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INTRODUCTION AND BACKGROUND
In 1952, Jorgen Pederson postulated that maternal 
hyperglycemia led to fetal hyperglycemia, which evoked an 
exaggerated fetal response to insulin.

Gestational diabetes mellitus (GDM) is one of the most 
(1)  frequent maternal complications during pregnancy. It is a 

condition where a woman without prior diagnosed diabetes 
experiences high blood glucose levels during pregnancy. It 
occurs when a woman's pancreatic function is not sufficient to 
cope with the relative insulin resistance created by the anti-
insulin hormones, such as human placental lactogen, and the 
increased fuel consumption necessary to provide for the 

(2)growing fetus.

It was estimated that GDM complicates 3–5% of pregnancies 
worldwide. Pregnancy complicated with GDM is associated 
with adverse acute and long-term consequences for both 

(1)mother and infant.

Research has shown that pregnant women with GDM have 
significantly higher rates of pre-eclampsia and Caesarean 

(2,3)section than similar pregnant women without GDM.

Infants born to mothers with GDM are at increased risk of 
large for gestational age (birth weight above 90% percentile 
for gestational age), high cord-blood serum C-peptide levels 

(2, 4)and perinatal mortality. 

Furthermore, a long-term follow-up study demonstrates that 
(2)most women with GDM will progress to type 2 diabetes.  

Children born to women with GDM have increased risk for 
(2, 5)obesity and type 2 diabetes later in life. 

Factors which increase the risk of GDM include advanced 
maternal age, high pre-pregnancy BMI, family history of 
diabetes, pre-existing hypertension, smoking during 
pregnancy, parity, multiple gestational pregnancy and 

(6, 7, 8, 9, 10, 11)assisted reproduction technology treatment. 

Infertility (defined as more than 12 months attempting to 
achieve a pregnancy without conception) af fects 
approximately 12–30% of couples based on estimates from 

 (12, 13, 14, 15)prospective preconception cohorts.  The underlying 
reasons for infertility are diverse. Common female factors 
include ovulatory disorders, tubal blockage, and 
endometriosis. Underlying obesity-related metabolic 
disturbances, such as inflammation and insulin resistance, 
have been implicated in several of these conditions, 

 (16, 17, 18, 19, 20)suggesting a possible shared etiology.

Ovulation induction (OI) refers to a procedure that increases 
the production and or release of fully matured eggs from the 
uterus. OI is used among individuals who struggle to ovulate 
normally, resulting in complications becoming pregnant. 
Intrauterine insemination (IUI) is a type of artificial 
insemination where sperm is injected sperm directly into a 
woman's uterus, increasing the chance of live sperm coming 
into contact with a live egg. Fertilization by mixing sperm with 
eggs surgically removed from an ovary followed by uterine 
implantation of one or more of the resulting fertilized eggs. 

Assisted reproductive technology (ART) is the technology 
used to achieve pregnancy in procedures such as fertility 
medication, in vitro fertilization and surrogacy. ART includes 
all fertility treatments in which both eggs and embryos are 
handled.

More and more infertile patients have accepted the assisted 
reproductive therapy. Concerns have been raised over an 
increased risk of adverse maternal outcomes in ART 
populations as compared with natural conception.

Advanced maternal age is the most significant contributor to 
(9)GDM. Bener et al  reported that 45% of pregnant women 

aged 35 –45 years had GDM. Multiple gestational pregnancy 
is another important factor associated with GDM.

Given the higher proportion of women undergoing ART 
treatment, some studies suggested that ART is associated with 

(1, 10) (10)an increased risk of GDM. Jones et al   suggested that 
women with multiple pregnancies who conceived following 
ART have impaired glucose tolerance compared with those 

  (22)who conceived spontaneously. However, Shevell et al  
reported no differences in GDM between spontaneously 
conceived pregnancies and those who conceived through 
ART treatment. Also, it is not clear whether singleton 
pregnancies following ART treatment are also at increased 
risk of GDM compared with non-ART singleton pregnancies. 
This study, using the data of women who gave birth at Kerala 
Institute of Medical Sciences, Kerala during 2016–2018, aims 
to determine the association between ART treatment and the 
prevalence of GDM in singleton pregnancies.

RESEARCH QUESTION
Is there an increased risk of developing gestational diabetes 
in pregnancies following infertility treatment?

AIM AND OBJECTIVES
AIM:
To assess the incidence of gestational diabetes in antenatal 
patients who conceived following infertility treatment and to 
compare it with women who conceived spontaneously.

Primary Objective:
To determine the incidence of gestational diabetes in women 
who undergo infertility treatment and to compare it with 
spontaneously conceived singleton pregnancies.

Secondary Objective:
To determine the prevalence of gestational diabetes in the 
population.

REVIEW OF LITERATURE
Definition Of GDM
Gestational diabetes mellitus (GDM) is defined as any degree 
of glucose intolerance with onset or first recognition during 
pregnancy. The definition applies whether insulin or only diet 
modification is used for treatment and whether or not the 
condition persists after pregnancy. It does not exclude the 
possibility that unrecognized glucose intolerance may have 
antedated or begun concomitantly with the pregnancy.
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Mechanism Of Glucose Regulation During Normal 
Pregnancy
Fasting blood glucose decreases at early pregnancy and 
continuously during gestation (15) . Insulin sensitivity 
declines with advancing gestation to reach 50–60% of pre-
gravid state at late gestation (34–36 weeks) (16).  As a 
reflection of insulin resistance, fasting insulin concentrations 
increase. The changes in insulin sensitivity are inversely 
related to changes in maternal body fat mass (17) . The 
increase in hepatic glucose production during pregnancy 
suggest that the defect in insulin action also targets the liver. 
Catalano et al (18,19) found a significant increase in basal 
endogenous glucose  production at the end of gestation in 
spite of the increase in fasting insulin concentration. 

Alterations in maternal physiology during pregnancy are 
mediated by placental factors (20). Alterations in maternal 
metabolism are attributed to placental hormones, such as 
human placental lactogen (hPL), progesterone and estrogen 
(21, 22) . The lipolytic effect of hPL allows the re orientation of 
maternal metabolism toward lipid rather than glucose 
utilization, favoring glucose sparing for the fetus. The 
consequent increase in free fatty acid levels may help insulin 
sensitivity changes in  pregnancy as is the case in non-
pregnant subjects (24). Kirwan et al. reported that the level of 
placental tumor necrosis factor alpha (TNF a) is the most 
important determinant of insulin resistance during 
pregnancy independently from fat mass changes (26).

Meanwhile insulin secretion increases as a consequence of 
insulin resistance. Catalano et al. (27) reported that first and 
second phase insulin secretion increase by almost 300% 
throughout gestation. This insulin secretion adaptation is 
probably due to the rise of maternal hormones which 
coincides with the development of maternal insulin 
resistance. In conclusion, the robust plasticity of b-cell 
function in the face of progressive insulin resistance is the 
hallmark of normal glucose regulation during pregnancy. 
Diabetes may occur if pancreatic b-cells are unable to keep 
up with heightened insulin demand during pregnancy.

Detection And Diagnosis
Risk assessment for GDM should be undertaken at the first 
prenatal visit. Women with clinical characteristics consistent 
with a high risk of GDM (marked obesity, personal history of 
GDM, glycosuria, or a strong family history of diabetes) 
should undergo glucose testing as soon as feasible. If they are 
found not to have GDM at that initial screening, they should be 
retested between 24 and 28 weeks of gestation. Women of 
average risk should have testing undertaken at 24–28 weeks 
of gestation.

A fasting plasma glucose level >126 mg/dl (7.0 mmol/l) or a 
casual plasma glucose >200 mg/dl (11.1 mmol/l) meets the 
threshold for the diagnosis of diabetes, if confirmed on a 

subsequent day, and precludes the need for any glucose 
challenge. In the absence of this degree of hyperglycemia, 
evaluation for GDM in women with average or high-risk 
characteristics should follow one of the two approaches:

One-step Approach:
Perform a diagnostic oral glucose tolerance test (OGTT) 
without prior plasma or serum glucose screening. The one-
step approach may be cost-effective in high-risk patients.

Two-step Approach:
Perform an initial screening by measuring the plasma or 
serum glucose concentration 1 h after a 50-g oral glucose load 
(glucose challenge test [GCT]) and perform a diagnostic 
OGTT on that subset of women exceeding the glucose 
threshold value on the GCT. When the two-step approach is 
employed, a glucose threshold value >140 mg/dl (7.8 mmol/l) 
identifies approximately 80% of women with GDM, and the 
yield is further increased to 90% by using a cutoff of >130 
mg/dl (7.2 mmol/l).

With either approach, the diagnosis of GDM is based on an 
OGTT. Diagnostic criteria for the 100-g OGTT are derived 
from the original work of O'Sullivan and Mahan, modified by 
Carpenter and Coustan, and is shown in . Alternatively, Table 1
the diagnosis can be made using a 75-g glucose load and the 
glucose threshold values listed for fasting, 1 hour, and 2 hour. 
However, this test is not as well validated for detection of at-
risk infants or mothers as the 100-g OGTT.

Table 1 Diagnostic Criteria Of OGTT

Two or more of the venous plasma concentrations must be met 
or exceeded for a positive diagnosis. The test should be done 
in the morning after an overnight fast of between 8 and 14 h 
and after at least 3 days of unrestricted diet (≥150 g 
carbohydrate per day) and unlimited physical activity. The 
subject should remain seated and should not smoke 
throughout the test.

Table 2: Criteria For The Diagnosis Of Diabetes Mellitus

DM- diabetes mellitus; FPG-fasting plasma glucose; 2-h PG- 
2-h post load75gm glucose.

* A diagnosis of diabetes must be confirmed on a subsequent 
day by any one of the three methods included in the chart. In 
clinical settings, the FPG test is greatly preferred because of 
ease of administration, convenience, acceptability to patients, 
and lower cost. Fasting is defined as no calorie intake for at 

 (23)least 8 h.

 (24)Seshiah et al , recommended DIPSI as a single step 
procedure irrespective of the last meal. Pregnant women 
attending the antenatal OPD were given 75g anhydrous 
glucose in 250-300ml of water and plasma glucose was 
estimated after 2 hours. A 2-hours plasma glucose ≥ 140 

Time of testing 100g 3 h OGTT 
(mg/dl)

75g 2 h OGTT 
(mg/dl)

Fasting 95 92
1-hour 180 180
2-hour 155 153
3-hour 140 -

Normogly
cemia

IFG and IGT Diabetes mellitus*

FPG <110 
mg/dl

FPG ≥110 mg/dl 
and <126 mg/dl 
(IFG)

FPG ≥126 mg/dl

2-h PG † 
<140 
mg/dl

2-h PG † ≥140 
mg/dl and <200 
mg/dl (IGT)

2-h PG† ≥200 mg/dl

— — Symptoms of DM and casual 
plasma glucose 
concentration ≥200 mg/dl
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 (13)mg/dl is taken as GDM.  However, the cut off has not been 

put to test to find the correlation with adverse prenatal 
outcome. A value of ≥ 200 mg/dl as DM and ≥ 120 mg/dl as 
decreased gestational glucose tolerance has been 

 suggested.

 (25)In 2012 Wings (Women in India with GDM Strategy)  started 
by International Diabetes Federation (IDF) to develop a 
model care for GDM and to find a cost-effective way of 
screening for GDM. The outcome of the study was that non 
fasting DIPSI OGTT criteria, even though high in specificity, 
had a very low sensitivity when compared to WHO (1999) 
criteria and International Association of Diabetes and 
Pregnancy Study Groups (IADPSG) criteria. Hence it is not 
suitable for a diagnostic test. Fasting plasma glucose 
estimation can be done in the pregnant women at early 
gestation, if it is normal i.e. 92mg/dl repeat single step OGTT 
at 24-28weeks with 75 g glucose in fasting state and apply 
IADPSG criteria to diagnose GDM. If fasting is 92-125mg/dl it 
is diagnosed as GDM and if it is ≥ 126mg/dl it is designated as 
overt Diabetes. To obtain International standardization they 
recommended to do a one-step fasting OGTT using 75g 
glucose and apply IADPSG criteria which if not possible, the 2 
step as an alternative procedure.

In a retrospective cohort study, 656 multiple pregnancies 
were screened for GDM with 75g, 2-h oral glucose tolerance 
test at 24-28 weeks of gestation to investigate the proportion 
of multiple pregnancies with gestational diabetes mellitus 
(GDM) diagnosed using the IADPSG criteria and to identify 
the impact of age, body mass index (BMI), and mode of 
conception on incidence of GDM. When patients who 
conceived through heterologous assisted reproduction 
technology were compared with those who conceived 
spontaneously, there was a significant difference for GDM 
(31.1 vs. 13.6%, p�<�0.001, OR 2.86). A similar finding was 
also observed comparing egg donation IVF/ICSI patients 
with homologous IVF/ICSI patients (31.1 vs. 14.8%, 
p� =� 0.006, OR 2.59). Incidence of GDM was significantly 
higher in obese than in non-obese patients (42.5 vs. 14.8%, 
p� <� 0.001, OR 4.88) and in women over 35 compared to 

(26)younger patients (18.4 vs. 11.1%, p�=�0.01, OR 1.81).

In a nationwide population based cohort study by Holst et al 
(27), to determine whether women with a history of fertility 
problems have a higher risk of gestational diabetes mellitus 
(GDM) than women without a history of fertility problems, all 
live and stillbirths during 2004-2010 among women with 
fertility problems (n = 49,616) and women without fertility 
problems (n = 323,061) were identified. In total, 7,433 (2%) 
pregnant women received a diagnosis of GDM. Multivariate 
analysis showed that pregnant women with a history of 
fertility problems had a statistically significantly higher risk 
of GDM than pregnant women without fertility problems. In 
stratified analyses, the association between fertility problems 
and risk of GDM attenuated with increasing age and was more 
pronounced among primiparous women and women with 
polycystic ovary syndrome.

In a prospective population-based cohort study by Jie Zhang 
(28)et al , 3216 pregnant women with gestational age ≤12 weeks, 

regular antenatal examination, and ultrasound identification 
of intrauterine pregnancy were enrolled from January 2010 to 
June 2013. According to their ART history, the participants 
were divided into two groups: ART group (contains fresh 
embryo transfer group or frozen-thawed embryo transfer 
group) and NC (natural conception) group. When compared 
to NC group, significantly increased rates of GDM (p<0.01), 
preeclampsia (p<0.01) and intrahepatic cholestasis of 
pregnancy (p�0.01) were observed in ART group. 

(29)In a retrospective cohort study by Xiao Q et al  including 
2389 pregnant women, the medical records of 352 women 
diagnosed with PCOS were evaluated. Outcomes included 

GDM, preterm birth, low birth weight, macrosomia, and being 
small and large for gestational age. Women previously 
diagnosed with PCOS had a higher risk of GDM (adjusted 

. odds ratio [OR] 1.55, 95% confidence interval [CI]: 1.14–2.09)

(30)In the study by Szymanska et al  the weight gain until the 
diagnosis of GDM in both non-IVF and IVF groups of women 
was not significantly different (9.81±4.37 vs. 10.0±4.8� kg, 
p=0.8 respectively) with similar time at which they came 
under the specialist GDM care (29±4.0 vs. 28±4.5� weeks, 
p=0.42,). When analyzing first trimester fasting glucose levels 
it was found to be significantly higher in IVF group (89±16.2 
vs. 83±11.3� mg/dl, p=0.04). Second trimester oral glucose 
tolerance test results and glucose levels during GDM 
treatment did not differ between the groups. No changes were 
noted in investigated fetal and neonatal variances: 3rd 
trimester Abdominal circumference, its percentile and 
neonatal birth weight (3�460±641 vs 3�200±440�g, p=0.22). 
They also suggested that PCOS cannot be an explanation for 
GDM in patients after IVF. Moreover, two groups, IVF and non-
IVF were weight-matched, and they excluded the impact of 
BMI on the results.

(31) Ashrafi M et al studied the risks of gestational diabetes in 
patients undergoing Assisted Reproductive Techniques 
where they compared medical records of 215 women who 
conceived spontaneously and 145 women who conceived 
following ART and found that the risk of GDM is two-fold 
higher in women with singleton pregnancies conceived 
following ART compared with women who conceived 
spontaneously. The incidence of GDM was significantly 
higher in the IVF/ICSI and IUI groups (43% and 26%, 
respectively) compared with the spontaneous pregnancy 
group (10%). Their analysis demonstrated four strong risk 
factors for GDM: age, BMI, mode of ART and progesterone use 
during pregnancy. 

(32)In a population retrospective study by Wang, Nikravan et al , 
which included 13,732 ART mothers and 3,86,660 non-ART 
mothers, the prevalence of GDM was compared between ART 
and non-ART mothers. A larger proportion of ART mothers 
were aged ≥40 years compared with non-ART counterpart 
(11.7 versus 3.4%, P < 0.01). The prevalence of GDM was 7.6% 
for ART mothers and 5.0% for non-ART mothers (P < 0.01). 
Mothers who had twins had higher prevalence of GDM than 
those who gave births to singletons (8.8 versus 7.5%, P = 0.06 
for ART mothers; and 7.3 versus 5.0%, P < 0.01 for non-ART 
mothers). Overall, ART mothers had a 28% increased 
likelihood of GDM compared with non-ART mothers (AOR 
1.28, 95% CI 1.20–1.37). Of mothers who had singletons, ART 
mothers had higher odds of GDM than non-ART mothers 
(AOR 1.26, 95% CI 1.18–1.36). There was no significant 
difference in the likelihood of GDM among mothers who had 
twins between ART and non-ART (AOR 1.18, 95% CI 
0.94–1.48). For mothers aged <40 years, the younger the 
maternal age, the higher the odds of GDM for ART singleton 
mothers compared with non-ART singleton mothers. 

In a national survey which analyzed results of the first wave of 
the Taiwan Birth Cohort study; through stratified systematic 
sampling, 24,200 mother-and-child sampling pairs were 
obtained from a total of 206,741 live births in Taiwan in 2005; 
366 of the babies were born with the use of ART. According to 
this study during pregnancy, ART group mothers suffered 
from a higher risk of pregnancy-related complications 
compared to the natural conception group counterparts, 
including gestational diabetes mellitus (6.3% Vs. 2.2%), 
pregnancy induced hypertension (4.1% Vs. 2%), and 
placenta previa (5.5% Vs. 1.7%). Fifty-one point nine percent 
(51.9%) of the ART group mothers were admitted during the 
pregnancy, which was significantly higher than their natural 
conception group counterparts (p<0.001). Additionally, 
babies born through ART had poorer outcomes than the 
natural conception groups: the low birth weight (<2500g) was 

16 www.worldwidejournals.com



PARIPEX - INDIAN JOURNAL OF RESEARCH | December - 202Volume - 14 | Issue - 12 | 5 | PRINT ISSN No. 2250 - 1991 | DOI : 10.36106/paripex
(33)33.1% compared to 6.4% for babies born naturally. 

In an evidence check rapid review by the Sax Institute for 
NSW Kids and Families by Christos A Venetis, Georgina M 
Chambers. Two systematic reviews and Meta analyses show 
that in both twin (relative risk 1.78) and singleton (relative risk 
1.53) ART pregnancies the risk of GDM is higher compared to 
spontaneously conceived pregnancies. A large population 
based cohort study from Australia identified that younger the 
maternal age, the higher the probability of GDM in ART 

(34)pregnancies compared to spontaneously conceived ones. 

(35)In a study conducted by J Koudstaal et al  which evaluated 
the obstetric outcome in singleton pregnancies after IVF a 
high rate of preterm deliveries and an increased rate of small-
for-gestational age (SGA) children in comparison to the 
general parturient population have been reported. In this 
study 307 IVF pregnancies were compared with 307 control 
pregnancies after elaborate matching for an extensive 
number of maternal characteristics, as well as for the hospital 
that provided the obstetric care. In cases with spontaneous 
onset of labor, gestational age at delivery was 3 days shorter 
in the IVF group (275 versus 278 days, P = 0.05). The 
proportion of SGA was higher in the IVF group (16.2 versus 
7.9%, P< 0.001). The combination of these two results denotes 

 a distinct difference between IVF and control pregnancies.

(36)In a meta-analysis done by Sunita Tandulwadkar et al  on 
obstetric outcome in women treated with IVF and PCOS, they 
concluded that PCOS is often accompanied by infertility that 
necessitates ovulation induction, using clomiphene citrate, 
gonadotropins or even IVF. These treatment methods are 
known to increase the incidence of multiple pregnancies as 
well as some negative consequences, including a rise in the 
risk for GDM, pre-eclampsia, etc. Furthermore, pregnancies 
established after IVF carry an increased risk for maternal 
complications.

(4)The HAPO study  conducted on 23,316 participants 
calculated adverse pregnancy outcomes associated with an 
increase in fasting, 1 hour, 2 hour postprandial plasma 
glucose levels found that there is a strong and continuous 
association of maternal glucose levels below those diagnostic 
of diabetes with increased birth weight and increased serum 
C-peptide levels. They also found positive associations 
between increasing plasma glucose levels and each of the 
five secondary outcomes examined: premature delivery, 
shoulder dystocia or birth injury, intensive neonatal care, 
hyperbilirubinemia, and preeclampsia.

Long-term Considerations
Women with GDM are at increased risk for the development 
of diabetes, usually type 2, after pregnancy. Obesity and other 
factors that promote insulin resistance appear to enhance the 
risk of type 2 diabetes after GDM, while markers of islet cell-
directed autoimmunity are associated with an increase in the 
risk of type 1 diabetes. Also women who have had GDM 
manifest components of the metabolic syndrome more often 

(37)than do women without GDM. 

A history of GDM is also associated with an increased 
frequency of cardiovascular risk factors and cardiovascular 

 (38)events.  Offspring of women with GDM are at increased risk 
of obesity, glucose intolerance, and diabetes in late 

(39)adolescence and young adulthood. 

The National Institute of Child Health and Human 
(40) Development held a workshop on September 2005 to 

summarize the risks for adverse pregnancy outcomes after 
assisted reproductive technology (ART), develop an 
approach to counseling couples regarding these risks, and 
establish a research agenda. Assisted reproductive 
technology singleton pregnancies demonstrate increased 
rates of perinatal complications-small for gestational age 

infants, preterm delivery, and perinatal mortality-as well as 
maternal complications, such as preeclampsia, gestational 
diabetes, placenta previa, placental abruption, and cesarean 
delivery. Although it is not possible to separate ART-related 
risks from those secondary to the underlying reproductive 
pathology, the overall increased frequency of obstetric 
complications, including preterm birth and small for 
gestational age neonates, should be discussed with the 
couple. Significant gaps in knowledge were identified, and 
the basic science and clinical and epidemiologic research 
required to address these gaps is outlined.

MATERIAL AND METHODS
Study Area:
The study was conducted in the Department of Obstetrics, 
Gynecology and Infertility at Kerala Institute of Medical 
Sciences, Trivandrum.

Study Population:
The study included patients who underwent antenatal 
checkups in the Department of Obstetrics with a singleton 
pregnancy, conceived either spontaneously or following 
infertility treatment. The patients were registered at their 
booking visit, listed out on the basis of inclusion and exclusion 
criteria.

Inclusion Criteria:
Ÿ Women with singleton pregnancy
Ÿ Women with spontaneous conception and infertility 

treated conception
Ÿ Women with maternal age between 18-40 years
Ÿ Women who gave consent for the study

Exclusion Criteria:
Ÿ Women with multifetal pregnancy
Ÿ Women with maternal age <18 years, > 40 years
Ÿ Women with pre pregnancy diabetes
Ÿ Patients on metformin for PCOS
Ÿ Patients who denied consent for the study

Study Design: Prospective observational study.

Sample Size Estimation
Required sample size (n),

Desired confidence level (Z ) = 1.961-α/2

Power of the study(1-β)= 80%
 (31)p =10%1 

p = 4%2 

        p + p21 

p=
            2
Accordingly, n = 46. 

In the study we have included 56 women who conceived 
spontaneously (group 1) and 48 women who conceived with 
infertility treatment (group 2). A total of 104 were enrolled.

Study Duration
Two years from June 2016 to May 2018.

METHODOLOGY
Primary Outcome:
The patients selected as per the inclusion criteria were 
grouped based on the mode of conception – 
Group 1- spontaneous conception
Group 2 – infertility treated conception

In the first trimester, pregnant women were screened to rule 
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out overt diabetes. Women with fasting plasma glucose 
≥126mg/dl or HbA1c of over 6.5% were diagnosed with overt 
diabetes mellitus. Women who had fasting plasma glucose 
between 92-125mg/dl were considered to be GDM. Those 
who were normal were asked to come for an OGTT at 24-28 
weeks.

At 24- 28 weeks, women were screened for GDM using a 
single step or two step approach as advised by the consultant 
considering the risk factors.50g OGCT, 75g 2 hour OGTT or 
100g 3 hour OGTT was done. Thresholds were taken as in 
Table 1. Overt DM was diagnosed in women with FBG 
≥126mg/dl. If all the values were within normal limits, OGTT 
was repeated at 32-34 weeks or a fasting, 1 hour postprandial 
serum glucose values at the later gestations. Follow up was 
done in all cases throughout the course of pregnancy.

OGCT values more than 130 were taken as cut-off for OGCT in 
two step procedures. For OGTT fasting values >/=92mg/dl, 1 
hour value >180mg/dl, 2 hour values > 153mg/dl, 3 hour 
value > 140mg/dl were considered abnormal. Any two 
abnormal values were considered diagnostic of GDM.

Secondary Outcome: 
The prevalence of GDM in the study population was studied.

DATA COLLECTION METHODS: 
The data were collected from the subjects through a data 
collection form and the results of lab tests and other relevant 
details were collected from their electronic medical records; 
the consent for which was obtained at the time of entry to the 
study.

Statistical Methods
All data were entered into MS Excel and analyzed using the 
statistical software SPSS version 16. Descriptive statistics were 
summarized using means and proportions. The incidence of 
gestational diabetes was compared between spontaneous 
conception and infertility treated groups. Chi-square test was 
used for comparison of categorical variables. A p-value of < 
0.05 was considered statistically significant.

Ethical Consideration
Approval from Institutional Human Ethics Committee was 
obtained, and informed consent was collected before the 
study.

RESULTS AND OBSERVATIONS
The study was conducted on 104 women who were selected 
based on the inclusion, exclusion criteria.

Socio Demographics
1. AGE
Mean age (± SD) = 28.90 ± 4.30 years of age

Percentage Distribution Of The Sample According To Age

Figure 1: Age distribution

Table 3: Distribution Of Sample On Age Basis

In the study population, the number of women within the age 
group of up to 30 years was 72.4 % (n=76) which formed the 
majority, while only 27.6 % came under the group of age 
above 30 years. 

PARITY
Table 4: Percentage Distribution Of The Sample 
According To Parity

In our study population, 57.6 % ( n=61) were primiparas 
whereas 42.4 % (n=43) were multiparas. 

RELEVANT HISTORY
1. Past History Of Gestational Diabetes
Table 5. Distribution Of Sample Based On Past History Of 
GDM

In our study sample, 100 women were without any previous 
history of gestational diabetes, which contributed to 96.1 %. 
Only 4 (3.9 %) had history of gestational diabetes in previous 
pregnancies.

2. Family History
Table 6. Distribution According To Family History Of 
GDM, DM

Among the study population, 52.8 % (n=55), had no family 
history of GDM/ DM. But, 47.2 % (n=49) had history of GDM, 
DM in family.
 
3. Obstetric History
Table 7. Distribution Of Sample Based On Mode Of 
Conception

Figure 2: Distribution of sample based on mode of 
conception.

 Age group Count Percentage 
Up to30 years 76 72.4
>30 years 28 27.6
Total 104 100

Obstetric score Count Percentage 
Primipara 61 57.6
Multipara 43 42.4
Total 104 100

Past history Count Percentage 
Absent 100 96.1
Present 4 3.9
Total 104 100 

Family history Count Percentage 
Absent 55 52.8
Present 49 47.2
Total 104 100

Mode of conception Count Percentage
Spontaneous (group 1) 56 53.8
Infertility treated (group 2) 48 46.2
Total 104 100
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In our study population, 56 woman conceived naturally, which 
contributed to 53.8%; who constituted to the group 1; while 48 
(46.2%) conceived by infertility treatment, who formed the 
group 2.

Table 8.Type Of Infertility

Figure 3: Type of infertility

Among the study population a total of 48 women gave history 
of some type of infertility treatment. 75% (n=36) of women 
had history of primary infertility. Only 25 %( n=12) had 
history of secondary infertility.

Table 9. Type Of Treatment Taken For Infertility

Figure 4: Type of infertility treatment

Among the 48 women who received infertility treatment, 18.7 
% (n=9) had ovulation induction (OI), 33.3% (n=16) had IUI; 
whereas 48% (n=23) underwent IVF.

Table 10. Pre-pregnancy BMI

Among the study population, 9.6 % had pre-pregnancy BMI 
2 2less than 20 kg/m , 50% had BMI between 20-25 kg/m and 

40.4% had BMI more than 25%. The second category of pre-
2 pregnancy BMI between 20-25 kg/m constituted the majority.

Table 11. Distribution Based On Weight Gain In 
Pregnancy

In the study population, in the study population 9.6% had 
weight gain in pregnancy less than 10kg. 37.5% had weight 
gain between 5-10kg, whereas the majority 52.9% had a 
weight gain more than 10kg.

Table 12. Use Of Hormonal Supports

Among 104 women, 47 had no history of hormonal supports 
used anytime in pregnancy, whereas 57 gave history of some 
method of hormonal supports used during the course of 
pregnancy.

Incidence Of Gestational Diabetes

Figure 5: Incidence Of GDM In Each Group

Table 13: Occurrence Of Gestational Diabetes

Among the study population 62.5% (n=65) had not developed 
GDM, whereas 37.5% (n=39%) developed GDM.

Table 14: Comparison Of Incidence Of GDM Between 
Two Groups

 
Among the study population, 64.2% (n=36) of the group 1 
subjects did not develop GDM, whereas 35.8% developed 
GDM. Considering the incidence in group 2, 60.5% (n=29) 
did not develop GDM, whereas 39.5% (n=19) developed 
GDM.

Table 15: Difference In Incidence Of GDM Among Group 
1 And Group 2.

 
p value=0.69* 

*p value <0.05 -significant

Among the study population, in group 1 - 35.7% (n= 36) 
developed GDM, whereas in group 2 – 39.6% developed 

Type of infertility Count Percentage 
Primary 36 75
Secondary 12 25
Total 48 100

Type of treatment Count Percentage 
OI 9 18.7
IUI 16 33.3
IVF 23 48
Total 48 100

Pre-pregnancy BMI Count Percentage 
2<20 kg/m 10 9.6

220-25 kg/m 52 50

2>25 kg/m 42 40.4

Total 104 100

Weight gain Count Percentage
Less than 5 kg 10 9.6
5-10kg 39 37.5
More than 10kg 55 52.9
Total 104 100

Hormonal support Count Percentage 
No 47 45.2
Yes 57 54.8
Total 104 100

GDM COUNT PERCENTAGE
NO GDM 65 62.5  
GDM 39 37.5
TOTAL 104 100

GDM GROUP 1 GROUP 2
Absent 36 (64.2%) 29 (60.5%)
Present 20 (35.8%) 19 (39.5%)
Total 56 (100%) 48 (100%)

Mode Of Conception GDM
Absent N=65 Present N=39

GROUP 1 36(64.3%) 20(35.7%) 
GROUP 2 29(60.4%) 19(39.6%)
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GDM. There is no statistically significant difference in the 
incidence of GDM among spontaneous and infertility treated 
pregnancies.

Table 16: Association Between Age Group And GDM

p value = 0.04*

*p value <0.05 –significant

Figure 6: Association between GDM and age group

Among the study participants those who had age more than 
30years,53.6% develop GDM compared to age group less 
than 30 years. (31.6%). There is a significant difference in the 
incidence of GDM between these two age groups (p value 
0.04).

Among the >30years age group, 32.1% (n=9) conceived 
spontaneously, whereas 67.9% (n=19) had infertility 
treatment. In the infertility treated group, 52.6% (n=10) 
developed GDM.

Table 17: Prevalence Of GDM In Study Population

Among the study population of 104, 37.5% (n= 39) had GDM at 
the time of study.

DISCUSSION
The overall finding of the present study showing no significant 
risk of GDM after infertility treatment is contradictory to the 
majority of previous studies in this research field. The vast 
majority of those studies assessed the risk of GDM among 
women undergoing fertility treatment to conceive. For 

 (32)example, Wang et al  found a 36% higher risk of GDM among 
Australian women who conceived after assisted reproductive 
technology (ART) than among women who conceived without 

 (41)ART. Similar findings were reported by Maman et al , who 
found that the risk of GDM was nearly double among women 
who conceived after ovulation induction alone or ART 
compared with women who conceived spontaneously. Two 
meta-analyses conducted to summarize the results of studies 
on ART and associated obstetrical complications showed a 

(21)doubling of the risk of GDM after in vitro fertilization  and a 
52% increased risk of GDM after fertilization with the use of 

( 4 2 )intracytoplasmic sperm injection  compared with 
spontaneous conception.

(43)In a prospective analysis by Tobias DK et al  in 40,773 
eligible pregnancies, incident GDM occurred among 1,405 
participants (5.2%) over 10 years of observation. A history of 
infertility was significantly associated with an increased risk 
of GDM. In the age-adjusted model, pregnancies among 

women with a history of infertility had a significant 50% 
higher GDM risk compared with those without such history 
(RR = 1.50, 95% CI: 1.34, 1.69) (P< 0.001). Adjustment for pre-
pregnancy BMI and BMI change since age 18 years somewhat 
attenuated this relationship (RR = 1.38, 95% CI: 1.23, 1.55) (P< 
0.001). Additional adjustment for additional pre-pregnancy 
lifestyle characteristics and GDM risk factors indicated that 
women with a pre-pregnancy history of infertility had a 
significant 39% greater risk of developing GDM compared 
with those without such history (RR = 1.39, 95% CI: 1.24, 1.57) 
(P< 0.001).

(31)In a cross sectional study by Ashrafi M et al  compared the 
incidence of gestational diabetes mellitus between 
pregnancies conceived spontaneously and pregnancies 
conceived following assisted reproductive technology. The 
incidence of GDM was significantly higher in the IVF/ICSI and 
IUI groups (43% and 26%, respectively) compared with the 
spontaneous pregnancy group (10%).

(44)In another cohort study conducted by Stern et al to compare 
the risks for adverse pregnancy and birth outcomes by 
diagnoses with and without ART treatment to non-ART 
pregnancies in fertile women, they concluded that 
Gestational diabetes was increased for women with ovulation 
disorders (ART: 2.17(OR); non-ART: 1.94).

(45)In a case control study by Reubinoff  BE et al comparing 260 
women who conceived after IVF and 260 spontaneously 
conceived women, found that there were no statistically 
significant differences in the rate of GDM (p=0.16). In another 

 (46)case control study conducted by Tallo CP et al  comparing 
101 IVF and spontaneously conceived pregnancies, the 
incidence of gestational diabetes was not statistically 

 (35)significant. A study by Koudstaal et al  assessing the 
pregnancy outcome following IVF pregnancies also gave 
similar results.

 (47)In a cohort study conducted by Jaques et al  in sub fertile 
conceiving without infertility treatment, there was weak 
evidence for gestational diabetes (adjusted OR 1.25, 0.96-
1.63).

The present study  is also consistent with the above studies 
suggesting no statistical significance in the incidence of GDM 
following infertility treated pregnancies compared to 
spontaneous conception group (p=0.69).

Prevalence Of Gestational Diabetes In Kerala 
(48)In a study by Mohan MA  at a tertiary hospital in North 

Kerala, the prevalence of GDM was estimated at 15.9%. The 
study showed higher prevalence of risk factors and 
complications such as age >25 years, BMI >26kg/m2, family 
history of DM, past history GDM, history of big baby, 
gestational hypertension, vaginal candidiasis, premature 
rupture of membranes and hyperbilirubinemia in GDM 
group as compared to non-GDM group. The study also 
demonstrated that modern life-style was a major influencing 
factor for development of diabetes in the study population.

In another study evaluating the prevalence of GDM on 700 
antenatal patients attending a private hospital in Trivandrum 

 (49)by Paulose KP , the prevalence of GDM was 11.2%. 

(50)Another study by Sreekanthan K et al  on prevalence of GDM 
in Kollam district showed that the prevalence of GDM was 17%.

The prevalence of GDM in our study population turned out to 
be much higher (almost double) than that obtained in any 
other similar studies in Kerala (37.5%). This may be attributed 
to the high risk population seeking medical care at our 
institution and the high risk population in this part of Kerala. 

Other Relevant Associations

Age Group GDM
Absent( N=65) Present N=(39)

Less than 30yrs 52(68.4%) 24(31.6%)
More than 30yrs 13(46.4%) 15(53.6%)

GDM COUNT PERCENTAGE
NO GDM 65 62.5  
GDM 39 37.5
TOTAL 104 100
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There has been a statistically relevant increase in incidence of 
gestational diabetes in women with increasing age (53.6% in 
age group more than 30 years, while only 31.6% in women 
less than 30 years).

Strength Of The Study
i. This was the first study of its kind from South Kerala
ii. All the blood investigations were done from the in-house 
biochemistry laboratory which is accredited by National 
Accreditation Board for testing and calibration of 
Laboratories (NABL).
iii. Compared to other studies reviewed our study included 3 
modes of infertility treatment.

Limitations Of The Study
i. We feel that the sample size was small to assess the statistical 
significance for the risk factors.
ii. The study population was not matched for confounders.
iii. The analysis was done for all three modalities of infertility 
treatment together- individual analysis was not done in view 
of small numbers involved.

CONCLUSION
Primary Outcome
The overall incidence of gestational diabetes in infertility 
treated women (39.6%) was comparable to that in 
spontaneously conceived women (35.6%) with singleton 
pregnancies, even though it was slightly higher but not 
statistically significant.

Secondary Outcome
The prevalence of gestational diabetes in our study 
population has been found to be 37.5%.

In addition, we have also found an increasing incidence of 
gestational diabetes within the age group more than 30 years.
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