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Abstract

Gestational diabetes mellitus (GDM) is defined as any
degree of hyperglycaemia that is recognized for the first
time during pregnancy. This definition includes cases of
undiagnosed type 2 diabetes mellitus (T2DM) identified
early in pregnancy and true GDM which develops
later. GDM constitutes a greater impact on diabetes
epidemic as it carries a major risk of developing T2DM
to the mother and foetus later in life. In addition, GDM
has also been linked with cardiometabolic risk factors
such as lipid abnormalities, hypertensive disorders and
hyperinsulinemia. These might result in later development
of cardiovascular disease and metabolic syndrome.
The understanding of the different risk factors, the
pathophysiological mechanisms and the genetic factors
of GDM, will help us to identify the women at risk, to
develop effective preventive measures and to provide
adequate management of the disease. Clinical trials
have shown that T2DM can be prevented in women
with prior GDM, by intensive lifestyle modification and by
using pioglitazone and metformin. However, a matter of
controversy surrounding both screening and management
of GDM continues to emerge, despite several recent well-
designed clinical trials tackling these issues. The aim of
this manuscript is to critically review GDM in a detailed
and comprehensive manner, in order to provide a scientific
analysis and updated write-up of different related aspects.
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Core tip: Gestational diabetes mellitus (GDM) constitutes
a greater impact on the overwhelming diabetes epidemic.
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The recent IADPSG revised criteria are considered land-
mark and evidence based approach in the evolution of
screening and diagnosis of GDM. However, there is, still,
no consensus on its application, mainly due to concerns
related to the benefit of treatment in the additionally
diagnosed women and the increased cost. Herein, the
authors discuss screening and diagnostic criteria, risk
factors, etiology and pathophysiology of GDM along with
standard management in antenatal period and during
labor.
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INTRODUCTION

From a historical perspective, diabetes in pregnancy
was considered as a fatal condition to both mother and
foetus prior to the discovery of insulin in 1921™, In
1950 Hoet et al”’ described the neonatal and obstetric
complications of hyperglycaemia in pregnancy. They
reported that the “milieu interieur” at the time of foetal
life was related with the characteristic features of
the infant born. According to this theory , this milieu
predisposes the child to obesity, hyperglycaemia and
ultimately diabetes. Hoet et al* emphasized on the
need to correct the “transitory hyperglycaemia of
pregnancy” by insulin, to prevent “meta-gestational
diabetes” in mother and metabolic consequences in
the infant™™. Even earlier than Hoet et al'¥, Jorgen
Pedersen reported that the maternal metabolic milieu of
hyperglycaemia, increases the foetal blood glucose level
and results in pancreatic islet hypertrophy, which in turn
increases insulin secretion, consequently increasing
also the glucose consumption by the foetus™. The
Hyperglycemia and Adverse Pregnancy Outcome Study
(HAPO), demonstrated that the increase in maternal
glucose level was associated with increased umbilical
C-peptide and infant’s body weight at birth™..

DEFINITION AND CLASSIFICATION OF
DIABETES IN PREGNANCY

The classification of abnormalities of glucose intole-
rance recognized in pregnancy, is necessary for both
epidemiological and clinical purposes. The World
Health Organization (WHO) in previous reports defined
gestational diabetes mellitus (GDM) as either diabetes
or glucose intolerance that is primarily detected during
pregnancy. This loose definition of GDM includes a
category of “severe hyperglycaemia” lacks a strong
evidence basis, from randomized controlled clinical trials
(RCTs)P!, Several trials investigated the association
between the glycaemic status of the mother and
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the outcome in both mother and foetus. However,
these trials did not include the category of “severe
hyperglycaemia” in their design. For instance, in HAPO
study mothers with fasting blood glucose > 5.8 mmol/L
and 2-h post oral glucose load > 11.1 mmol/L were
excluded™. The Australian Carbohydrate Intolerance
Study in Pregnant Women (ACHOIS), excluded
mothers with fasting blood glucose = 7.0 mmol/L and
2-h post oral glucose load > 11.0 mmol/L®.. Moreover,
in a study from Landon et al'”!, mothers with fasting
blood glucose = 5.3 mmol/L were also excluded from
the trial. The term “overt diabetes” has been used by
the International Association of Diabetes and Pregnancy
Study Groups (IADPSG) to describe the category of
severe hyperglycaemia that was mimicking pre-existing
diabetes (PED)™.

The classic classification system of diabetes in
pregnancy was initially developed by Dr. Priscilla White in
1949 and referred currently as the White’s classification.
On the basis of age at onset, diabetes duration,
metabolic, and vascular complications, Dr. White
divided diabetes in pregnancy in classes from “A” (more
favourable) to “F” (less favourable). The original White’
s classification underwent multiple modifications, until
1980, The first revision was done in 1965 by shifting
vascular complications to "D” and adding class “R”
which denotes the presence of proliferative retinopathy.
In 1972 a further update was made in which, GDM
was included in class “A” and class “D” was subdivided
into five categories. The latest modification applied
to the White's classification includes addition of GDM
as a distinct separate class and deletion of class “E”
and “G"®, The American College of Obstetricians and
Gynecologists (ACOG) proposed another classification
for GDM, adding a note for the presence or absence of
metabolic complications, doubting the usefulness of the
White’s classification in clinical practice!”.

Currently, the term diabetes in pregnancy has been
suggested to include all cases of hyperglycaemia ob-
served during pregnancy comprising GDM and PED. The
latter include pre-gestational type 2 diabetes mellitus
(T2DM) and type 1 diabetes mellitus (T1DM)™"", and
GDM is defined as any degree of hyperglycaemia that
is recognized for the first time during pregnancy. This
definition of GDM should be understood as to include
cases of undiagnosed T2DM “overt diabetes” identified
early in pregnancy and true GDM which develops later
in pregnancy™”'! (Figure 1).

UNIVERSAL VS SELECTIVE APPROACH
OF GDM SCREENING

The screening for GDM, that was established 50 years
ago, demonstrates the increased risk of hyperglycaemia
during pregnancy', and the evidence supporting that
effective treatment may reduce hyperglycemia related
adverse pregnancy outcomes'®®. However, the decision
of whether the screening for GDM should be performed
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Figure 1 Classification of diabetes in pregnancy™”". GDM: Gestational
diabetes mellitus; PED: Pre-existing diabetes; T1DM: Type 1 diabetes mellitus;
T2DM: Type 2 diabetes mellitus.

in all pregnant women or selectively in women at high
risk of developing T2DM was controversial.

Early screening for GDM is of particular importance,
especially in women from population endemic in T2DM.
However, early screening for GDM and increased rate of
diagnosis is expected to increase psychological stress!**.

In the first antenatal visit, IADPSG recommends
either universal or selective screening for women at
high risk, to identify women with overt diabetes. In
the second phase at 24-28 wk’ gestation the IADPSG
recommends screening for GDM for all women, i.e.,
universal screening using 2-h 75g OGTT. Performing
selective screening, as recommended by the IADPSG,
in early pregnancy is uncontroversial among various
expert groups. However, universal screening for all
women, using a 75-g OGTT in late pregnancy, remains
controversial®, The ADA™? and the ADIPS™! support
universal screening, while the National institute for
health and Clinical excellence (NICE)™* and the
Scottish Intercollegiate Guidelines Network (SIGN)™,
recommend selective screening for women with risk
factors. Moreover, NICE recommends early screening
with a 75-g OGTT in women with previous history of
GDM, and at 24-28 wk’ gestation for those with risk
factors!*¥,

Current guidelines suggest selective screening
during pregnancy based on the presence of risk factors.
However, there is no international agreement about
which factors will best identify GDM risk, while some
of them are defined differently. For instance, BMI > 30
kg/m? is suggested by the NICE and SIGN™, as a
risk factor for GDM, while ADIPS suggest a BMI > 35
kg/m?** and ADA > 25 kg/m**?, Maternal age was
only used by the ADIPS to identify women for selective
screening but not by NICE, SIGN or ADA (Table 1),
A retrospective observational study designed to assess
the selective risk factors recommended by the NICE,
ADIPS and ADA was undertaken in women who were
screened for GDM using 2-h 75 g OGTT. The sensitivity
and specificity of each screening guideline to identify
GDM based on these predictors was calculated. The
study reported that the most sensitive risk factors for
GDM development were the increased maternal age,
the increased body weight and past history of GDM.
The ADA factors were found to have a sensitivity of
100% and specificity of 3.9%, whereas, both NICE
and ADIPS factors had a superior specificity compared
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Table 1 Risk factors for gestational diabetes mellitus defined

by the expert groups™'>"*!

NICE™ and SIGN™
BMI > 30 kg/m”
Previous history of macrosomic baby = 4.5 kg
Previous history of GDM
Family history of diabetes (first-degree family member with diabetes)
Ethnic backgrounds
South Asian (India, Pakistan or Bangladesh)
Black Caribbean
Middle Eastern (Saudi Arabia, United Arab Emirates, Iraq, Jordan,
Syria, Oman, Qatar, Kuwait, Lebanon or Egypt)
ADIPS™
Moderate risk factors for GDM
Ethnic backgrounds: Asian, Indian, Aboriginal, Torres Strait Islander,
Pacific Islander, Maori, Middle Eastern, and non-White African
BMI 25-35 kg/m’
High risk factors for GDM
Previous history of GDM
Previous history of high blood glucose
Age = 40 yr
Family history of diabetes (1* degree relation with diabetes or a
sister with GDM)
BMI > 35 kg/m”
Previous history of macrosomic child = 4.5 kg
PCOS
Medications: Corticosteroids, antipsychotics
ADAM
BMI > 25 kg/m’
No physical activity
1* degree relation with diabetes
Ethnic backgrounds (African-American, Latino, Native-American,
Asian-American, Pacific Islander)
Previous macrosomic child > 9 Ib
Previous history of GDM
Hypertension
HDL-C < 0.90 mmol/L and/or triglyceride > 2.82 mmol/L
PCOS
HbAlc = 5.7% and previous IGT or IFG
Signs of insulin resistance such as acanthosis nigricans
History of CVD

ADA: American Diabetes Association; HDL-C: High-density lipoprotein
cholesterol; IFG: Impaired fasting glycaemia; IGT: Impaired glucose
tolerance; NICE: National Institute for Health and Clinical Excellence;
PCOS: Polycystic ovarian syndrome; SIGN: Scottish Intercollegiate
Guidelines Network; ADIPS: Australasian Diabetes in Pregnancy Society;
BMI: Body mass index; CVD: Cardiovascular disease; GDM: Gestational
diabetes mellitus; HbAlc: Glycosylated haemoglobin.

to ADA (NICE: 32.4%; ADIPS: 13.7%), but lower
sensitivity (NICE: 92.7%; ADIPS: 98.6%). It is obvious
that the number of women who would be screened for
GDM is higher with the use of the ADA proposed risk
factors compared to those proposed by the NICE and
the ADIPS, therefor fewer women were exempted from
screening, almost similar to the universal screening.
On the other hand, less women would be targeted for
screening with the use of NICE and ADIPS guidelines,
thus, more women with GDM would be missed®..

RISK FACTORS FOR GDM

Common risk factors
Several risk factors have been implicated in the de-
velopment of GDM. In general, these are similar to
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the factors associated with overt diabetes and include
increased maternal age, obesity, ethnic background,
family history of T2DM and a previous history of GDM.
In addition, other risk factors include previous history
of a macrocosmic baby, previous adverse pregnancy
outcome, glycosuria, polyhydramios or large foetus
in present pregnancy!®. Among these risk factors,
increased maternal weight is the most commonly
evaluated reversible risk factor. In a nested case-control
study, women who presented an increasing weight at a
rate of 2.3-10.0 kg/year had a 2.5-times increased risk
for GDM™, In a population-based study, women with
PCOS had 2.4-times increased odds for GDM compared
with women without PCOS"®., Some medications
used to treat other conditions, may also affect glucose
intolerance increasing the risk for GDM™®?°!, Other
reported risk factors include essential hypertension or
gestational hypertension and multiple pregnancies™,

Dietary risk factors
Several cross-sectional and retrospective studies have
shown that consumption of macronutrient constituents
of the diet during pregnancy may predict development
of GDM™Y, Wang et af** demonstrated an independent
significant relationship between reduced intake of
polyunsaturated fat and development of GDM. In
another study evaluating the effect of lifestyle behavior
in white women, revealed a significant correlation of high
consumption of saturated fat consumption and risk of
GDM, whereas high consumption of polyunsaturated fat
was associated with decreased risk for GDM™, Moreover,
the prospective Nurses’ Health Study II (NHS-1I)
provided data for several dietary factors among female
nurses in the United States in relation to risk for different
diseases. In this study the “prudent dietary pattern”
included an increased consumption of fruit, green leafy
vegetables, poultry, and fish, in contrast to the “Western
pattern” which included an increased consumption of red
meat, processed meat, refined grain products, sweets,
French fries, and pizza. Analyzing the dietary patterns
and their association with the risk of GDM development
in NHS-1I trial, it was found a significant relative risk (RR)
for GDM development with the increased intake of the
Western diet and the decreased intake of prudent diet®*.
Other types of diet that influence the risk of GDM include
high glycemic load and a low cereal-fiber diet?®"*,
Micronutrients have also been found to influence
glucose tolerance. Zhang et al® studied the effect of
ascorbic acid using data from the prospective OMEGA
study. In this study a maternal level of ascorbic acid <
55.9 umol/L was found to be associated with a 3.1-times
increased risk for GDM compared with maternal level
of = 74.6 ymol/L. Women whose vitamin C intake was
< 70 mg per day were found to be associated with
a 1.8-times increased risk for GDM compared with
higher intakes™®. The effect of vitamin D status on
the risk of GDM was assessed in a nested case-control
study from a prospective cohort of pregnant women.
A maternal plasma level of 25-hydroxyvitamin D < 20
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ng/mL was found in 33% of women diagnosed with
GDM compared to 14% in the control group. After
adjustment for other confounding factors, a maternal
level of 25-hydroxyvitamin D < 20 ng/mL was found to
be associated with a 2.66-times increased risk for GDM
compared with the control group*®”.

SCREENING AND DIAGNOSTIC CRITERIA
FOR GDM

From a historical perspective, O'Sullivan et af***! first
to provide an evidence for the benefits of screening
glycaemic abnormalities during pregnancy in women
without history of diabetes. They suggested diagnostic
criteria for GDM on the basis of a 3-h 100 g oral glucose
tolerance test (OGTT) that have been justified to predict
later development of diabetes and the risk of increased
perinatal morbidity and mortality in pregnant women
with GDMP*%),

A significant debate has been shown to surround the
issue of defining glucose abnormalities in pregnancy during
the 50 years following the O'Sullivan and Mahan'’s criteria.
The major reason for this dispute in diagnosis is the
existence of several diagnostic criteria and glycaemic
cut-offs for detection of GDM.

O’Sullivan and Mahan diagnostic criteria for GDM

These were obtained from the results of a study
carried out by O'Sullivan et ai*® in 1964 and included
752 pregnant women who screened for GDM using
3-h 100 g OGTT. Whole venous blood glucose rather
than plasma glucose was estimated using Somogyi-
Nelson measurements®® in four samples (Table 2).
Consequently, O'Sullivan et af***"! was able to predict the
development of diabetes over a period of 7-8 years in
29% of women whose whole blood glucose values were
more than two standard deviations above the mean.
Accordingly, the cut-off values for diagnosis of GDM
were estimated based on the mean plus two standard
deviations rounded to the nearest 5 mg/dL. These two

cut-off values were required to make the diagnosis (Table
2)[28,31].

NDDG criteria

Following the O’Sullivan and Mahan study, glucose
levels were measured in plasma rather than whole
blood venous samples. Accordingly, the NDDG proposed
cut-off values of glucose for GDM diagnosis were the
same with the ones proposed by O’Sullivan and Mahan,
converted from whole blood to plasma values (Table 2).
In NDDG criteria, however, the 1-h blood glucose value
changed from 165 mg/dL (O’Sullivan’s criteria) to 170
mag/dL without any dlarification™2.

Carpenter and Coustan criteria

A further modification was also made to the original
O’Sullivan and Mahan diagnostic criteria by Carpenter
and Coustan™ in 1982. This modification was based
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Table 2 Various diagnostic criteria for gestational diabetes mellitus and cut-off values

Diagnostic criteria Sample WVB (mg/dL) VP
O’Sullivan and Mahan (Women screened using 3-h 100 g OGTT and two cut-off values are required Fasting 90 90 mg/dL
to diagnose GDM)™**!! 1h 165 165 mg/dL
2h 143 145 mg/dL
3h 127 125 mg/dL
NDDG criteria (Women screened using 3-h 100 g OGTT and two cut-off values are required to Fasting 90 105 mg/dL
diagnose GDM)*? 1h 170 190 mg/dL
2h 145 165 mg/dL
3h 125 145 mg/dL
Carpenter and coustan criteria (Women screened using 3-h 100 g OGTT and two cut-off values are Fasting 90 95 mg/dL
required to diagnose GDM)™” 1h 165 180 mg/dL
2h 143 155 mg/dL
3h 127 140 mg/dL
WHO 1999 criteria (Women screened using 2-h 75 g OGTT and one cut-off value is required to Fasting 126 mg/dL
diagnose GDM)"! 2h 140 mg/dL
Recent IADPSG criteria (GDM) (Women screened using 2-h 75 g OGTT and one cut-off value is Fasting 92 mg/dL
required to diagnose GDM)" 1h 180 mg/dL
2h 153 mg/dL
Recent IADPSG criteria (Overt diabetes) (Women screened using 2-h 75 g OGTT and one cut-off Fasting 126 mg/dL
value is required to diagnose GDM)™ HbAlc = 6.5%
RPG 200 mg/dL

GDM: Gestational diabetes mellitus; RPG: Random plasma glucose; VP: Venous blood; WHO: World Health Organization; WVB: Whole venous blood;
HbA1c: Glycosylated haemoglobin; IADPSG: International Association of Diabetes and Pregnancy Study Groups; NDDG: National Diabetes Data Group;

OGTT: Oral Glucose Tolerance Test.

on the fact that the whole blood glucose determined by
the non-specific Somogyi-Nelson technique measures
both glucose and other reducing constituents. In
the late 1970s, glucose levels were measured using
glucose oxidase technique. With this method glucose
levels were approximately 5 mg/dL lower compared to
Somogyi-Nelson technique". Accordingly, Carpenter
and Coustan™ used the original O'Sullivan and Mahan
values by subtracting 5 mg/dL from the blood glucose
values to offset the difference in the analytic method
used, and added 14% to offset the variation of changing
from whole blood to plasma values®*** (Table 2).

The glucose cut-off values in the Carpenter and
Coustan criteria were lower than that in O’Sullivan and
the NDDG diagnostic criteria. This may explain, in part,
the increasing prevalence of GDM in the years followed.
Ferrara et al*® demonstrated this theory in a cohort of
multi-ethnic Northern California women who were not
known to have diabetes before. The population was
screened for GDM using 1-h 50 g OGTT and those who
had a plasma glucose = 140 mg/dL underwent further
3-h 100 g OGTT. In this cohort the prevalence of GDM
appeared to be significantly increased when applying
Carpenter and Coustan criteria compared to NDDG
criteria™.

WHO 1999 criteria

The WHO criteria include a 2-h 75 g OGTT test. This test
was first introduced in the 1980s for type 2 diabetes
and glucose abnormalities diagnosis. In particular, a 75
g of glucose were administrated orally to a pregnant
woman following by an overnight fast of 8 to 14 h.
Plasma glucose was measured in the fasting state,
and 2 h later. Unlike the 3-h 100 g OGTT, 1 hand 3 h
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measurements were not required. Only one cut point
was sufficient to diagnose GDM (Table 2)P!. Compared
to the O’Sullivan and Mahan diagnostic criteria, the
WHO 1999, criteria were not evidence-based, as their
cut-off values were selected arbitrary according to
expert opinion and consensus. However, the validity of
this test as screening tool was only evidenced recently
after being used in the HAPO study™.

Recent IADPSG criteria

In 1998, IADPSG organization was established. The
main goal of this organization was to enable cooperation
between different national and international societies
with principal interest on diabetes in pregnancy. The
evidence provided by the HAPO study, formed the basis
of the recent IADPSG criteria for screening and diagnosis
of GDM®, HAPO study included 25505 pregnant women
from a diverse, heterogeneous, multinational population
from 15 centers, designed to evaluate the risk of
adverse outcomes related to the maternal glycaemic
values that previously were considered normal. GDM
was screened with a 2-h 75 g OGTT at 24- to 32-wk
gestation™. Unlike previous studies, HAPO study was
designed to evaluate the development of adverse
pregnancy outcomes rather than future development of
T2DM™., In 2008 the IADPSG consensus panel decided
to set the level of glucose thresholds for GDM diagnosis
based on the odds ratio of 1.75 relative to the mean
for specific adverse outcomes. Accordingly, the glucose
thresholds for diagnosis of GDM were calculated as the
average glucose levels at which odds ratios for adverse
outcomes have attained 1.75 times the estimated
odds ratios for their development. The Consensus
Panel members of the IADPSG also reviewed the data
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surrounding the issue of overt diabetes detected during
pregnancy. Due to lack of evidence from well-designed
RCTs they proposed diagnostic criteria based on expert
opinion. The IADPSG recommended screening for the
presence of this category during the first antenatal visit
by performing FPG, random plasma glucose (RPG) or
glycosylated haemoglobin (HbA1c). Only one abnormal
value was proposed to be sufficient to diagnose overt
diabetes (Table 2). A 2-h 75 g OGTT earlier than 24-28
wk of gestation was not routinely advised. However,
it was proposed that all pregnant women should
undertake this test at 24-28 wk of pregnancy excluding
those with diagnostic results for overt diabetes or GDM
at first antenatal visit. Upon performing 2-h 75 g OGTT
at 24-28 wk gestation, GDM is recognized based on
the cut-off values of FPG, 1-h plasma glucose, or 2-h
plasma glucose (Table 2). It is noteworthy that, only
one abnormal glucose value is sufficient to diagnose
GDM, while a FPG value of more than 92 mg/dL in early
pregnancy is sufficient to diagnose GDM®!,

Falavigna et al®® reported significant benefits of
screening and subsequent treatment of GDM with
the use of IADPSG criteria compared to the previous
WHO 1999 criteria. Consequently, the 2011 ADA guide-
lines recommended IADPSG criteria for screening
and diagnosis of GDMP”), However, three years later
(2014) ADA guidelines, recommended either the “one-
step” approach performed using 2-h 75-g OGTT, or the
previous Carpenter and Coustan “two-step” approach
using 1-h 50-g OGTT screening followed by 3-h 100-g
OGTT™, The reason behind this change in ADA
guidelines was addressed by the National Institutes of
Health (NIH) as a reason for the increasing prevalence
of GDM noting also the uncertainty related to benefit
of treatment in the additionally diagnosed women as a
result of the new criteria®®.

Cost-effectiveness of detecting GDM using the new
criteria

Obviously the increased prevalence of GDM upon using
the Carpenter and Coustan criteria would lead to greater
health care cost. Studies demonstrated that women with
GDM diagnosed by the Carpenter and Coustan criteria
but not identified by the NDDG criteria had increased
risk of adverse outcomes such as macrosomia, heonatal
hypoglycaemia, and hyperbilirubinemia®>.,

The IADPSG criteria have been adopted by various
expert groups including the ADA™”, the WHO™ and the
Australasian Diabetes in Pregnancy Society (ADIPS)™.
However, the concerns related to the benefit of treat-
ment in the additionally diagnosed women and the
increased cost of the health care services impedes its
wide use. The recently conducted prospective St. Carlos
Gestational Diabetes Study was designed to assess the
cost-effectiveness of the “one-step” IADPSG, compared
with the “two-step” Carpenter and Coustan criteria.
The prevalence of GDM in the population evaluated by
Carpenter and Coustan criteria was 10.6% and reached
35.5% when using the IADPSG criteria. This study
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demonstrated a reduction in the rate of gestational
hypertension, prematurity, need for cesarean delivery,
small for gestational age (SGA), Large for Gestational
Age (LGA) and admission to Neonatal Intensive Care Unit
(NICU) with the use of the new criteria. In addition, a
total of €14358.06 per hundred women would be saved
if IADPSG criteria were applied instead of Carpenter
and Coustan criteria™!). Therefore this recent evidence
demonstrates improved pregnancy outcomes together
with cost-effectiveness despite the rise in prevalence
which may supports the use of the IADPSG criteria as an
international standard approach.

EPIDEMIOLOGY

Epidemiology data are useful in both health care plan-
ning and cost savings. The prevalence of GDM has
been progressively increasing and it reflects the back-
ground prevalence of obesity and T2DM in general
population®**), Higher rates of GDM were found to raise
in parallel with higher rates of T2DM. This may be related
to the common risk factors including obesity, physical
inactivity, ethnic background and urbanization™. In a
cohort of 123040 Northern Californian pregnant women
without pre-existing diabetes, Hedderson et af** reported
that the prevalence of GDM was low among non-Hispanic
white women and African Americans, and high in Asians
and Filipinas (Figure 2). Interestingly higher rates of GDM
were demonstrated among those with lowest BMI (Asians
and Filipinas) and lower rates were found in those with
highest BMI (non-Hispanic white women and African
Americans)™*,

The exact prevalence rate of GDM remains unknown
and may differ widely based on the diagnostic criteria
used for screening. In recent years the diagnostic
criteria have changed considerably and there has been
no agreement about which criteria to use. In the new
IADPSG criteria only one value is sufficient to confirm
the diagnosis and this may increase the prevalence of
GDM to rates as high as 15%-20%"".

Variation in prevalence rates could also be related to
diversity of the populations being studied. In populations
at low risk for GDM, such as in Sweden, the prevalence
is less than 2%, while in those at high risk, such as the
Indigenous American, Northern Californian Hispanics and
Northern Californian Asians, the prevalence ranges from
4.9% to 12.8%"°. Also higher rates were observed in
Middle East countries such as in United Arab Emirates
(20.6%), Qatar (16.3%), Bahrain (13.5%) and Saudi
Arabia (12.5%). Some developed countries have also
higher prevalence rates such as Canada (17.8%) and
France (12.1%), but lower rates were observed in
Australia (9.5%) and 4.8% in United States!*®’,

ETIOLOGY AND PATHOPHYSIOLOGY OF
GDM

Pregnancy represents a complex metabolic and
physiological condition that can be considered as a
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Figure 2 Ethnic variations in the prevalence of gestational diabetes mellitus™.

status of biological tolerance test which has the ability
to detect insulin resistance earlier'"!, Insulin resistance
in pregnancy could be the result of maternal obesity
with varying degree of adipocytokine production,
or increased production of diabetogenic placental
hormones. In addition to insulin resistance, pancreatic
B-cell dysfunction might also play a role in the patho-
physiology of GDM (Table 3).

Obesity, pregnancy and inflammatory status

Obesity and overweight are nearly frequent findings
among women in their childbearing years. In the
United Kingdom 32% of women whose age ranges
between 35-64 years old are overweight and 21% of
them are obese'’!. Obesity is considered a state of
chronic inflammation in which inflammatory markers
are produced in excess to systemic circulation. These
inflammatory markers influence alterations in post-
receptor insulin signaling resulting in increased
insulin resistance™®. Moreover, pregnancy per se is
an additional inflammatory condition in which there
is physiological adaptation of the innate immune
system to prevent rejection of the growing foetus. In
normal pregnancy, the cytokines produced by humoral
immunity significantly predominate in activity over
that produced by cell-mediated immunity. This strong
shifting towards humoral immunity has a beneficial
role in maintaining a good relationship between mother
and foetus at the expense of creating an inflammatory
milieu that increases insulin resistance'.

New potential mediators of insulin resistance

The adipose tissue is an endocrine organ that produces
adipocytokines including pro- and anti-inflammatory
mediators such as leptin, adiponectin, and resistin.
Obesity is associated with an alteration in adipocytokines
production from both adipocytes and macrophages.
These inflammatory mediators may act locally to
aggravate inflammation in adipose tissue, and increases
peripheral insulin resistance. Altered adipocytokines
production can also act centrally on the hypothalamus,
promoting increased food intake and hyperglycemia.
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4.4%

4.5%

Non-hispanic white women

African Americans

During pregnancy, adipocytokines have been shown to
influence glucose tolerance via mechanisms interfering
with regulation of insulin secretion and insulin receptor
signaling and it explains, in part, the development of
insulin resistance!.

Adiponectin is an adipocytokine polypeptide that
has anti-inflammatory properties and insulin sensitizing
action. Williams et a/*" reported that a maternal level
of adiponectin < 6.4 ug/mL was associated with a
4.6-times increased risk for GDM compared with control
group. Ranheim et a/*® has also demonstrated reduced
adiponectin mRNA levels in biopsies from abdominal
subcutaneous adipose tissues and reduced plasma level
in women with GDM, independently of obesity. A meta-
analysis of 25 prospective studies reported that a level
of adiponectin < 2.25 pug/mL in early pregnancy, was
associated with significant risk for GDM compared with
normal pregnant women®™?,

Tumor necrosis factor-o. (TNF-a) interferes with
insulin receptor signaling and B-cell function having a
greater influence in hyperglycaemia®™"**. Three obser-
vational studies and one meta-analysis found that
women with GDM had significantly higher levels of TNF-a
compared with normal glycaemic pregnant women™®.,
However, conflicting results have been reported in
other studies™ ", This could be related to the smaller
population sizes and the diversity in matching and
adjustment for the confounding variables.

Interleukin-6 (IL-6); an inflammatory marker that
has been found to be significantly higher in women
with GDM, compared with normal women, independent
of adiposity®*®®, Similarly, a recent cross-sectional
trial showed that IL-6 could be independently used to
predict development of GDM when assessed in the first
trimester®".,

Leptin is a protein hormone related to the bulk of fat
stores”™ that has been reported significantly elevated in
women with GDM compared with controls®***%>%¢], In a
predictive risk model it was proposed that each 10 ng/
mL increase of leptin levels, was associated with a 20%
increase risk for GDM®, However, some trials reported
conflicting results™®®,
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Table 3 Etiology and pathophysiology of gestational diabetes

mellitus

Insulin resistance
Pregnancy and obesity as states of low grade inflammation***”
Adipocytokines
| Adiponectin
1 TNF-o/**"
1 TL-65662641

56,58,65,66]

[51-53]

1 Leptin
1 AFABP™!
1 RBP4
?1 Resistin'
?1 Visfatin”*””

? Novel adipocytokines (Vaspin, Apelin and Omentin)®™

Endothelial function and angiogenic growth factors?**!
| EPC
|1 SOD
1 eNOS
1 PAI-1
1 sEng
1 sICAM-1
1 sVCAM-1
1 t+-PA
1 PLGF
1 sFlt-1

Proteomics biomarkers

[54,62,72]

Haptoglobin, protein SMG8 and apoptosis inducing factor-1*"
Apolipoprotein CIITI*™!
Peptides precursors of clusterin, isoform 1 of fibrinogen alpha chain
and apolipoprotein CIT*
Glycosylated fibronectin’
Transthyretin-retinol binding protein-retinol complex
Pancreatic B-cell dysfunction

Autoimmunity™

Glucokinase gene defect™

[86]

[87]

AFABP: Adipocyte fatty acid-binding protein; eNOS: Endothelial nitric
oxide synthase; sEng: Soluble endoglin; sFlt-1: Soluble fms-like tyrosine
kinase-1; SICAM-1: Soluble intercellular adhesion molecule-1; sVCAM-1:
Soluble vascular cell adhesion molecule-1; SOD: Superoxide dismutase;
t-PA: Tissue plasminogen activator; TNF-a: Tumor necrosis factor-a;
RBP-4: Retinol-binding protein-4; EPC: Endothelial progenitor cells; hPGH:
Human placental growth hormone; hPL: Human placental lactogen;
IL-6: Interleukin-6; PLGF: Placental growth factor; PAI-1: Plasminogen
Activator Inhibitor type-1.

Retinol-binding protein-4 (RBP-4) a carrier for retinol
(vitamin A) that has been demonstrated significantly
increased in women with GDM compared with controls®®”,
while other studies found no significant differences”*”",
These conflicting results may be related to the design of
the studies, which were mostly cross-sectional, limiting
their ability to detect a causal relationship.

Resistin is a peptide hormone related to energy
homeostasis and has been shown to be elevated in
women with GDM compared to normal pregnancies®>®>7%,
However, Megia et al’® reported lower resistin levels in
women with GDM compared with euglycaemic women
while other studies reported no difference!*”,

Visfatin is a protein related to glucose homeostasis
that has been demonstrated to be significantly higher in
women with GDM compared with controlsi”®””), However
Chan et al'® reported decreased serum visfatin in
Chinese women with GDM.
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Adipocyte Fatty Acid-Binding Protein (AFABP) has
been shown to be significantly elevated in a cross-
sectional study in women with GDM compared with
controls”.

Vaspin, apelin and omentin are novel adipokines
with a controversial role in the pathogenesis of GDM.
Some studies demonstrated increased levels, while
others report unchanged or even decreased levels.
Most of these trials were cross-sectional in design. The
lack of controlled prospective trials are limiting further
conclusions on their role on GDM™.

Endothelial functions and angiogenic growth factors
Several studies have shown that endothelial function
and angiogenic growth factors were altered in women
with GDM. For instance, a case-control study demon-
strated decreased total endothelial progenitor cells
(EPC), decreased expression of superoxide dismutase
(SOD), increased levels of soluble adhesion molecules
(both sICAM-1and sVCAM-1) and increased endothelial
nitric oxide synthase (eNOS) expression in women
with GDM compared with controls. These alterations
in endothelial function were also present in fetuses of
GDM mothers which might infer an increased risk of
future development of T2DM and CVD™. In one cross-
sectional study, tissue plasminogen activator (t-PA)
(reflect endothelial activation) was found significantly
elevated in women with GDM™®", Increased levels of
Plasminogen Activator Inhibitor type-1 (PAI-1) have
been also reported to be associated with increasing
glucose levels in a subgroup of pregnant women from
the HAPO study.

Proteomics and metabolomics for early prediction of
GDM

Proteomics is a wide-ranging analysis of samples pro-
duced in humans using mass spectrometry, capable
of generating huge data about proteins produced. In
a recent review by Singh et af®”, several technologies
were developed to identify protein biomarkers that serve
as early predictors of GDM development. Wang et a/f*
used Sodium Dodecyl Sulfate-Polyacrylamide Gel (SDS
PAGE) and mass spectrometry (MS) tool to separate
proteins from sera of women with GDM and hypertensive
disorder. They identified haptoglobin, protein SMG8 and
apoptosis inducing factor-1 as potential markers for
GDM development. Kim et af*! used surface-enhanced
laser desorption/ionization time-of-flight (SELDI-TOF)
and MS to analyze serum samples from healthy women
at 16-20 wk gestation. They demonstrated that apoli-
poprotein CIII was significantly higher in women who
later developed GDM compared with controls, but
there was no difference between the two groups when
apolipoprotein AII level was investigated. Ai et af* used
Matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) followed by weak
cation exchange magnetic bead (WCX-MB) to identify
lower molecular weight peptides in healthy women at
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their 20 wk of gestation. Subsequently, they showed
that three peptides were significantly different in women
who later developed GDM compared with controls. These
three peptides were demonstrated to be precursors
of clusterin, isoform 1 of fibrinogen alpha chain and
apolipoprotein CII®®*. Similarly, other studies using
these novel techniques, have shown that glycosylated
fibronectin® and the transthyretin-retinol binding
protein-retinol complex®” were early predictors of GDM,
even before the onset of glucose intolerance.

Diabetogenic placental hormones

Ryan et al®® provided evidence for the role of placental
hormones in the induction of insulin resistance in
pregnant rats. They suggested that increasing levels of
progesterone, cortisol, prolactin and human placental
lactogen (hPL) play a causal role in the insulin resistance
during pregnancy, but whether they have the same
effect in human pregnancy remains to be elucidated.
hPL has been suggested to be a major contributory
factor of insulin resistance in humans®”.,

Pancreatic 3-cell dysfunction

Another etiology for GDM was thought to be related to
B-cell dysfunction that occurs on the setting of insulin
resistance state®. Xiang et af*"! have shown a reduction
of pancreatic p-cell function by 67% in women with GDM
compared with normal glucose tolerance controls. This
impairment of B-cell function was thought to be attributed
to an autoimmune process®®?. However, Moleda et af*”
excluded autoimmunity as a cause of GDM based on
negative anti-glutamic acid decarboxylase (anti-GAD)
antibodies test and suggested a genetic defect which
might be responsible for the B-cell secretory dysfunction.

GENETICS OF GDM

Studies demonstrated increased risk of GDM in women
with family history of T2DM compared with those of
matched controls®®, Insulin resistance and insulin
insufficiency were characteristic features of GDM, and
both were partly shown hereditary in a recent study in
twins®.

GDM could be considered a polygenic, hetero-
geneous disease similar to T2DM in which multiple
factors act together to cause the condition. The genes
studied in relation to GDM are categorized as those
related to insulin secretion, insulin and insulin receptors,
insulin resistance and energy metabolism, human
leukocyte antigen (HLA) and others (Table 4).

Genes related to insulin secretion

KCNJ11 and ABCCS8 genes: Pancreatic p-cell insulin
secretion is dependent on the functional integrity of the
K-ATP channel which is composed of eight subunits;
four Kir6.2 subunits encoded by potassium channel
inwardly rectifying subfamily J member 11 (KCNJ11)
and four sulfonylurea receptor-1 (SUR1) subunits
encoded by ATP-binding cassette transporter sub-family
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C member 8 (ABCC8)"®, One study demonstrated
that two variants of the ABCC8 gene; the tagGCC
allele of exon 16 and the AGG allele of the R1273R
were significantly associated with GDM compared with
controls®®”. In a large case-control study, Shaat et a/*®
reported a significant association between E23K genetic
variant within the KCNJ11 gene and GDM compared
with controls.

Uncoupling protein-2 gene: Uncoupling protein-2
(UCP-2) is a trans-membrane mitochondrial carrier
protein which facilitates mitochondrial proton leak,
thereby reducing ATP production resulting in inhibition
of insulin secretion®. In a large case-control study,
Shaat et al® showed no significant difference in the
rate of the UCP2-866G>A variant within the UCP-2
gene in Scandinavian women with GDM compared with
controls.

Mitochondrial NADH dehydrogenase-1 (MT-ND1)
gene: In a case-control study, Chen et al*®” showed
that the T3398C mutation within the MT-ND1 gene
was significantly associated with GDM compared with
normoglycaemic controls. This mutation may alter the
function of NADH dehydrogenase resulting in impairment
of the mitochondrial ETC with a subsequent reduction in
insulin secretion.

Transcription factor 7-like2 (TCF7L2) gene: Two
studies showed a significant association between the
T allele of the rs7903146 genetic variant within the
TCF7L2 gene and GDM compared with non-diabetic
controlst%1%,

Glucokinase (GCK) (MODY2) gene: Two studies
found no significant association between the rs1799884
(-30G/A) variant and risk of GDM"*, However, two
other recent large studies demonstrated a significant
association™®'%! Moreover, a meta-analysis including
seven studies, also demonstrated a significant asso-
ciation between the rs1799884 variant and risk of
GDM!'”,

Hepatocyte nuclear factor 4 alpha (HNF4A, MODY1)
gene: Three variants within the HNF4A, MODY1 gene
(rs2144908, rs2425637 and rs1885088) were tested in
a case-control study and were found not to be associated
with risk of GDM!%/,

Hepatocyte nuclear factor 1 alpha (HNF1A, MODY3)
gene: Two variants within the (HNF1A, MODY3) gene
were examined in two case-control studies. Shaat et at'®!
found an association of the rs1169288 (Ile27Leu) variant
and risk of GDM that was not statistically significant
whereas Lauenborg et af'® showed no association of the
rs1800574 (Ala98Val) variant with GDM.

Genes of insulin and insulin receptors
Insulin (INS) gene: This gene contains a promoter
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Table 4 Genetic variants studied in relation to gestational diabetes mellitus

Gene Location Variant Association
Genes related to insulin secretion
ABCCS8 11p15.1  tagGCC allele of exon 16 and the AGG allele of the R1273R Significant”
KCNJ11 11p15.1 E23K Significant
UCP-2 11q13 UCP2-866G> A Controversial®
MT-ND1 mtDNA T3398C mutation Significant"™!
TCF7L2 109253 157903146 Significant"""'"
GCK 7p15.3-p15.1 151799884 (-30G/ A) Significant"*"!
HNF4A 20q13.12 152144908, rs2425637 and rs1885088 No association”
HNF1A 12q24.2 151169288, rs1800574 No association®"*!
Genes of insulin and insulin receptors
INS 11p15.5 INS-VNTR class-III allele Controversial™*"""
INSR 19p13.3-p13.2 INSR allele-1 Kpn I RFLP Significant™
IGF2 11p15.5 IGF2 Bam HI RFLP Significant™"?
IGF2BP2 3q27.2 154402960 Significant""*""!
IRS1 2936 151801278 (Gly972Arg) Controversial®™'"!
Genes of insulin resistance
PPARG 3p25 151801282 No association"”!
PPARGCIA 4p15.1 158192678 No association™"*l
ADRB3 8p11.23 154994 (Trp64Arg) Controversia] "1
SLC2A1 1p34.2 SLC2A1 Xba I RELP No association!""”
ADIPOQ 3q27 rs1501299 No association”"
FOXC2 16q24.1 -512C allele No association”"
HLA genes
HLA 6p21 DR3 and DR4 Controversial*'>"!
HLA 6p21 DR3-DQ2/X, DR4-DQ8/ X with positive autoantibodies Associated!
HLA 6p21 DR7-DQ2/X, DR9-DQ9/X and DR14-DQ5/ X Associated™"!
HLA 6p21 DQB1 alleles Associated™"!
Other genes
CAPN10 2437.3 SNP-19, SNP-43, SNP-44, SNP-63) No association”™"""!
HFE 6p21.3 C282Y in Northern and Central European women Associated™
HFE 6p21.3 H63D No association”!
MBL2 10q11.2 151800450 (Gly54Asp) Significant™!
MBL2 10q11.2 155030737 (Arg52Cys) No association™
SERPINE1 7q22.1 -675 4G/5G Could be associated"”

ABCC8: ATP-binding cassette transporter sub-family C member 8; ADIPOQ: Adiponectin ADRB3 adrenergic receptor $3; CAPN10: Calpaine 10; FOXC2:
Forkhead box C2; GCK: Glucokinase; HFE: Haemochromatosis; HLA: Human leukocyte antigen; HNF4A: Hepatocyte nuclear factor 4 alpha; HNF1A:
Hepatocyte nuclear factor 1 alpha; IGF2BP2: Insulin-like growth factor-2 mRNA-binding protein-2; IGF2: Insulin-like growth factor 2; IRS1: Insulin receptor

substrate 1; INS: Insulin; INSR: Insulin receptor; KCNJ11: Potassium channel inwardly rectifying subfamily ] member 11; MBL2: Mannose binding lectin
2; MT-ND1: Mitochondrial NADH dehydrogenase-1; PPARG: Peroxisome proliferator-activated receptor gamma; PPARGCIA: Peroxisome proliferator-
activated receptor gamma coactivator 1-alpha; RFLP: Restriction fragment length polymorphism; SERPINE1: Serpin peptidase inhibitor, clade E, member

1; SLC2A1: Solute carrier family 2 (facilitated glucose transporter), member 1; SNP: Single nucleotide polymorphism; TCF7L2: Transcription factor 7-like 2;

UCP-2: Uncoupling protein-2; VNTR: Variable number of tandem repeats.

region of variable number of tandem repeats (VNTR)
with VNTR class- 1 allele occurs more frequently than
VNTR class-1I allele™®, Litou et a/'*”! reported a
significant association between the rate of VNTR class-
II allele and risk for GDM. However Shaat et aff''" failed
to demonstrate such an association.

Insulin receptor (INSR) gene: INSR gene restriction
fragment length polymorphisms (RFLPs) was tested by
Ober et a*® and showed that, the INSR allele-1 Kpn
I RFLP was significantly associated with GDM among
black and Caucasian women. Interestingly, the influence
of BMI on the risk of GDM was found to be significant
only in individuals with positive INSR allele-1, which
would suggest a possible role of the INSR allele-1 in
obesity!**?,

Insulin-like growth factor-2 (IGF2) gene: Ober et
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al'*?! showed an increased risk of GDM in Caucasian
women who are carriers of IGF2 Bam HI RFLP, but only
in the presence of INSR allele-1.

Insulin-like growth factor-2 mRNA-binding pro-
tein-2 (IGF2BP2) gene: In a recent large study,
Cho et al'***! showed a significant association between
rs4402960; a genetic variant of the IGF2BP2 gene
and risk of GDM in Korean women. Similarly, Wang
et a™* and Lauenborg et a/***! showed the same
results among Chinese and Danish Caucasian women
respectively.

Insulin receptor substrate 1 (IRS1) gene: Shaat
et al®® failed to demonstrate a significant association
between the T-allele of the rs1801278 (Gly972Arg) variant
and risk of GDM. However, in a meta-analysis of four
studies, a significant association was demonstrated™®”,
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Genes of insulin resistance and energy metabolism
Peroxisome proliferator-activated receptor gamma
(PPARG) gene: PPARG gene encodes production of a
factor that is essential in the regulation of adipocytes, the
differentiation and metabolism of lipids and glucose™'®..
A meta-analysis of eight studies showed no association
of PPARG/rs1801282 variant and risk for GDM compared
with controls!?”.

Peroxisome proliferator-activated receptor gamma
coactivator 1-alpha (PPARGC1A) gene: PPARGCIA
gene encodes production of a protein that plays a role in
regulation of genes related to energy metabolic processes™”.,
Two case-control studies among Scandinavian and Caucasian
women demonstrated that the rs8192678 variant of the
PPARGC1A gene is not assodiated with GDM!8],

Adrenergic receptor 33 (ADRB3) gene: One study
showed a significant association between the rs4994
variant of the (ADRB3) gene and the risk of developing
GDM among Caucasian women™'*), However, other
studies failed to confirm this association among Scan-
dinavian, Caucasian and Taiwanese women!®%20:121],
Similarly a meta-analysis of five studies also showed
no association between the rs4994 variant and risk of
GDM™™,

Solute carrier family 2 (facilitated glucose trans-
porter), member 1 (SLC2A1) gene: Ober et af'*?!
failed to demonstrate an association between two
fragments of the SLC2A1 gene Xba I RFLP and risk of
GDM.

Adiponectin (ADIPOQ) gene and Forkhead box C2
(FOXC2) gene: Shaat et al''®" tested the rs1501299,
a variant within ADIPOQ gene and -512C allele variant
within FOXC2 gene in a large population of Scandinavian
women and found no differences in variant rate among
women with GDM and controls.

HLA genes

Freinkel et al*® reported a significantly higher rate
of HLA-DR3 and HLA-DR4 among black women with
GDM. Similarly, Ferber et al'*** showed a significant
association of the HLA-DR3 allele among GDM women
who were positive to islet cell autoantibodies (ICA), and
HLA-DR4 allele in those who were positive to glutamic
acid decarboxylase autoantibodies (GAD65Ab). Another
Swedish study showed increased frequency of HLA-
DR3-DQ2/X or DR4-DQ8/X among women with GDM
and positive autoantibodies, and HLA-DR7-DQ2/X, DR9-
DQ9/X and DR14-DQ5/X among women with GDM and
negative autoantibodies**, Moreover, Shaat et a/f*"
showed that HLA-DQB1 alleles were associated with
increased risk of GDM among Scandinavian women.
However Rubinstein et a/*** found no differences in
variant rates of HLA-DR3 and HLA-DR4 among women
with GDM and controls.
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Other genes

Calpaine 10 gene: Two studies had tested the single
nucleotide polymorphisms (SNPs) within the calpaine
10 (CAPN10) gene. Shaat et a/®® found no difference
between the rate of SNP-43 and SNP-44 among women
with GDM and controls and similar results were obtained
by Leipold et a**' when they tested SNP-43, SNP-19
and SNP-63 variants.

Haemochromatosis gene

In a case-control study, Cauza et a/*” tested both
C282Y and H63D variants within haemochromatosis
(HFE) gene in a large population of women. They
showed an increased rate of C282Y but not H63D
variant among Northern and Central European women
with GDM compared with controls. However the rate of
both variants did not differ between Southern and non-
European women with GDM and controls™*”.,

Mannose-binding lectin 2 gene: The rate of Arg52
Cys variant within the mannose-binding lectin 2 (MBL2)
gene in women with GDM does not differ from that in
controls. However, the Gly54Asp variant was found
significantly associated with increased risk of GDM
compared with controls™®,

Serpin peptidase inhibitor, clade E, member 1
(SERPINE1) gene: The most common allele is in the
promoter region at position -675 and has a run of 5 G's.
The 4/G allele can result from deletion of one nucleotide
and accordingly (4G/4G, 4G/5G, and 5G/5G) genotypes
are recognized. The 5G/5G genotype is associated with
decreased levels of PAI-1 activity!**. Leipold et a/t**
demonstrated a significantly higher rate of the 5G/5G
genotype among women with normal fasting and
glucose tolerance which may suggest a possible role of
the -675 4G/5G variant in the increased risk of GDM.

ABNORMALITIES AND SIGNIFICANCE OF
LIPIDS IN GDM

[131]

Brizzi et al->" showed a significant increase in serum
triglycerides, total cholesterol and LDL-C during normal
pregnancy, with HDL-C level only slightly decreased.
Metzger et al**! showed an increase in serum trigly-
ceride and plasma free fatty acids during the third
trimester of pregnancy. However an elevation in serum
cholesterol level did not show a significant difference. A
meta-analysis of 60 studies showed significant elevation
of triglycerides, non-HDL-C and decreased HDL-C level
in women with GDM compared with control. Again,
no difference was found in cholesterol or LDL-C levels
between the two groups™?.

In addition, lipid abnormalities may also affect foetal
growth similar to that of elevated plasma glucose.
Kitajima et al'* reported a significant association
between maternal triglyceride levels at mid-term and
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the risk of foetal macrosomia. In a recent study, Son
et al™* related higher risk of developing large for
gestational age (LGA) newborn to increased levels of
maternal triglyceride. Moreover, in a prospective study
of 150 pregnant women, maternal triglycerides and FFA
levels were independent factors associated with LGA!™®,
Lipid abnormalities might serve as predictors of later
GDM development. In a cross-sectional study, Savvidou
et al’® showed that a decreased level of HDL-C at first
trimester is predictive of later development of GDM.

GDM-RELATED COMORBIDITIES

Several studies demonstrated a clear association between
maternal glucose levels and adverse consequences to
both mother and foetus, and this continuous relationship
has been also shown related to mild glucose levels™**,
These adverse consequences are independent of other
factors such as BMI and increasing weight during
pregnancy as shown in the HAPO study™.

Maternal comorbidities

Hypertensive disorders: The reason behind develop-
ment of hypertension in patients with diabetes is
attributed to the effect of hyperinsulinemia on increasing
weight, and renal sodium retention'*”, Hypertensive
disorders during pregnancy are classified into three
categories; chronic hypertension ,preeclampsia and
gestational hypertension™*®!, The HAPO study demon-
strated that GDM women with the highest BMI had
eight times the likelihood of developing preeclampsia as
women with the lowest BMI™. Barden et af**” showed
increased risk of preeclampsia in women with GDM
compared with controls. On the contrary, in a recent
retrospective study, GDM and chronic hypertension were
found protective against development of preeclampsia
and gestational hypertension!**!, In the long-term
hypertensive disorders carry the risk of developing T2DM,
hypertension, metabolic syndrome and CvD™*,

Preterm birth: This is defined as infants born alive
prior to 37 wk gestation™®”), In the HAPO study 6.9%
of the total participants had preterm birth, but less
frequently encountered than neonatal requirement for
NICU (8.0%) and birth weight > 90™ percentile (9.6%).
Preterm birth was shown significantly associated with
increased post OGTT maternal glucose but not fasting
glucose levelst.

Shoulder dystocia: Traumatic vaginal delivery re-
sulting from delivery of large babies exposes the woman
with GDM to operative procedures and episiotomies!**?,
Shoulder dystocia may also occurs in infants weighing
< 4.0 kg™® and necessitates the use of operative
procedures to deliver the shoulders™, In the HAPO
study shoulder dystocia was less frequently encountered
compared with other outcomes (1.3%) and was shown
associated with increased post OGTT maternal glucose
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and also fasting glucose levels'.

Caesarean delivery: Usually is required to overcome
an adverse complication associated with GDM such
as shoulder dystocia, and since it is a major surgical
procedure, it carries the risk of complications such
as infection, bleeding, thrombosis and wound de-
hiscence™**.. In the HAPO study 16.0% of the total
participants had a primary Caesarean delivery and 7.7%
had a repeated Caesarean delivery and both had been
shown associated with increased post OGTT maternal
glucose and fasting glucose levels!. The Toronto
Trihospital study showed that Caesarean deliveries were
still conducted despite reduced infant’s birth weights in
treated women with GDM™® which might suggest that
GDM per se could also be an indicator for Caesarean
delivery.

Long-term metabolic comorbidities in mothers:
Uncontrolled hyperglycaemia in women with GDM
constitutes a status of an increased risk of developing
T2DM later in life™"*'*®!, This had been observed by
O’Sullivan and Mahan when they set the first cut-off
values for diagnosis of GDM based on the ability of these
values to predict later development of T2DM®**?, In a
recent meta-analysis, Bellamy et ai™**! demonstrated
that women with GDM had 7.43 times the likelihood of
developing T2DM as pregnant women without GDM.

Neonatal comorbidities

Neonatal hypoglycaemia occurs as a result of foetal
hyperinsulinaemia in response to exposure to high
glucose levels from the mother!™**, It can occur even
if mothers were not treated during pregnancy as was
evident in the ACHOIS™ and Landon et al”? trials where
insignificant difference between the occurrence of
neonatal hypoglycaemia in women treated with insulin
and in untreated women was reported. In the HAPO
study neonatal hypoglycaemia occurred in 2.1% of the
total participants and was associated with increased
post OGTT maternal glucose but not with fasting glucose
levels™,

Hyperbilirubinemia is likely to be related with increased
foetal red cell mass stimulated by decreased oxygen
consumption as a result of maternal hyperglycaemia
and subsequent foetal hyperinsulinaemia!***. Hyper-
bilirubinemia occurred in 8.3% of the HAPO’s population
but relatively less associated with matermnal OGTT glucose
levels™,

Macrosomia, was hypothetically described by
Pedersen almost half a century ago as a consequence
of foetal, hyperinsulinaemia in response to high trans-
placental flow of glucose from the mother. This
assumption was clearly demonstrated in the HAPO study
where increasing maternal glucose level was associated
with increased umbilical C-peptide and infant’s body
weight at birth™.,

Neonatal hypocalcaemia has been reported in
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newborn of pregnant women with preexisting diabetes
and is likely to be related to hypomagnesaemia™*’.
However, its occurrence in neonates born by women
with GDM remains infrequent and of little clinical
importance™®. The cause of hypocalcaemia in women
with GDM may be related to low vitamin D status in
mothers™”,

Respiratory distress syndrome may be the conse-
quence of foetal hyperinsulinaemia interfering with the
effect of cortisol on surfactant synthesis™*. One study
showed no difference in the incidence of respiratory
distress syndrome in newborns of women with GDM and
those born to normoglycaemic women™®,

Other neonatal comorbidities associated with GDM,
but to a lesser degree than preexisting diabetes, include
hypertrophic cardiomyopathy* and major congenital
malformations!*>2.,

Long-term metabolic comorbidities in the offs-
pring: The Pedersen hypothesis forms the basis for
the current understanding of the effects of intrauterine
hyperglycemia on foetal B-cell hypertrophy and adipose
tissue and late development of obesity and T2DM in the
offspring™**®), Children born by women with GDM had
an eight times increased risk of developing diabetes or
prediabetes when they are 19-27 years old compared
with children born from women without GDM™*,

PREVENTION OF T2DM IN WOMEN WITH

PRIOR HISTORY OF GDM

Identifying women with GDM at high risk of progressing
to T2DM is a key element of early prevention plan.
The FPG levels during pregnancy were found to be an
important predictor of early postpartum conversion
to diabetes***, and also, as shown by Kim et a/t**¥
as the most common factor linked to greater risk of
progression to T2DM in the long-term. Area under the
OGTT curve, as well as, the degree of glucose level post
OGTT, and earlier diagnosis of GDM were also found to
be well associated with early postpartum conversion to
diabetes!***>4,

The Diabetes Prevention Program (DPP) study
showed that intensive lifestyle modification and met-
formin at a dose of 850 mg twice daily, reduced the
incidence of T2DM by 58% and 31% respectively*>*.,
This beneficial effect has been further confirmed in
the long-term follow-up of the original DPP study: DPP
Outcomes Study (DPPOS)™®, In the Troglitazone in
Prevention of Diabetes (TRIPOD) study, administration
of troglitazone was found to reduce the incidence of
T2DM by more than 50% among high-risk Hispanic
women with prior GDM. Following withdrawal of trog-
litazone from the market, the intervention arm was
stopped, but the effect of protection from diabetes
had persisted for further eight months!**”). In addition,
Hispanic women with prior GDM who had finished the
TRIPOD study were asked to take part in the Pioglitazone
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in Prevention of Diabetes (PIPOD) study. After three
years, pioglitazone was shown to reduce the incidence
of T2DM at a rate of 4.3%/year compared with the rate
of 12.1%/year of the original TRIPOD control group™*®.

PREVENTION OF GDM

Obese women have a greater risk of GDM than
women with normal body weight™"”! and it seems
logical that behavioral intervention in the form of
dietary modification and exercise may result in either
reduced risk for GDM or at least halt obesity related
gestational comorbidities. However, the current state of
evidence does not support this assumption and results
were conflicting. For instance, in the United Kingdom
Pregnancies Better Eating and Activity Trial (UPBEAT),
Poston et al™*® did not found behavioral intervention
(combination of both healthy diet and physical activity)
reducing GDM incidence in obese pregnant women
compared with standard antenatal care. Similarly, in
the pilot study of Vitamin D And Lifestyle Intervention
for GDM prevention (DALI), Simmons et a/t*®”
demonstrated a 33% reduction in GDM incidence among
obese pregnant women on healthy diet compared with
physical activity group. However, this reduction was not
significantly different between the two groups™®. By
contrast, in the more recent Finnish Gestational Diabetes
Prevention Study (RADIEL), Koivusalo et aff**!! showed
that combined physical activity and dietary modification
in obese pregnant women, reduced the incidence of
GDM by 39%. The conflicting results obtained could
be related to recruitment to RADIEL study of obese
women who were identified as high risk on the basis of
BMI = 30 kg/m’ and/or presence of history of GDM.
Previous RCTs on T2DM prevention have shown that
the effect of lifestyle intervention was more pronounced
in the high risk groups®®.. Another explanation of the
results obtained in this study is that, unlike UPBEAT, all
individuals recruited were only white women. Moreover,
women with history of GDM comprise one-third of total
population recruited in the RADIEL study, whereas they
form only less than one-tenth in the DALI or UPBEAT
studies. This fact means that more women with possible
B-cell dysfunction rather than insulin resistance were
participated in the RADIEL study!'®?.,

ANTENATAL MANAGEMENT OF GDM

Benefits of treatment

Identification of women with GDM is of utmost
importance in order to be engaged in a management
plan aiming to reduce both foetal and maternal
comorbidities. The ACHOIS™ and Landon et al”! trials
were large RCTs designed to assess benefits of treating
GDM. Both studies showed that treatment of GDM
reduced the risk of adverse complications including
macrosomia, LGA, shoulder dystocia and hypertensive
disorders. In a systematic review of 3157 women
from seven studies including the ACHOIS and Landon,

December 15,2017 | Volume 8 | Issue 12 |



Mirghani Dirar A et al. Gestational diabetes

the benefit of treatment was assessed using lifestyle
and if necessary insulin interventions. An overall
significant reduction in macrosomia, LGA, shoulder
dystocia, preeclampsia and hypertensive disorders
was demonstrated. The risk for perinatal mortality,
admission to NICU and birth trauma were also reduced
but not statistically significant'®*!.

In a recent meta-analysis of five RCTs and six
retrospective studies the treatment of GDM was found
to significantly reduce the risk of preeclampsia, macro-
somia and shoulder dystocia but did not present any
significant reduction in other comorbidities!*®*.,

Components of antenatal management

Management of women with GDM during antenatal
period should consist of medical nutrition therapy (MNT)
and weight management, exercise, self-monitoring of
blood glucose (SMBG) and pharmacological therapy
if required. This should be followed by management
during labor and post natal period™*,

MNT and weight management

Women with GDM should be counseled by a dietitian
once diagnosis is made to initiate MNT which is the
mainstay of any management plan. The aim is to attain
normal glycaemic control without ketosis and foetal
compromise along with maintenance of adequate
weight gain based on prenatal BMI™*. In determining
an appropriate dietary intake for women with GDM,
several studies were conducted to compare the
different types of diet. Limited caloric intake had been
widely recommended for obese women with GDM.
This approach was shown detrimental in a randomized
prospective study wherein a reduced total caloric intake
from 2400 kcal/d to 1200 kcal/d resulted in a significant
ketosis among obese women with GDM compared with
controls™®, On the other hand, a caloric intake > 25
kcal/kg per day would prevent both ketosis and foetal
growth compromise in obese women™®®,

For this reason the ACOG recommends a reduction
of the caloric intake to approximately 24 kcal/kg per
day for pregnant women with > 120% of the normal
body weight!**”), The caloric requirements, composition
and distribution throughout the day were also defined
by the ACOG (Table 5)"*”). Monitoring weight changes
is important to ensure adequacy of dietary therapy and
to maintain a weight gain within the recommended
rates. The guidelines of the institute of medicine (IOM)
in America regarding weight gain were released to
assist in prevention of adverse pregnancy outcomes.
The IOM recommended a weight gain during pregnancy
of 12.5-18 kg for underweight (BMI < 19.8 kg/m?),
11.5-16 kg for healthy women (BMI 19.8-26.0 kg/m?),
7-11.5 kg for overweight (BMI 26.0-29.0 kg/m?), and
at least 7 kg for obese (BMI = 29.0 kg/m?)8,

In Langford et al**! study, overweight women who
gained weight within the IOM recommendations had a
reduced risk for preeclampsia, Cesarean delivery, and
macrosomia compared with controls. Whereas those
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who gained weight over the IOM recommendations
had significantly increased risk for preterm birth,
macrosomia, and Cesarean delivery'’®,

Role of exercise

Exercise is associated with improved insulin sensitivity
which might improve both fasting and postprandial
glucose levels avoiding the use of insulin in some
women with GDM™", Exercise has been shown reduce
the need of insulin in women with GDM compared with
controls!”?, Using data from the Norwegian Mother and
Child Cohort (MoBa) study, Magnus et a'’”* found that
exercise reduces the risk of preeclampsia in pregnant
women. Likewise, a case-control study showed that in
women who underwent regular physical activity, the
risk reduction of preeclampsia was 35% compared with
controls’’. The ADA recommends moderate physical
activity as part of any management plan, provided
clearance from medical or obstetrical problem™”*.

SMBG

After the diagnosis of GDM physical activity and MNT is
recommended. Additionally frequent SMBG is required
to monitor the glycaemic control of the pregnant woman
and to determine whether it is adequately achieved or
there is need of initiating a pharmacological therapy™”. It
has been reported that frequent SMBG is associated with
reduced risk of adverse outcomes!’®. Frequent SMBG
based on postprandial rather than preprandial monitoring,
has shown to be superior in improving glycaemic control
in insulin treated women!"””), Continuous glucose moni-
toring (CGM) is a novel technology allowing a 24-h
assessment of glucose levels. A recent prospective
study among Chinese women with GDM has shown a
significant improvement of the glycaemic control and a
decreased risk of adverse outcomes with the use of CGM
technology compared with controlst”®,

Pharmacological treatment

Women with GDM who fail to maintain glycaemic targets
with nutritional therapy, should initiate pharmacological
treatment. In most cases human insulin is the first
choice, while some insulin analogues, and certain oral
agents may also be used"”®. Although insulin is usually
indicated when glycaemic targets are exceeded, some
reports from randomized trials suggest initiating insulin
based only on foetal ultrasonic parameters, such as
increased foetal abdominal girth™**#!!, Recently, Balsells
et al"® reported in a meta-analysis that ultrasound-
guided management could result in a significant
reduction of LGA and foetal macrosomia. In addition, it
has been reported that ultrasound-guided management
reduces the need for insulin treatment when foetal
growth is normal, limiting also the risk of SGA!"8!],

Insulin

Certain types of insulin are used to treat diabetes in
pregnancy. The dose and regimen used is determined
based on the severity of hyperglycaemia. Women who
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Table 5 The ACOG recommendations of the caloric require-

ments, composition and distribution throughout the day in

pregnant women with diabetes''¢”!

Caloric requirements

Normal BMI 30-35 kcal/kg
per day
<90% of Normal BMI 30-40 kcal/ kg
per day
>120% of Normal BMI 24 kcal/kg per
day
Caloric composition
Complex, high-fiber CHO  40%-50%
Proteins 20%
Unsaturated fats 30%-40%
Caloric distribution
Breakfast 10%-20%
Lunch 20%-30%
Dinner 30%-40%
Snacks Up to 30%

BMI: Body mass index; CHO: Carbohydrates.

have fasting hyperglycaemia may require a single
nocturnal injection of NPH-insulin started at a dose
0.2 units/kg initially, while other women may require
only prandial insulin to control post-meal glucose
elevations. If both fasting- and post-meal glucose levels
are elevated, then a regimen consisting of NPH-insulin
twice daily along with short-acting or rapid-acting
insulin analogue administered just prior to meals can
maintain euglycaemia. In such case, the total daily dose
is usually 0.7-1.0 units/kg, divided equally between
NPH-insulin and prandial-insulin™’®. Insulin doses are
adjusted to attain glycaemic targets and to avoid the
risk of hypoglycaemia. Types of insulin that can be used
during pregnancy include human insulin both short-
acting and NPH-insulin and rapid-acting analogues
(lispro and aspart). Long-acting insulin analogues are
not extensively studied for use during pregnancy’*'*%,
However, a recent RCT showed that insulin detemir was
not inferior to NPH-insulin in safety and efficacy!'®".

Oral agents
Systematic reviews and meta-analysis of several studies
testing oral agents or insulin treatment in GDM have
shown that both strategies present comparable safety
and efficacy™®'®), However, the long-term safety of
using oral agents in GDM remains obscure!*®184,
Metformin has been shown similar to insulin re-
sults in achieving satisfactory glucose control, with
no difference in perinatal outcome!*®, When used
alone, metformin was found to be associated with less
maternal weight gain but with more risk of preterm
birth compared with insulin treatment. Furthermore,
compared with glyburide, metformin treatment was
associated with less macrosomia and less maternal
weight gain'™®®!, In one RCT, Niromanesh et a/t'®®
demonstrated a significant reduction in maternal weight
gain in women treated with metformin compared with
women who received insulin (P < 0.001). In addition, a
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lower rate of birth weight was reported in the neonates
born to women in metformin arm compared with
women in insulin therapy, but the difference was not
significant. In a meta-analysis of six studies involved
1420 women with GDM, Su et a/'**® showed that
treatment with metformin did not significantly increased
the rate of neonatal and maternal comorbidities while it
was associated with reduced weight gain and neonatal
hypoglycaemia. In the same study, however, the use
of metformin was associated with an increased risk of
preterm birth™®,

Glyburide has also shown similar efficacy and
outcomes with insulint*®****, However, a recent meta-
analysis of 15 studies, demonstrated an increased
risk of macrosomia and neonatal hypoglycaemia in
women treated with glyburide compared to insulint®,
Similarly, a recent retrospective study involved
110879 women with GDM, showed that neonatal
comorbidities were more frequently encountered when
women were treated with glyburide compared with
women who received insulin®®?. In one RCT, Casey et
al"®® demonstrated a significant reduction in fasting
glycaemia of women with mild GDM who were treated
with glyburide and nutritional therapy compared with
placebo. It was also demonstrated that glyburide
therapy in combination with diet did not show any
benefit in reducing birth weight or improving maternal
or neonatal comorbidities!**?.

Recommendations of prominent professional bodies

The current ADA (2017)"°% and NICE (2015)"%
guidelines recommend that once GDM is diagnosed,
treatment should start with MNT, exercise, weight
gain monitoring and frequent SMBG. The glycaemic
targets should be maintained at an FPG level of
95 mg/dL, 1-h postprandial of 140 mg/dL and 2-h
postprandial of 120 mg/dL. If these targets are not
achieved, a pharmacological intervention should be
initiated. ADA recommends insulin treatment as the
first-line pharmacologic therapy, while NICE suggests
metformin in women with GDM who are not achieving
glycaemic targets, provided that it is well tolerated and
not contraindicated!****, Although there is no clear
guidance for their use, ADA recommends to consider
both metformin and glyburide for the treatment of
GDM, with concerns related to long-term safety as
both medicines are crossing the placenta!’®. The
NICE guidelines recommend insulin initiation as add-
on therapy to the ongoing metformin and lifestyle
measures if glycaemic targets were not met. However,
insulin may be initiated with or without metformin and
lifestyle; if an FPG = 126 mg/dL, or an FPG 108-124
mg/dL is measured along with the presence of macro-
somia or hydramnios. In addition, NICE suggests to
consider glyburide in women who failed to achieve
glycaemic targets with metformin and refusing to take
insulin or in women intolerant to metformin™*., ADA and
NICE do not report any restriction on the type of insulin
for use during pregnancy, while NICE prefer the use of
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NPH-insulin as the first choice for long-acting insulin and
aspart or lispro for rapid-acting insulin analoguest***4,

MANAGEMENT DURING LABOR AND
POSTPARTUM

There is no general agreement on the timing and mode
of delivery in women with GDM. However, induction
of labor is beneficial in terms of avoiding late perinatal
death and obstetric complications related to foetal
overgrowth!***), The ACOG recommend considering
elective Caesarean delivery if the estimated foetal
weight more than 4.5 kg to prevent birth trauma*®”’.
Insulin requirement during labor is generally decreased
because of increased physical work and also because
women may remain fasting for long time. Some women
may also need glucose infusion to prevent ketosis™®.
Women who require pharmacological therapy during
antenatal period may need insulin during labor to
control hyperglycaemia and to check their blood glucose
2-hourly™*. The Endocrine Society recommends
maintaining glucose level in the range of 72-126 mg/dL
during labor**”.,

Following delivery, most women return back to
their previous pre-gestational glycaemic levels soon
afterwards. However, some women may continue with
hyperglycaemia possibly representing the category of
undiagnosed T2DM which is usually present early in
pregnancy*?. For this reason the Endocrine Society
recommends to keep checking for glucose level until
72 h following delivery to rule out continuing hyper-
glycaemia. Treatment is then justified on individual
basis if T2DM is diagnosed or; if not, it is recommended
to perform a 2-h 75 g OGTT 6-12 wk following delivery
to test for glucose intolerance or T2DM™”),

Breast feeding improves weight and glucose tole-
rance and should be encouraged™®. Women should
also be counseled for the method of contraception
and the choices which include hormonal therapy or
copper-releasing intrauterine device are acceptable.
Hormonal therapy does not appear to increase the risk
of developing diabetes!***'.

CONCLUSION

To conclude, in the short-term, several maternal and
foetal comorbidities were found to be associated with
GDM. In the long-term GDM carries a major risk of
developing T2DM later in life for both the mother and
the offspring. Therefore GDM could be considered
as an important health issue. However, a matter of
controversy surrounding both the screening and the
management of GDM continues to emerge. This may
necessitates the need for further studies to demonstrate
the benefits of a universal screening and the effects of
treatment in reducing the risk of long- and short-term
complications. The studies conducted to evaluate the
risk factors associated with GDM were observational,
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thus, and difficult to conclude about possible causality.
This was also the case when reviewing the etiology and
pathophysiology of GDM, therefore, large prospective
clinical trials are needed to extensively study the risk
and etiological factors of GDM. Heritability is another
important factor influencing the development of GDM,
that has not yet clearly elucidated. The conclusions
drawn from most of the trials conducted are limited
mainly due to the lack of statistical power and the
controversial results obtained. Well-designed trials
looking for specific genes linkage, expression and
association along with functional studies might be
needed in the future. Identifying abnormal genes would
help in a better understanding of the pathophysiology of
GDM and in developing the “keys” for intervention and
prevention. Moreover, women with GDM have increased
risk of developing T2DM, metabolic syndrome and CVD
and therefore identification of women with GDM may
trigger the onset of early prevention strategies. There
is no universal consensus on how to monitor and treat
GDM in terms of caloric control, glycaemic targets and
specific pharmacological interventions. However, it
is unquestioned that further well-designed RCTs are
required in the future to ascertain optimal glycemic
targets, and appropriate monitoring of women to assess
their risk status for later development of T2DM and
CVD.
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