 
diabetes if  two or more values were met or exceeded.

Statistical analysis
Results were expressed as number and percentages. Z 
test for proportions was used for comparing GDM and 
control. Two-tailed P values <0.05 were considered to be 
significant. The sensitivity, specificity and positive and 
negative predictive values for the risk factors significantly 
associated with GDM were calculated.

Results

Out of  150 high-risk patients, 7.3% (n = 11) had positive 
GCT screening test and 6% (n = 9) had positive OGTT. 
Table 2 shows the comparison of  age in the GDM and 
non-GDM population. The mean age of  patients in the 
study population was 22.5 years. 88% of  the population 
were in the age group 21–30 years. 31.3% of  the study 
population belonged to the high-risk group of  more than 
25 years. Table 3 shows the comparison of  prevalence 
of  risk factors in GDM and non-GDM population. Past 

Table 1: Inclusion criteria
One hundred fifty women with singleton or multiple gestations with 
two or more high risk factors for GDM between 24 and 28 weeks of 
gestation
a.	 Age > 25 years
b.	 Family history of type 2 DM
c.	 Obesity (BMI > 27 kg/m2)
d.	 History of GDM in previous pregnancy
e.	 Previous adverse pregnancy outcome
f.	 Glycosuria

Table 2: Comparison of age distribution of gestational 
diabetes mellitus and non-Gestational diabetes mellitus 
population
Age group (years) GDM (n = 9) Non-GDM (n = 141)
≤20 0 15
21–25 1 89
25–30 1 44
>30 7 0

GDM: Gestational diabetes mellitus
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history of  fetal loss was the most common high-risk factor 
observed in the non-GDM population, whereas obesity was 
the commonest risk factor in the GDM population. Family 
history of  DM, past history of  GDM, age >25 years and 
obesity were significantly associated with GDM. Table 4 
shows the sensitivity, specificity, positive and negative 
predictive values of  risk factors significantly associated with 
GDM. Family history of  GDM, age >25 years and obesity 
had a high sensitivity and negative predictive value. Out of  
nine cases of  GDM, only one baby had hyperbilirubinemia 
and one had hypoglycemia. Hyperbilirubinemia was defined 
as treatment with phototherapy after birth, or at least 
one laboratory report of  bilirubin level ≥20 mg/dl, or 
readmission to the hospital for hyperbilirubinemia. Clinical 
hypoglycemia was diagnosed on the basis of  treatment 
with intravenous glucose infusion or low levels of  glucose, 
defined as <30.6 mg/dl in the first 24 hours after delivery 
or 45 mg/dl glucose after the first 24 hours. Two patients 
with GDM had lower segment caesarean section (LSCS) 
the indication being previous LSCS. Overall, the maternal 
and fetal outcomes in our study were excellent.

Discussion

DM in pregnancy has severe consequences for perinatal 
morbidity and mortality. GDM prevalence has been reported 
variably from 1.4 to 14% worldwide and differently among 
racial and ethnic groups.[11] Compared to European women, 
the prevalence of  gestational diabetes has increased 11-fold 
in women from the Indian subcontinent.[1] Das et al., in their 
study of  300 women, found 61 with positive screening. 
Out of  them, 12 were diagnosed as gestational diabetes. 
Among the 12 gestational diabetics, 10 (9.4%) belonged 
to high-risk group.[12] Bhattacharya et al., Maheshwari  
et al., and Kummar et al. found the incidence of  gestational 
diabetes in high-risk group to be 8%, 4.9% and 5.5%, 
respectively.[13-15] Similarly, in our study, the incidence of  
gestational diabetes in high-risk group was found to be 6%. 
Various aspects of  patient’s medical history, family history 
and obstetric history have been advocated as a means of  
identifying population at risk for gestational diabetes. This 
group deserves diagnostic testing. 50 g GCT was found be 

very sensitive in the detection of  gestational diabetes in 
high-risk group. Coustan et al. found that current American 
College of  Obstetricians and Gynaecologists (ACOG) 
recommendations result in a sensitivity of  65%.[16] We 
found that 9 out of  11 (i.e. 81.8%) patients with positive 
GCT had GDM. Kini et al. opined that 50 g GCT should 
be repeated in 3rd trimester as it yields a large number of  
gestational diabetics.[17] Due to the simplicity, acceptibility, 
sensitivity and cost effectiveness of  GCT, it is the best 
screening method to detect GDM in high-risk group.

Multiple studies support the idea that GDM appears 
more frequently in pregnancy after age 30 because of  
age-related metabolic changes and it is rare before age 
20. The confluence of  conditions more commonly seen 
at older ages – such as pregnancy-induced hypertension, 
increased body mass, and dyslipidemias – increases DM 
risk, as supported by Etchegoyen et al., and Cárdenas and 
Arroyo in Peru.[18,19] Similarly, in our study, seven patients 
with GDM were more than 30 years of  age. Family history 
of  DM was present in 77.7% of  our cases, which concurs 
with the results from a study done by Gomez et al. in 180 
pregnant diabetic women.[20] Das et al. found that 14.3% of  
women with GDM had family history of  DM.[12] Obesity as 
a significant risk factor for GDM is supported by several 
studies finding that overweight or obesity at the start of  
pregnancy predispose to GDM. Das et al. and Gomez 
et al. found that 25% and 50% of  women with GDM 
had obesity.[12,20] This may be due to increased demands 
on maternal metabolism during pregnancy from excess 
weight, resulting in imbalances in hormonal carbohydrate 
regulation mechanisms, and insulin sensitivity. Weight 
distribution also seems to play a role because Zhang et al. 
found that the risk of  GDM was increased with truncal 
obesity.[21] We found obesity as a risk factor in 88.89% of  
GDM patients. Our study shows that 6 (66.67%) of  the 
diabetic mothers had previous fetal or early neonatal deaths, 
this being one of  the reasons (as documented in their case 
notes) for referral of  some of  them to our center. This 
re-emphasizes that diabetes still contributes significantly 

Table 4: Sensitivity, specificity, positive and negative 
predictive values of the risk factors significantly 
associated with gestational diabetes mellitus
Risk factors Sensitivity 

(%)
Specificity 

(%)
Positive 

predictive 
value (%)

Negative 
predictive 
value (%)

Age > 25 
years

98 69 16 98

Family h/o 
DM

78 63 12 98

Obesity 98 69 16 99
Past h/o 
GDM

11 94

DM: Diabetes mellitus, GDM: Gestational diabetes mellitus

Table 3: Comparison of prevalence of risk factors in 
GDM and non-GDM populations
Risk factors Non-GDM (n = 141) 

(%)
GDM (n = 9)  

(%)
P value

Age > 25 years 44 (31.2) 8 (88.89) <0.05
Family h/o DM 53 (37.6) 7 (77.7) <0.05
Obesity 44 (31.2) 8 (88.89) <0.05
Past h/o GDM - 1 (11.1) <0.05
Past h/o fetal loss/
premature baby

121 (80.7) 7 (77.7) 0.38

GDM: Gestational diabetes mellitus
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to perinatal and neonatal mortality in our environment. 
Neonatal hypoglycemia is much more common in infants 
born to GDM mothers (30–50%) as compared to the 
ones born to normal mothers (0.5–4%).[22] Maternal 
hyperglycemia with increased placental glucose transfer 
to the fetus and the resultant fetal hyperinsulinemia from 
fetal B-cell hyperplasia results in neonatal hypoglycemia 
after umbilical cord clamping. In addition, decreased 
hepatic glucose production and diminished ability to use 
glycogen in the first hour of  life predisposes these infants 
to hypoglycemia.[23] We found hypoglycemia in only one 
baby (11.1%) born to mother with GDM. In contrast to 
our study, Opara et al. found hypoglycemia in 63.8% of  
babies born to mothers with diabetes.[5] Hyperbilirubinemia 
is common in infants of  women with GDM, complicating 
up to 20% of  these births as compared with 10% of  the 
general population. The exact cause of  this is not well 
understood, but theories include excessive RBC breakdown 
in association with polycythemia and the result of  an 
immature bilirubin conjugation by liver in the neonate.[22,24] 

Opara et al. found neonatal hyperbilirubinemia in 57.4% 
of  cases in contrast to our study where only 1 (11.1%) 
baby born to GDM mother had jaundice.[5] Asymptomatic 
hypocalcemia was seen in one baby born to GDM mother. 
Several studies have reported hypocalcemia in babies 
born to diabetic mothers.[25,26] Tsang et al. advanced the 
hypothesis that hyperparathyroidism of  diabetic mothers 
might suppress the fetal parathyroid function and lead to 
hypocalcemia of  the newborn.[27]

None of  our babies had other adverse outcomes related to 
diabetes, like macrosomia, respiratory distress syndrome, 
polycythemia, preterm delivery, congenital anomalies or 
stillbirth. The high rates of  these neonatal complications 
have been identified as a marker of  poor glycemic control 
in the mother. The major congenital malformations 
include caudal regression, situs inversus, spina bifida, 
hydrocephalus, anencephaly, cardiac anomalies and renal 
anomalies. The increased risk of  severe malformations 
is the consequence of  poorly controlled diabetes, both 
preconceptionally and early in pregnancy.[7] Higher perinatal 
mortality rate in uncontrolled gestational diabetes has 
been reported previously. However, among our diabetic 
patients, there was no perinatal mortality and no congenital 
malformation in the fetus. LSCS was done in only two 
cases of  GDM population, the indication being previous 
LSCS. The excellent fetal and maternal outcome in our 
study was possible due to early diagnosis and intervention 
in our GDM patients. 

Conclusion

Women with GDM are at an increased risk for adverse 

obstetric and perinatal outcomes. Age >25 years, obesity, 
family history of  DM, and past history of  GDM are 
significant risk factors in GDM population. Good maternal 
and fetal outcomes result from early and meticulous 
prenatal and intranatal care as seen in our study. Although 
eradication of  GDM is impossible, we can definitely prevent 
its adverse effects on pregnancy outcome. Treatment of  
GDM prevents future DM in the mother and also acts as 
prevention for future DM in the unborn child.[28,29] Opening 
of  maternal–infant centers with standard protocols for 
prevention and treatment of  diabetes in pregnancy on a 
national scale will go a long way in reducing the scourge of  
this condition. With effective screening and management 
of  GDM, from “the diabetes capital of  the world,” we (INDIA) 
can lay claim to be the “diabetes care capital of  world.”[2]
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