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Background

Gestational diabetes is a condition characterized by glucose 
intolerance that particularly develops during pregnancy. There 
has always been a dilemma among the clinicians to diagnose 
gestational diabetes. Several criteria have been proposed by 
various societies across the world. To bring in uniformity the 
WHO brought out the guidelines in 1999 that was updated in 
2006 and this was being followed largely. In 2013, the WHO 
has revised and formulated the new set of  diagnostic criteria for 
gestational diabetes.[1] These new range of  values were devised 
based on the risk of  adverse feto‑maternal outcomes.

Irrespective of  the ambiguity in the diagnostic values, there 
is ample evidence to suggest the increasing prevalence of  
gestational diabetes.[2,3] There is wide region to region variation 

in prevalence ranging from 2.5% to 21%.[4‑7] The prevalence has 
also been noted to be different across the sociodemographic and 
economic strata. Various studies point out the ethnic differences 
in the prevalence of  gestational diabetes. Asian women, especially 
those having Indian ethnicity, have been undoubtedly proved to 
be more at risk for this condition.[2,8]

In India the prevalence of  gestational diabetes varies widely 
geographically. Studies conducted in southern part of  the 
country reveal a bigger burden of  gestational diabetes than the 
northern states.[7,9,10] The regional differences in the prevalence of  
gestational diabetes is in correlation with that of  type 2 diabetes. 
The risk of  developing type 2 diabetes mellitus is high for the 
patients with gestational diabetes.[11]

Kerala is a state which is currently facing a huge burden of  
diabetes mellitus. Increasing prevalence of  gestational diabetes 
will make a major contribution to the diabetic pool of  this state. 
Moreover, a significant proportion of  the women belonging 
to the reproductive age group in Kerala are overweight 
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and obese.[12] High BMI is a proven risk factor to develop 
gestational diabetes.[13‑15] In the setting of  high prevalence of  
type 2 diabetes, these women also are prone to have a positive 
family history which also adds to the risk of  gestational 
diabetes.[13] It is inevitable for the state’s health system to be 
equipped to face the consequences of  the burgeoning burden 
of  gestational diabetes in the near future. Understanding the 
various outcomes of  gestational diabetes would be the key to 
initiate the cascade of  preparatory steps to tackle them. Studies 
are available from various parts of  the country signifying 
the adverse maternal and neonatal outcomes of  gestational 
diabetes. However, similar studies from Kerala setting are 
scarce. This study therefore aims to study the frequency of  
the occurrence of  various maternal and fetal outcomes among 
gestational diabetes patients.

Materials and Methods

This retrospective cohort study included a total of  180 individuals. 
These participants were taken from the database of  INDADE 
(Indo Danish Collaboration on Diabetes Epidemiology) study, a 
community prospective cohort study conducted in rural Kerala. 
This study is a collaborative research program between Health 
Action by People (HAP), a non‑profit research organization in 
Kerala and University of  southern Denmark. The INDADE 
study included 25,000 subjects and it was aimed to understand 
the epidemiology of  diabetes mellitus. The residents of  a Local 
Self  Government Unit (Ottoor Panchayath) in southern Kerala 
were the study participants. They were followed up for a period of  
4 years, from 2007 to 2011. Ottoor Local Self  Government unit 
belongs to the rural area of  Thiruvananthapuram district in Kerala. 
After recording their baseline anthropometric measurements and 
fasting blood sugar levels, individuals aged above 20 years were 
being followed up. Annual medical examination and biochemical 
investigations were performed among the diabetic individuals. 
The current analysis was conducted in 2010, for which the 
baseline data collected in 2007 were retrieved from the records 
of  INDADE study. These included their personal identification 
details, educational qualification, occupation, anthropometric 
measurements like weight, height, waist and hip circumference, and 
FBS values. The participants included 60 women with gestational 
diabetes and 120 women who were pregnant but without 
gestational diabetes. The details of  their antenatal period and the 
pregnancy outcomes were collected through telephonic interview 
using a semi‑structured questionnaire. Interviewers were trained 
to conduct interviews in a uniform manner. The questionnaire 
included their glycemic status, details of  the treatment, mode of  
delivery, delivery complications, pre‑mature births, still births, 
abortions, birth weight of  the child, neonatal ICU admissions 
and persistence of  hyperglycemia after delivery.

Gestational diabetes was the major exposure variable. All 
quantitative variables have been summarized using mean (SD) 
and qualitative variables in proportions. We analyzed the 
feto‑maternal outcomes of  the patients with gestational diabetes. 
Bivariate analysis was done using the Chi‑square test. A P value 

less than 0.05 was considered to be statistically significant. 
Multivariable logistic regression was done to compute the risk 
for various outcomes in gestational diabetes as compared to 
those without gestational diabetes. Analysis was done using SPSS 
software, version 16.

Results

A total of  180 individuals were included in the study of  which 
60 had gestational diabetes and 120 did not. The mean (SD) 
age of  the study group was 32 (7.8) years. Majority of  
them [160 (89.8%)] had an educational qualification above the 
high school level. Most of  the participants [157 (87.2%)] were 
home makers. The baseline characteristics which were measured 
in 2007, of  those with gestational diabetes have been compared 
with those without gestational diabetes in Table 1.

The baseline fasting blood sugar value done at the start of  the 
study was on the higher side for gestational diabetes patients with 
a mean (SD) of  91 (37.6) mg/dl as compared to 84 (16.4) mg/dl 
for those without gestational diabetes. However, this difference 
was not statistically significant. The mean BMI of  this study 
group was 24.7 (3.5) kg/m2. More than one fourth of  these 
individuals [50 (27.8%)] had BMI above 25 kg/m2. The mean (SD) 
waist‑hip ratio of  the diabetic individuals was higher [0.87 (0.16)] 
than that of  the non‑diabetic individuals [0.86 (0.08)], but the 
difference was not statistically significant.

Nearly half  [28 (48.3%)] of  60 individuals who had gestational 
diabetes had a positive family history for type 2 diabetes. Most 
of  the gestational diabetic patients [42 (70%)] were multi‑gravida. 
Majority of  them [41 (68.3%)] had developed gestational 
diabetes during the first pregnancy itself. Insulin therapy had to 
be initiated for 26 (43.3%) patients. A few of  the patients with 
gestational diabetes [12 (21.1%)] also had associated hypertension 
during pregnancy. Mode of  delivery was by caesarean section 
for 19 (32.8%) individuals. It was noted that more than half  of  

Table 1: Baseline characteristics of gestational diabetic 
individuals as compared to those without gestational diabetes
Variable Category Gestational 

diabetes (n=60)
Normal 
(n=120)

P

Education Illiterate 1 (1.7) 0 0.34
Below high school 5 (8.6) 12 (10)
Above high school 52 (89.7) 108 (90)

Occupation Skilled 4 (6.9) 11 (9.2) 0.62
Semi‑skilled 1 (1.7) 2 (1.7)
Unskilled 0 3 (2.5)
Home maker 53 (91.4) 104 (86.7)

Parity One child 16 (27.6) 35 (29.7) 0.85
More than one child 42 (72.4) 83 (70.3)

BMI 24.6 (3.9) 24.8 (2.98) 0.79
WHR  0.87 (0.17) 0.86 (0.08) 0.67
SBP mean (SD) 122.93 (15.3) 121.7 (13) 0.59
DBP mean (SD) 79.3 (8.02) 77.6 (8.76) 0.22
SD: Standard deviation; BMI: Body mass index; WHR: Waist hip ratio; SBP: Systolic blood pressure; 
DBP: Diastolic blood pressure
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those who underwent caesarean section [10 (52.6%)] were on 
insulin therapy.

The outcome of  the pregnancy ended in abortion for 11 (19%) 
of  individuals. Birth weight of  the newborns was above 3 kg 
in more than half  [31 (51.7%)] of  these individuals. In‑born 
nursery (IBN) admission was warranted for neonates of  
seven (12.1%) patients. The various feto‑maternal outcomes of  
the 60 individuals with gestational diabetes are given in Table 2. 
The adjusted risk for progression to overt diabetes after delivery, 
babies with birth weight more than 3 kg and IBN admissions of  
the neonates, was significantly more for those with gestational 
diabetes [Table 3].

The progression to type 2 diabetes was observed in 
six (10%) of  the gestational diabetes patients. They were 
significantly older than the rest of  the gestational diabetic 
with the mean (SD) age being 37 (7.2) years (P = 0.006). The 
mean (SD) baseline fasting blood glucose value for them 
was 130 (92.3) mg/dl which was much higher than the rest 
of  the group (P = 0.001). Out of  these six individuals who 
progressed to type 2 DM, four (66.7%) had given birth to 
babies with birth weight more than 3 kilograms. The mode 
of  delivery was through caesarean section for 5 (83.3%) out 
of  6 of  these patients. This association was found to be 
statistically significant (P = 0.005).

Discussion

This study brings into light the various maternal and neonatal 
outcomes of  gestational diabetes. Delivering the child through 
surgical intervention and progression to type 2 diabetes 
mellitus were the major maternal outcomes. Major neonatal 
outcomes included increased birth weight, IBN admissions, 

premature deliveries and abortions. Evidence generated 
from other parts of  the country supports the results in this 
study.[10,11]

Long‑term progression to type 2 diabetes has far reaching 
implication in this study setting. The prevalence of  type 2 
diabetes is as high as 20% in Kerala.[16] It is a known fact that the 
intrauterine hyperglycemic status in gestational diabetes increases 
the risk for type 2 diabetes in future.[11,17,18] Even the molecular 
aspects of  progression to type 2 diabetes has been studied 
in detail among gestational diabetes patients. The endothelial 
irregularities found in diabetic vasculopthic patients was detected 
in the fetal placenta of  gestational diabetic individuals.[19] This 
suggests that the origin of  diabetic complication is seen right 
from the fetus of  gestational diabetic women. The population of  
Kerala is highly vulnerable for the development of  type 2 diabetes 
with the alarming prevalence of  other risk factors such as obesity, 
unhealthy dietary habits, sedentary lifestyle and a positive family 
history.[20] Hence, the early detection and control of  gestational 
diabetes become a mandate in controlling the unprecedented 
increase in the type 2 diabetes burden of  the state.

The rate of  caesarean section in the state is considerably high 
than the rest of  the country.[21,22] This study highlights that more 
than 32% of  the gestational diabetes patients had to undergo 
caesarean section to terminate their pregnancy. Big baby which is 
an outcome of  gestational diabetes is an indication for caesarean 
section. Similar studies done in other parts of  the world also 
concludes that women with gestational diabetes are more at risk 
for caesarean sections.[23] More than half  of  those who underwent 
caesarean section were on insulin therapy for uncontrolled 
glycemic status. Regular monitoring of  blood glucose and its 
strict control reduces the risk of  surgical interventions and can 
facilitate normal deliveries. Simple interventions like this could 
reduce the rate of  caesarean section in the state.

Health indicators in Kerala are the best in the country and are 
at par with the developed nations. The most important health 
indicator suggestive of  the system of  health care of  a region 
is the infant mortality rate (IMR). It reflects the development 
of  the region as a whole. According to Sample Registration 
System (SRS) 2011 data, the IMR in Kerala is 12 which is much 
lower than the national average of  44.[24] Neonatal deaths takes 
up the major share of  infant mortality. A study done in central 
Kerala reveals that neonatal mortality accounts for 58% of  
childhood mortality in that area. Preterm births are an important 
cause of  neonatal mortality. This study reveals the prevalence of  
preterm delivery to be 10% among gestational diabetes patients. 
IBN admissions were required for 12% of  the neonates of  these 
patients. The need for improving the neonatal care facilities 
in the states health care infrastructure is being brought into 
light here. The development of  neonatal health care facilities 
is inevitable to further bring down the state’s IMR from the 
static figure of  12.

Table 2: Feto‑maternal complications among patients 
with gestational diabetes (n=60)

Variable Frequency (%)
Premature delivery 6 (10)
Birth weight >3 kg 29 (48.3)
Still birth 1 (0.5)
Abortion 11 (19)
IBN admission 7 (12.1)
C section 19 (32.8)
Insulin therapy 26 (43.3)
Long‑term diabetes 6 (10)
IBN: In‑born nursery

Table 3: Adjusted relative risk for developing 
complications among GDM patients as compared to non 

GDM individuals
Variable GDM 

(n, %)
Non GDM 

(n, %)
Adj RR (CI)

Long‑term diabetes 6 (10.3) 1 (0.8) 13.2 (1.5 ,116.03)
Birth weight above 3 kg 29 (48.3) 34 (28.3) 2.51 (1.26 ,5.02)
IBN admission 7 (12.1) 5 (4.3) 4.21 (1.23,14.4)
IBN: In‑born nursery; GDM: Gestational diabetes mellitus
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Conclusion

This study concludes that the major feto‑maternal outcomes 
of  gestational diabetes are long‑term progression to type 2 
diabetes, increased birth weight and increased IBN admissions 
for neonates. In the present health milieu of  the state these 
findings are of  utmost importance. The burden of  gestational 
diabetes is only going to increase in the near future. Cautious 
attention therefore must be given to devise measures to tackle 
the challenges of  gestational diabetes. Awareness to achieve 
good glycemic control and to prevent progression to type 2 
diabetes must be given to these women. The Government should 
largely take up the responsibility of  improving the neonatal 
care facilities of  the state to handle the neonatal outcomes of  
gestational diabetes.
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