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Abstract
The prevalence of gestational diabetes has been reported as 17.9% in Tamil Nadu. Women with GDM are at a higher risk of 
developing pregnancy complications and adverse outcomes. This study was conducted to look at various outcomes of infants 
of diabetic mothers to enable better management and focus on prevention. This was a hospital-based non-concurrent cohort 
study. Women diagnosed with gestational diabetes using the IADSPG guidelines were identified and the outcomes of their ne-
onates were studied. The association between various factors and poor outcomes was estimated using the Chi-square test and 
odds ratio. The prevalence of GDM was 24.2%, with an increase in maternal age and obesity. LGA (Large-for-Gestational-Age) 
babies were more in the group with diabetes. This was statistically significant with both GDM (RR 3.39) and Pregestational di-
abetes (RR 8.93). Among the neonates with GDM or pregestational diabetes, the RR for perinatal asphyxia was 0.98 (0.61–1.58) 
and 2.07 (0.52–8.28), respectively. There were more neonates with hypoglycemia as well as jaundice in the groups being treat-
ed with drugs. The risk of neonatal complications increases when diabetic women are on drugs for glycemic control than those 
on a diet alone. Our study’s overall incidence of neonatal complications was lower than most studies.
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Introduction

Diabetes is a major public health problem. The 
world health organization (WHO) has predicted that 
between 1995 and 2025, there will be a 35% increase in 
the worldwide prevalence of diabetes [1]. In India, with 
prevalence rates reported to be between 4.6% and 14% 
in urban areas and 1.7% and 13.2% in rural areas [2], 
has an estimated 62 million people with type 2 diabetes 
mellitus, which is expected to go up to 79.4 million by 
2025 [2]. It is not surprising to see a parallel increase in 
the prevalence of Gestational Diabetes mellitus (GDM), 
as 14% of all pregnancies have developed GDM and 
amounts to the vast majority of all cases of diabetes in 
pregnancy [3]. The prevalence of gestational diabetes 
has been reported at 17.9% in Tamil Nadu [4]. It is esti-
mated that about 4 million women are affected by GDM 
in India at any given time [5]. 

The landmark trial about hyperglycemia in preg-
nancy and adverse outcomes (HAPO) highlighted the 
continuous nature of the association between hyper-
glycemia and adverse fetal outcomes [6]. Women with 
GDM are at a higher risk of developing pregnancy 
complications and adverse outcomes, including infant 
macrosomia, neonatal hypoglycemia, low Apgar score 
and Caesarean delivery [7]. Poor maternal glycaemic 
control in the periconceptional period increases the 
risk of congenital malformations in cases of GDM [8] 
and women with diabetes in pregnancy (type 1, type 2 
and gestational) are at increased risk of adverse preg-
nancy outcomes. Adequate glycemic control before and 
during pregnancy is crucial in improving the outcomes 
[9]. It is well-established that the treatment of GDM re-
duces the risk of serious perinatal complications [10].

Management of diabetes in pregnancy and its com-
plications imposes a huge economic burden on society; 
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hence effective strategies are urgently needed to con-
trol this epidemic. There is insufficient data available 
on the outcome of IDMs, especially from developing 
countries. This study was conducted to compare vari-
ous outcomes among neonates born to pregnant wom-
en with diabetes and correlate the neonatal outcomes 
with various treatments (diet alone/OHA/insulin) in 
those women in a secondary hospital setting. This 
study aims at looking at various outcomes of infants of 
diabetic mothers to enable better management and fo-
cus on prevention.

Material and methods

This was a hospital-based non-concurrent cohort 
study. The Community Health department of Christian 
Medical College (CMC), Vellore, has been addressing 
the health issues of a rural block for more than 50 years 
and functions through community outreach clinics. 
Monthly doctor-run antenatal outreach clinics cover 
pregnant women in 82 villages. The program is sup-
ported by a 140 bedded secondary care hospital called 
Community Health and Development (CHAD). 

The study period was from August 2017 to March 
2020. We analyzed the information from all pregnant 
women who gave birth in the CHAD hospital. The 
study was approved by the Institutional review board 
Christian medical college (IRB Min no: 14056). 

Women underwent testing for GDM during antena-
tal clinic visits and were diagnosed using modified Inter-
national Association of Diabetes and Pregnancy Study 
Groups (IADPSG) criteria. In 2017, selective screening 
was followed, which meant that only those with high-
risk factors were tested for GDM. From 2018 onwards, 
universal screening for GDM was being followed. 

Women with GDM controlled with medical nutri-
tional therapy were induced past dates as other women 
with no risk factors. Those who were on oral hypogly-
cemic agents (OHAs) and had well-controlled sugars 
were induced after 39 weeks, while those who were on 
insulin were induced between 38 and 39 weeks if they 
had well-controlled sugars.

The weight of each baby and the gestational age 
was recorded. They were grouped as appropriate for 
gestational age (AGA), large for gestational age (LGA) 
and small for gestational age (SGA) following the inter-
growth 21 charts. 

Neonatal outcome variables that were included in 
the analysis: neonatal hypoglycemia (which was de-
fined as neonatal glucose ≤45mg/dl during the first 24h 

after birth [11], macrosomia (baby weighing >4 kg) [12], 
perinatal asphyxia, defined by a 5-min Apgar score <7, 
neonatal jaundice requiring treatment [13], maturity 
(Preterm <37 weeks), Congenital anomalies and neona-
tal deaths. Using the Chi-square test and odds ratio, the 
association between various factors and poor outcomes 
was estimated. 

Results

The total number of deliveries in CHAD during the 
study period from 1st July 2017 to 31st March 2020 was 
11,586. GTT or AC/PC was available for 6273 women dur-
ing this period, of which 1519 (24.2%) were detected to have 
gestational diabetes (GDM) and 67 (1.1%) were diagnosed 
with pregestational diabetes mellitus. GTT was done in 
5926 women and 279 were diagnosed based on an AC/PC 
and 68 were diagnosed in another hospital and referred.

Among the women with gestational diabetes and 
pregestational diabetes, there were 964 who were 
managed with medical and nutritional therapy alone, 
576 who needed oral hypoglycemic agents and 46 who 
needed insulin in addition to oral hypoglycemic agents.

In the age group less than 21 years, 87.1% of the 
women did not have GDM. This proportion decreased 
to 46.8% in the age group of more than 35 years. The 
Chi-square value for trends was significant, with a 
p-value of <0.001. As the gravidity increased, a high-
er number of women were detected with GDM as well 
as pregestational diabetes. The Chi-square value for 
trends was significant, with a p-value of <0.001. The 
proportion of women with GDM in the obese group was 
highest (33.5%) and a similar proportion (1.7%) in those 
with pregestational diabetes, with the Chi-square val-
ue for trends being significant with a p-value of <0.001. 
Table 1 is a description of the study population. 

Among the 6273 deliveries, there were 1242 (19.8%) 
Caesarean sections, of which 710 (12.4%) were primary 
Caesarean sections. Among the deliveries, 853 (13.6%) 
were instrumental deliveries and 31 were vaginal 
breech deliveries. Women with GDM, as well as those 
with pregestational diabetes, had a higher risk of un-
dergoing LSCS (Lower segment Caesarean section) 
compared to those with normal blood sugars. This 
was significant with the RR of 1.23 (1.1–1.37) and 2.34 
(1.76–3.09), respectively.

Between the mothers with GDM and those without 
GDM, the indications for primary LSCS (failed induc-
tion, failure to progress and CPD) were similar. Among 
the women with pre-gestational diabetes, there was a 
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higher proportion undergoing LSCS for failed induc-
tion (25%) compared to 16.3% in those without GDM 
and 18.1% among those with GDM.

Those who needed insulin, in addition to oral hy-
poglycemic agents for treatment, had a higher relative 
risk for a Caesarean section. (RR 2.28, 95% CI 1.67–3.12) 

Among the babies born, 445 (7.1%) were born pre-
term and 30 (0.5%) were born less than 32 weeks. Table 2 
shows the gestational age at delivery.

There were 876 (14%) babies born weighing less 
than 2.5 kg and 71 babies weighing more than 4 kg. 
The difference in the incidence of macrosomia among 
mothers with GDM or pregestational diabetes (1.9%) 
and those without GDM (0.9%) was statistically signif-
icant (p-value 0.002). There were 30 (0.5%) with very 
low birth weight and 834 (13.3%) with low birth weight.

The babies were then classified according to the 
intergrowth 21 charts. Small for gestation comprised 
6.5% of the births and 0.6% were large for gestation.

Large for gestational age babies were more in the 
group with diabetes (Table 3). This was statistically 
significant with an RR of 3.39 (1.74, 6.64) in those with 
GDM and an RR of 8.93 (2.1, 38.01) in those with preges-
tational diabetes.

While comparing those being managed with OHAs 
alone, there was no significant difference in growth in 
the groups, but when insulin was being used for man-
agement, there was a significant increase in the num-
ber of small for gestational age babies [RR2.51 (1.14, 
5.52)] as well as large for gestational age babies [RR 6.83 
(1.96-23.87)]; this is evident in Table 4.

Perinatal mortality increased in pregestational di-
abetes. This is statistically significant with a p-value of 
<0.001 (Table 5).

There were 3 (6.5%) perinatal deaths in the group 
being treated with insulin compared to 8 (1.4%) in the 
group being treated with oral hypoglycemic agents 
alone and 13 (1.4%) in the group only on MNT. Being 

Variable Category GDM No (%) Pregestational 
diabetes No (%) No GDM No (%) Total No (%)

Age group 
(n=6,273)

<21 years 108 (12.7) 2 (0.2) 740 (87.1) 850 (13.6)

21–25 years 503 (18.5) 14 (0.5) 2,196 (80.9) 2,713 (43.2)

26–30 years 622 (30.8) 25 (1.2) 1,373 (68) 2,020 (32.2)

31–35 years 238 (41.1) 15 (2.6) 326 (56.3) 579 (9.2)

>35 years 48 (43.2) 11 (9.9) 52 (46.8) 111 (1.8)

Gravida 
(n=6,273)

G1 689 (21.9) 19 (0.6) 2,434 (77.5) 3,139 (50)

G2 517 (25.7) 28 (1.4) 1,465 (72.9) 2,010 (32.1)

G3 & above 316 (28.1) 20 (1.8) 788 (70.1) 1,124 (17.9)

BMI (n=5,967)

Undernourished 
(<18.5) 7 (10.9) 0 (0) 57 (89.1) 64 (1.1)

Normal 
(18.5–24.99) 349 (17.6) 8 (0.4) 1,630 (82) 1,987 (33.3)

Overweight 
(25–29.99) 577 (24.9) 26 (1.1) 1,712 (74) 2,315 (38.8)

Obese (≥30) 536 (33.5) 28 (1.7) 1,037 (64.8) 1,601 (26.8)

Table 1: Description of study population.

Table 2: Maturity of the neonates

GDM status
Maturity

P-value RR (95% CI)
<37 weeks No (%) 37 weeks & above No (%)

No GDM (n=4,687) 306 (6.5%) 4,381 (93.5%) 1

GDM (n=1,519) 130 (8.6%) 1,389 (91.4%) 0.009 1.31 (1.08, 1.6)

DM (n=67) 9 (13.4%) 58 (86.6%) 0.041 2.06 (1.1, 3.81)
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treated with insulin significantly increases the risk of 
perinatal death [RR 4.84 (1.43–16.38)].

Among the neonates with GDM or pregestation-
al diabetes, the RR for perinatal asphyxia was 0.98 
(0.61–1.58) and 2.07 (0.52–8.28), respectively. Neonates 
born to mothers on drugs (OHA and INSULIN) had an 
increased risk of asphyxia as compared to those born to 
mothers on a diet alone with (OR 1.77–11.69) and a sig-
nificant p-value of <0.001.

Among the neonates being monitored postnatally, 
a significant number had hypoglycemia and clinical 
jaundice. This is shown in Table 6.

Among those neonates with clinical jaundice, bili-
rubin was checked for 2152 babies and there were more 

babies in the group with GDM and pregestational diabe-
tes who had hyperbilirubinemia [RR of 1.66 (1.29– 2.14) 
and 3.76 (2.26-6.25)].

There were more neonates with hypoglycemia as 
well as jaundice in the groups being treated with OHA 
as well as the combined OHA and insulin group when 
compared to those being treated with just MNT. These 
trends are statistically significant.

Among the neonates whose mothers had either 
GDM or pregestational diabetes, there were 17 (1.07%) 
with anomalies of which there were 4 (0.3%) neonates 
with CVS anomalies, 6 (0.4%) with CTEV, 1 with cleft 
lip/cleft palate, 1 with Downs syndrome, 1 with renal 
anomaly and 4 with other anomalies. Among neonates 

GDM status

Growth RR (95% CI) & P-value

Small for 
gestation 

No (%)

Large for 
gestation  

No (%)

Appropriate for 
gestation  

No (%)

Small for 
gestation vs. 

appropriate for 
gestation

Large for 
gestation vs. 

appropriate for 
gestation

No GDM 
(n=4,687) 328 (7%) 16 (0.3%) 4,343 (99.6%) 1 1

GDM (n=1,519) 74 (4.9%) 18 (1.2%) 1427 (92.7%) 0.7 (0.55, 0.89) 
(P-value=0.004)

3.39 (1.74, 6.64) 
(P-value<0.001)

DM (n=67) 6 (9%) 2 (3%) 59 (88.1%) 1.32 (0.61, 2.84) 
(P-value=0.461)

8.93 (2.1, 38.01) 
(P-value=0.025)

Table 3: Growth of the fetus.

Table 4: Growth in different groups of GDM.

GDM status

Small for 
gestation Large for gestation RR (95% CI) RR (95% CI)

Small for 
gestation  

No (%)

Large for 
gestation  

No (%)

Appropriate 
for gestation 

No (%)

Small for 
gestation vs. 

appropriate for 
gestation

Large for 
gestation vs. 

appropriate for 
gestation

Diet alone (n=954) 53 (5.5%) 10 (1%) 901(93.5%) 1 1

Diet & OHA (n=569) 21 (3.6%) 7 (1.2%) 548 (95.1%) 0.66 (0.40, 1.09) 1.15 (0.44, 3.00)

Diet, OHA & insulin  
(n=46) 6 (13%) 3 (6.5%) 37 (80.4%) 2.51 (1.14, 5.52)* 6.83 (1.96, 23.87)

Note: * – Statistically significant.

Table 5: Perinatal mortality.

GDM status
Perinatal outcome

P-value RR (95% CI)
Perinatal death No (%) Live No (%)

No GDM (n=4,687) 65 (1.4%) 4,622 (98.6%) - 1

GDM (n=1,519) 20 (1.3%) 1,499 (98.7%) 0.900 0.95 (0.58, 1.56)

DM (n=67) 4 (6%) 63 (94%) 0.016 4.31 (1.61, 11.48)
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whose mothers did not have GDM, there were 31 (0.6%) 
with congenital anomalies. There were 6 (0.1%) with 
CNS anomalies, 5 (0.1%) with CTEV, 4 each with cleft 
lip/cleft palate and gastrointestinal anomalies, 3 with 
renal anomalies, 2 with Downs syndrome, 1 with CVS 
anomaly and 6 with other anomalies.

Neonates of mothers with GDM/DM had a higher 
chance of being admitted to the nursery. 

Discussion

Globally, Gestational Diabetes Mellitus (GDM) is 
rising; it affects an estimated 15% of pregnant wom-
en [14]. Our group’s prevalence was 24.2%, which was 
higher than that reported by Seshiah et al. which was 
17% from the same region (Tamil Nadu). However, our 
study does not truly reflect that of the general popula-
tion as it is not a community-based study. Such high 
prevalence is also possibly because our setup is a sec-
ondary care hospital with referrals of high-risk moth-
ers from primary health centers.

Advanced maternal age is a known risk factor for 
GDM [15]. There was a significant difference and posi-
tive correlation in the prevalence of GDM with higher 
maternal age and higher gravidity (p<0.001). There was 
an increased risk of GDM in the obese group compared 
to the normal weight, which was correlated to a me-
ta-analysis where high maternal weight is associated 
with a substantially higher risk of GDM [15].

Among the diabetic women in our study, 19.8% un-
derwent a Caesarean section. This rate was similar to 
other studies where Caesarean delivery was strongly 
associated with diabetes in pregnancy [16, 17]. We found 
that women with GDM/pregestational diabetes had a 
significant risk of undergoing LSCS with RR (1.23/2.34) 
compared to nondiabetic women. 

Outcomes of neonate

Macrosomia and large for gestational age
The macrosomia incidence was higher in the dia-

betic group than nondiabetic. This was statistically sig-
nificant with both GDM (RR 3.39) and pregestational 
diabetes (RR 8.93). Findings from the Hyperglycemia 
and Adverse Pregnancy Outcomes study show a strong 
linear relationship between maternal glucose concen-
tration and large for gestational age (LGA) fetuses [6]. 

Preterm

Preterm deliveries were significantly higher in the 
diabetic group compared to non-diabetics (Table 2). The 
link between GDM and spontaneous preterm birth is still 
controversial. Hedderson et al., showed in a large cohort 
that GDM was an independent risk factor for spontane-
ous preterm birth [18]. On the other hand, Yogev et al. 
found that the rate of spontaneous preterm delivery was 
not increased in GDM compared to non-GDM patients 
[19]. Hence, we need further studies and a well-struc-
tured metanalysis to determine the association.

Hypoglycemia 

As mentioned in previous studies, the prevalence 
of hypoglycemic episodes in IDM is as high as 40% 
[20]. In our study, neonatal hypoglycemia was signifi-
cantly associated with both GDM and pregestational 
diabetes (p<0.001). Contrary to previous studies [21], 
the incidence of neonatal hypoglycemia was similar 
with either OHAs or insulin treatments in the diabetic 
group. This trend was similar to another study done by 
Voormolen et al. [22].

The incidence of neonatal hypoglycemia was high-
er in neonates born to diabetic mothers treated with 

GDM 
status

Hypoglycemia

P-value RR (95% 
CI)

Clinical jaundice

P-value RR 
(95% CI)Yes  

No (%)

No/no 
indication 

for 
screening  

No (%)

Yes  
No (%)

No  
No (%)

No GDM 
(n=4,630)

60  
(1.3%)

4,570  
(98.7%) - 1 534  

(11.5%)
4,095  

(88.5%) - 1

GDM 
(n=1,504)

61  
(4.1%)

1,443  
(95.9%) <0.001 3.13  

(2.2, 4.45)
322  

(21.4%)
1,182  

(78.6%) <0.001 1.86  
(1.64, 2.1)

DM (n=65) 10  
(15.4%)

55  
(84.6%) <0.001 11.87  

(6.37, 22.14)
28  

(43.1%)
37  

(56.9%) <0.001 3.73  
(2.79, 4.99)

Table 6: Hypoglycemia and jaundice in newborns.
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drugs compared to those mothers who were managed 
with MNT alone, which was very significant. This 
probably reflects the uncontrolled maternal glucose 
levels needing drugs causing postnatal hypoglycemia. 

Neonatal jaundice

Hyperbilirubinemia occurs in 11 to 29% of infants 
of mothers with diabetes [23]. In our analysis, a high-
er number of neonates born to mothers with GDM had 
clinical jaundice. Again in the diabetic group, neonatal 
jaundice was significantly higher in the group treated 
with drugs than with MNT alone.

Perinatal mortality

The overall risk of perinatal deaths was higher in 
women with diabetes when compared to those with-
out diabetes, more so among those with pregestational 
diabetes (p<0.016). Similar results were mentioned in 
a study done by Rosenstein et al. [24]. Diabetic women 
treated with insulin had an increased risk of perina-
tal deaths with RR 4.84 (95% CI 1.43–16.38). Perinatal 
asphyxia was also higher in neonates born to diabetic 
mothers treated with drugs compared to those on a 
diet alone.

Pregestational diabetes (PGD) is one of the known 
leading causes, with up to a nine-fold increase in con-
genital disabilities, compared with the rate seen in 
nondiabetic pregnancies [25]. In our group, congenital 
anomalies among neonates born to diabetic women 
were 1.07% (17/1519), more than those born to nondia-
betics 0.6% (31/4754). Among the various anomalies, 
cardiac anomalies were more common in those born to 
diabetic women. The frequency of anomalies was much 
lower than those mentioned in previous studies. This 
could be attributed to the well-controlled glucose levels 
in our group of diabetic mothers in the first trimester.

The nursery admission rate among neonates born 
to diabetic women was significantly higher (p<0.001) 
than those born to nondiabetic women. This can be 
explained partially by the unit policy of routinely mon-
itoring the neonates of diabetic mothers for the first 
24 hours for hypoglycemia in the nursery. Though the 
chance of being admitted to a nursery was high, the 
number of babies being transferred to a higher center 
was not statistically significant.

The outcomes of women in this cohort would be 
slightly different as this is a secondary hospital setup 
where patients will not have the facility to monitor 
sugars rigorously.

Conclusions

We observed that infants of mothers with diabetes 
are at increased risk for mortality and morbidity com-
pared with infants born to mothers without diabetes. 
The risk of neonatal complications increased more 
when diabetic women were on drugs for glycemic con-
trol than those on a diet alone. Our study’s overall inci-
dence of neonatal complications was lower than most 
studies, probably reflecting good glycemic control and 
the unit policy’s effectiveness in managing maternal 
diabetes and early postnatal feeding. The incidence of 
gestational diabetes and pre-gestational diabetes com-
plicating pregnancy is rising. Good control of the glu-
cose level in the antenatal period and careful monitor-
ing and feeding in the immediate postnatal period of 
the babies helps reduce the immediate postnatal met-
abolic complications of these neonates. Optimal care is 
based on prevention, early recognition, and effective 
treatment of common complications expected in IDM. 
Breastfeeding among mothers with diabetes should 
be encouraged irrespective of their mode of delivery. 
We acknowledge several limitations of this study pri-
marily because it is a non-concurrent observational 
study prone to several potential biases. We will need 
further studies to look at these outcomes in similar re-
source-constrained settings.
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