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Abstract
Background: Women having gestational diabetes mellitus are at greater risk of ef-
fecting type 2 diabetes mellitus. Particularly because of the scarcity of data in In-
dia, there is requirement for understanding the distribution and possibility factors of 
dysglycaemia (types 2 diabetes mellitus and prediabetes) in women having affected 
earlier with gestational diabetes mellitus.
Methods: All women (n = 751) with past history of GDM attending two obstetric 
units in Hyderabad were invited to participate in the study. Among them 279(37.15%) 
accepted to take part in the present study. Socio-demographic, medical and anthropo-
metric information were collected; and 75gm OGTT performed.
Results: 213 (76.34%) women were found dysglycaemic within 5 year (median 14 
months) of the pregnancy. Age was found to be 1.27 fold increase risk of having dys-
glycaemia (OR 1.27, 95% CI 1.03 - 1.35 p = 0.03). Presence of acanthosis nigricans 
(OR 2.09, 95% CI 1.89 - 6.56 p = 0.002), postpartum screening interval (OR 1.41, 
95% CI 1.15 - 1.92 p = 0.02) were found to be risk factors to have dysglycaemia. The 
ADA suggested threshold HbA1c value of >39 mmol/mol (5.6%) have a sensitivi-
ty and specificity of 72.3% and 67.3% respectively for detecting the occurrence of 
T2DM postpartum. 
Conclusion: In conclusion, this study found a high possibility of development of 
t2dm among with a history of gdm and there is an immediate need to improve post-
partum screening rates.
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Introduction
 Screening for diabetes in pregnancy not only enables enhanced intra-partum concern however provides a chance to recog-
nize women having a possibility for development of types 2 diabetes mellitus (T2DM) in future.  Women affected with gestational 
diabetes mellitus (GDM) represent a high risk group to be targeted for prevention of developing T2DM. A current meta-analysis has 
revealed that women having GDM are almost 8 times further expected to develop future T2DM when compared with the women 
having standard glucose tolerance (NGT) in pregnancy[1]. Whereas greater incidence of both T2DM and GMD are reported in In-
dia[2,3]. At present there is inadequate information available about the progression of T2DM in women with earlier GDM[4-6].
  The American Diabetes Association (ADA) guidelines state that women with GDM ought to undergo screening for con-
tinual diabetes at 6-12 weeks postpartum, by means of the 2 hour OGTT[7]. Consequently, they have been supposed to have lifelong 
screening for the advance of diabetes at a minimum of every 3 year in case of normal glycaemic condition and once in a year in case 
of prediabetes. 
 The UK NICE guidelines states that a fasting plasma glucose test was supposed to be done at the 6-13 weeks postnatal 
appointment, subsequently repeated once a year[8]. Nevertheless, various factors like time commitment, increased costs, and need for 
phlebotomy services harmfully impact the recognition and likelihood of post-partum OGTT by patients and health care providers[9]. 
A survey based on a solitary, non-fasting blood sample is probable to be further satisfactory and enhance the rate of postpartum 
evaluation of glycaemic condition[9]. In recent times, the ADA and WHO recommended utilizing HbA1c for approving  the analysis 
of diabetes and pre-diabetes provided the test is performed by a technique that is licensed by the national Glycohemoglobin stan-
dardization  program in the USA and is standardized or traceable to the diabetes control  and complication trial (DCCT)reference 
assay[10,11]. Whereas HbA1c is progressively used more to analyze diabetes and pre-diabetes, present are less studies all over the 
world (none from south Asia)[12], which have assessed its effectiveness in a population of women with earlier GDM.
 Therefore, we designed this study to recognize the distribution of dysglycaemia [T2DM; impaired fasting glucose (IFG); 
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and impaired glucose tolerance (IGT)] among women with past 
history of GMD and evaluate the risk factors linked with it. 
We also evaluated the importance of HbA1c in the postpartum 
re-classification of women with GDM in a huge urban cohort of 
Indian women.    

Material and Methods

 By means of medical records from Obstetrics Depart-
ments, women who have been repeatedly diagnosed through 
GDM based on carpenter and coustan criteria throughout preg-
nancy in the former 8 year (2006-2013) were recognized from 
one large centers in India (MHRT-Hospital and Research Trust, 
Hyderabad) by retrospective medical record review.  In addition, 
women diagnosed with GDM based on newer International As-
sociation of Diabetes a Pregnancy Study Group (IADPSG) cri-
teria were further enrolled from 2011 onward[7]. The study was 
agreed by ethics committees and written informed consent for 
participation was maintained from all patients.
 Participants finished a well planned interview to make 
available data on age, previous history of GDM, family histo-
ry of diabetes, the requirement for insulin during pregnancy, 
and per-pregnancy weight (which was used to calculate their 
per-pregnancy body mass index (BMI)). The subsequent dimen-
sion was also considered weight, height waist circumference, 
BMI, and blood pressure at moment of testing.  Appearance or 
nonappearance acanthosis nigricans/skin tags were noted.
 Blood sample were collected following a minimum 
8 hour of fasting. The OGTT was performed as stated by the 
World health Organization (WHO)[7].
 Total cholesterol, triglyceride and HDL cholesterol lev-
els were calculated by end point assay method with ERBA semi 
auto analyzer (ERBA diagnostics, Mannheim, Germany). LDL 
cholesterol was calculated by friedewald equation. To calculate 
blood glucose, samples were collected in a fluoride vial and ana-
lyzed by glucose oxidase peroxidase (GOD-POD) technique by 
means of ERBA semi auto analyzer (ERBA diagnostics, Mann-
heim, Germany).
 HbA1c was collected in EDTA-vials and analyzed by 
High Performance Liquid Chromatography (HPLC) based Ion 
Exchange Chromatography (Bio-Rad D-10tm hemoglobin  A1c 
program, Bio-Rad laboratories, Inc., Hercules, CA94547,U.S.A) 
individuals were classified  as being normoglycaemic (FPG < 
5.6 mmol/Land 2-h plasma glucose < 7.8mmol/L) with pre-di-
abetes (FPG = 5.6 - 6.9 mmol/Land /or2-h  plasma glucose = 
7.8 - 11 mmol/L ). The effectiveness of HbA1c was measured 
against OGTT criteria for analysis of diabetes and pre-diabetes.
 Statistical calculation was done using Graph pad soft-
ware version 5.0 (college station, Texas, USA). Data were ac-
cessed as number (%) or mean ± SD as apt. The occurrence of 
dysglycaemia (95% confidence interval) was calculated. ANO-
VA test was used to test the differences among groups as ap-
propriate. Logistic regression analysis was used and the conse-
quences were reported as OR (95% C.I.).  Test sensitivity and 
specificity were used to explain the diagnostic precision of 
HbA1c. Significance level were set at p < 0.05.

Results
 A total of 751 women were ask to visit clinic for test-
ing, but only 279 (36.08%) women were consented to take part 

in study. The mean age was 31.6 ± 3.5 years. The analysis was 
carried at 18.7 ± 14.1 months postpartum (Table 1). Normogly-
caemia and dysglycaemia were recognized by OGTT. The allo-
cation of the biochemical, clinical and anthropometric variables 
in women were shown in table 1 and 2. Women with normogly-
caemia were younger (29.5 ± 3.7 year vs. 31.4 ± 3.8 year, p = 
0.03) and assessed after a lesser postpartum interval (14.7 ± 11.6 
vs. 20.1 ± 15.7 months; p = 0.02) in comparison with those of 
dysglycaemia. Presence of acanthosis nigricans was found high-
er in dysglycaemia when compare to normoglycaemia (89.04% 
and 10.95% respectively)

Table 1: Distribution of clinical variables in women with normal or 
abnormal glucose tolerance
Parameter Total 

N = 279
Normal 
OGTT 
n = 66 
(23.65%)

Abnormal 
OGTT          
n = 213 
(76.34%)

Age (years) 31.6 ± 3.7 29.5 ± 3.5 31.4 ± 3.8
Time of postpatum 
screening (months 
since delivery)

18.7 ± 14.1 14.7 ± 11.6 20.1 ± 15.7

Presence of Acan-
thosis nigricans/
skin tags#

73(26.16%) 8 (10.95%) 65 (89.04%)

History of GDM in any pregnancy other than index pregnancy
Yes 87 (31.18%) 20 (22.98%) 67 (77.01%)

BMI kg/m2 (pre-pregnancy)
< 25kg/m2 216 (77.41%) 48 (72.72%) 168 (78.87%)
25 - 29.9 kg/m2 52 (18.63%) 16 (24.24%) 36 (16.90%)
≥ 30 kg/m2 11 (3.94%) 2 (3.03%) 9 (4.22%)

Occupation
Employed 31 (11.11%) 9 (13.63%) 22 (10.32%)
Housewife 248 (88.88%) 57 (86.36%) 191 (89.67%)

Highest level of Education
G r a d u a t e / p o s t -
graduate

156 (55.91%) 38 (57.57%) 118 (55.39%)

Less than graduate 123 (44.08%) 28 (42.42%) 95 (44.60%)
Diagnosis of GDM (Trimester)

First 37 (13.26%) 5 (7.57%) 32 (15.02%)
Second 215 (77.06%) 52 (78.78%) 163 (76.52%)
Third 27 (09.67%) 9 (13.63%) 18 (8.45%)

Insulin treatment %
Required 185 (64.30%) 33 (50.00%) 152 (71.36%)
Not required 94 (33.69%) 33 (50.00%) 61(28.63%)

BMI: Body mass index; GDM: gestational diabetes mellitus

Risk factor analysis
 Age was found to be 1.27 fold increase risk with high-
er likelihood of having dysglycaemia (OR 1.27, 95% CI 1.03 - 
1.35 p = 0.03). At the time postpartum, Greater postpartum BMI 
(OR 1.23, 95% CI 1.12 - 1.73 p = 0.04) were also found to be 
associated with probability to have dysglycaemia. Presence of 
acanthosis nigricans (OR 2.09, 95% CI 1.89 - 6.56 p = 0.002), 
postpartum screening interval (OR 1.41, 95% CI 1.15 - 1.92 p 
= 0.02) were linked by means of a elevated probability to have 
dysglycaemia (Table 2)
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Table 2: Risk factors for abnormal glucose tolerance (213 Subjects)

Variable OR( 95% CI) p value
Age (year) 1.27 (1.03 - 1.35) 0.03
Postpartum screening inter-
val (month)

1.41 (1.15 - 1.92) 0.02

BMI kg/m2 (at time of post-
partum testing) (per kg/m2)

1.23 (1.12 - 1.73) 0.04

Acanthosis nigricans/skin tags
No 1.00
Yes 2. 09 (1.89 - 6.56) 0.002

BMI: Body mass index; GDM: gestational diabetes mellitus

 The predictors of cardiovascular risk: BMI, waist 
height ratio were considerably elevated amongst the women 
with dysglycaemia (Figure 1). Blood pressure was also found to 
be high risk factor amongst the women with dysglycaemia (Fig-
ure 2). Lipid was considerably prominent between the women 
with dysglycaemia (Figure 3).

Figure 1:

Figure 2:

Figure 3:

Performance of HbA1c and FPG compared to OGTT
The sensitivity and specificity  of suggested threshold of ≥ 39 

mmol/mol (5.7%) to find out any degree of abnormal glucose 
tolerance(diabetes + prediabetes) was  72.3% and  67.3% corre-
spondingly with a positive predictive value (PPV) and a negative 
predictive value (NPV)of 86.5% and 49.7% respectively (Table 
3). The sensitivity and specificity of ADA cutoff of ≥ 5.6mmol/L 
for detecting any degree of abnormal glucose tolerance (diabe-
tes+ prediabetes) was 84.5% and 100% with PPV and NPV of 
100% and 72.5% respectively (Table 3).

Table 3: Performance of fasting glucose (FPG) ≥ 5.6 mmol/L (100 mg/
dl) and HbA1c ≥39 mmol/mol (5.7%) for diagnosis of abnormal glu-
cose tolerance (diabetes or prediabetes)
Parameter Sensitivity Specificity P o s i t i v e 

predictive 
value

N e g a t i v e 
predictive 
value

HbA1c 72.3% 67.3% 86.5% 49.7%
FPG 84.5% 100% 72.5% 76.1%

Discussion 

 The cumulative incidence of diagnosed diabetes among 
the women with a history of GDM has been noted to be com-
paratively greater among south Asian[13]. We observed an over-
all prevalence of 32.25% for diabetes, at median period of 14 
months of postpartum screening. The incidence of was nearly 
50% when the mean follow up period exceeded 2years, which is 
much former than those reported by other Indian studies (35%-
50%, at mean follow up of 5 years)[4-6]. The occurrence of diabe-
tes in our study group is as well greatly elevated than has been 
published in general population studies. In the INDIAB study, 
the occurrence was 1.4% in 20-29 year age group and 4.9% in a 
30-39 year age group, compared to 25% and 42% respectively in 
our study. 
 We furthermore evaluated the effectiveness of HbA1c 
and FPG compared to 75g OGTT in recognition of dysglycae-
mia in postpartum women .We established that in the postpartum 
period, the ADA cut-off value of 39 mmol/L (5.6%) of HbA1c, 
for diabetes, has a sensitivity of 72.3% and specificity of 67.3% 
by means of the FPG criterion only for diabetes, the sensitivity 
was 84.5% with specificity of 100%. A recent meta- analysis of 
six studies evaluated the usefulness of HbA1c for diagnosis of 
abnormal glucose tolerance in postpartum screening[12]. This me-
ta-analysis established low sensitivity and specificity of HbA1c 
at cut off level ≥ 39mmol/mol (5.7%) to identify any degree of 
glucose intolerance. Our results were similar to those published 
by kim et al. (65% and 68% respectively) incorporated in the 
meta-analysis[14], through compared screening intervals (19.6 ± 
15.3 months in present study; 18 ± 12 months in the study by 
Kim et al.).
 By means of either FPG or HbA1c, we might have been 
missed nearly 18% of cases of diabetes that would or else have 
been identified with OGTT. Bearing in mind the elevated con-
version rates for diabetes, this discovery has significant impli-
cations. Initially, these women may go on to have successive 
pregnancies with undiagnosed type 2 diabetes and potentially 
poor glycaemic control, raising the possibility of congenital 
anomalies and additional fetal or maternal complications. Sec-
ond, failure to recognize glucose intolerance (either per-diabetes 
or diabetes) prevents these women from implementing behav-
ioral and medication interventions that might decrease their pos-
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sibility of developing diabetes or its micro vascular and macro 
vascular complications, deteriorating their long-term health. The 
consequences of our study imply that the OGTT is still mainly 
suitable test to identify diabetes in the postpartum period.
 We conducted a thorough assessment of risk factors 
related with increased incidence of T2DM amongst the wom-
en having a history of GDM. Predictors of cardiovascular risk: 
BMI, waist circumference, blood pressure, and abnormal lip-
id parameters were considerably elevated among women with 
dysglycaemia. We hypothesize so as to this might be one of the 
reasons for greater frequency of dysglycaemia among this pop-
ulation. The parameters related with insulin resistance including 
waist circumference, waist-height ratio, and acanthosis nigricans 
were greater in women with dysglycaemia. These consequences 
imply obesity, mostly visceral obesity, is linked with greater pos-
sibility of diabetes.
 Only 37.15% of women with GDM decided to undergo 
testing in perspective of this research study. In common, post-
partum screening is apparently low in other parts of world, unre-
liable from 14% in usual case to 60% in a randomized controlled 
study[15]. Hunt and colleagues noticed postpartum screening 
rates from 23% to 58% on screening with a FPG or a 2-hour 75-g 
OGTT[16]. The necessity for improving postpartum rates must be 
one of the top priorities for clinicians and public health policy 
markers.
 The modest contribution rates might be seen as a most 
important restriction of this study. It is probable that women at 
higher or lower risk of developing dysglycaemia may have been 
further expected to respond to invitation. Further major limita-
tion is that preconception diabetes status was not identified and 
only 25 out of 279 patients were tested between 6-12 weeks after 
delivery, which might has lead to conclusion whether or not the 
index pregnancy was difficult with pre-conception diabetes. Yet, 
known the age and sex related common population estimates of 
the incidence of type 2 diabetes, it is probable that the enormous 
majority of women, who were diagnosed with type 2 diabetes in 
the post-partum period, were de novo cases.
 The strength of this research consist of a comparative-
ly large population cohort evaluated prospectively, performing 
an assessment of the effectiveness of HbA1c for the first time 
among an Indian population with GDM, and a comprehensive 
assessment of risk factors.
 In conclusion, this study found a high possibility of de-
velopment of T2DM among with a history of GDM at median 
follow up of 14 months. There is an immediate need to improve 
postpartum screening rates, and execute early intervention strat-
egies to decrease the chance of diabetes among women with ges-
tational diabetes.
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