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Gestational diabetes mellitus is a frequent pregnancy complication, in which spontaneous hyperglycemia
advances during pregnancy. Glycosylated hemoglobin is significant to determine pre-gestational diabetes
but is usually normal in gestational diabetes mellitus especially in the first trimester. Three factors
contribute to the challenges are placenta generates hormones that antagonize insulin's actions; secretion of
cortisol, a hormone that generates hyperglycemia, elevates threefold during pregnancy; and because
glucose can pass freely from the maternal circulation to the fetal circulation, hyperglycemia in the mother
will stimulate synthesis of fetal insulin. The initial intention of gestational diabetes mellitus management
is the inhibition of fetal overgrowth and pregnancy complications. If the glycaemic intentions are easily
obtained within 2 weeks of initiating lifestyle interventions, women perhaps decrease the frequency of pre-
prandial and postprandial glucose measurements to twice weekly as long as the values are within target.
Insulin is crucial if medical nutrition treatment fails to reach euglycemia.
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Abbreviations: ADA: American Diabetes Association; BMR: Basal metabolic rate; BMI: Body mass
index; CVD: Cardiovascular disease; FPG: Fasting plasma glucose; GDM: Gestational diabetes mellitus;
HbA1c: Glycosylated hemoglobin; IDF: International Diabetes Federation; MNT: Medical nutrition
therapy; OGTT: Oral glucose tolerance test; T2DM: Diabetes mellitus.

Abstract

Introduction
Gestational diabetes mellitus (GDM) is defined as
carbohydrate intolerance resulting in hyperglycemia of
variable severity with onset or first recognition during
pregnancy [1, 2]. GDM is identical to various forms of
hyperglycaemia, which is a disease of the pancreatic β
cells, which do not generate adequate insulin to meet

the elevated requirements of late pregnancy [3]. GDM
happens when the woman’s beta cell work is unable to
overwhelm the antagonism created by the anti-insulin
hormones of pregnancy and the accelerated fuel
consumption necessitated to provide for the growing
feto-maternal unit [4]. Weight gain through pregnancy
includes of thirty percent maternal fat accretion, with
the 2nd half of a regular pregnancy described by
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development of insulin resistance. The function of
weight gain also different by trimester: maternal weight
gain early in pregnancy is disproportionately fat and
could lead later maternal insulin resistance [5, 6].
Coinciding to the most current (2017) International
Diabetes Federation (IDF) estimates, GDM influences
approximately 14% of pregnancies worldwide,
representing approximately 18 million births annually.
Risk factors involve overweight/obesity, westernized
food and micronutrient scarcities, progressive maternal
age, and a family history of insulin resistance and/or
diabetes. While GDM often figures following delivery,
it can have long-lasting health outcomes, involving
accelerated pitfall for T2DM and CVD in the mother,
and future obesity, CVD, T2DM, and/or GDM in the
child [7-9]. The incidence of GDM is estimated at 2–
4% of entire pregnancies in many populations, although
there have been observes of prevalence as low as 0.5%
in low-risk populations and as high as 10% in subjects
with many diabetes peril factors [10]. Adverse
pregnancy outcomes of GDM are chiefly related to
macrosomia caused by fetal hyperinsulinism in
response to high glucose levels coming from maternal
hyperglycaemia. In pre-gestational diabetes, which is
when diabetes pre-exists to pregnancy, there is also a
pitfall of fetal abnormality owing to the teratogenicity
effect of glucose and/or its associated metabolic
deformities at an essential period for organogenesis in
early gestation [11, 12]. Alterations in maternal
physiology during pregnancy are mediated by placental
factors, as confirmed by the important accelerate in
maternal insulin sensitivity that happens within days
after delivery. Alterations in maternal metabolism have
generally been described to placental hormones, such
as human placental lactogen (hPL), progesterone and
oestrogen. Prolactin, progesterone and oestrogens
accelerate during pregnancy [12, 13].

Diagnosis
The initial diagnostic strategy for GDM was issued by
O’Sullivan and Mahan fifty-five years later. The criteria
were advanced from sequences of a 100-g oral glucose
tolerance test (OGTT) during pregnancy in an
unselected group of pregnant women (752 in total)
taking antenatal care at the Boston City Hospital.

The mean and SD of the venous whole blood glucose
concentrations for every sample, fasting and one, two,
and three hrs after consumption of the glucose load,
were measured. Values equal to or greater than two SD
over the mean were thought-out anomalous, and it was
arbitrarily determined that for the test to be named
anomalous, two or more values should be accelerated.
These test criteria when applied to 1013 women
followed serially for 8 years after having a 100-g OGTT
during pregnancy were strongly associated with the
progressive of DM during follow-up. Glucose
concentrations were later extrapolated from the whole
blood values calculated in this survey to compare
plasma glucose values for contemporary analytical
techniques [14, 15]. GDM can be diagnosed by using
the identical procedure used to diagnose T1D and T2D:
a fasting plasma glucose (FPG) concentration of >126
mg/dl on two separate occasions or a random blood
glucose concentration of >200 mg/dl on two separate
occasions. HbA1c is significant to determine pre-
gestational diabetes but is usually regular in GDM
especially in the 1st trimester [16].

Risk category Clinical
characteristics

Recommended
screening

High risk
(presence of

any is
sufficient) [17]

Marked obesity;
Diabetes in
first-degree
relative(s);
Personal
history of
glucose

intolerance;
Current

glycosuria;
Prior delivery
of macrosomic

infant

BG screening at
primary

antepartum
visit or as soon

as possible
subsequently;

repeat at 24–28
week if not

already
diagnosed with
GDM by that

time

Average risk [18]
Fits neither low-

nor high-risk
profile

Blood glucose
screening

between 24- and
28-week
gestation
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Table 1: Screening for GDM

Depending on recommendations of the American
Diabetes Association, performed at primary antepartum
visit; Ethnicities other than Hispanic, African, Native
American, South or East Asian, Pacific Islander, or
native Australian, all of which have relatively much
rates of GDM.

According to WHO and the International Federation of
Gynaecology and Obstetrics (FIGO), hyperglycaemia
in pregnancy (HIP) can be classified as pre-gestational
diabetes, gestational diabetes mellitus (GDM) or
diabetes in pregnancy (DIP). Pre-gestational diabetes
involves women with known type 1, type 2 or rarer
forms of diabetes before pregnancy. GDM perhaps
occur at any time during the antenatal period and is not
expected to persist postpartum. DIP applies to pregnant
women with hyperglycaemia that were first diagnosed
during pregnancy and meet WHO criteria of diabetes in
the non-pregnant state. DIP is best detected during the
first trimester. It has been estimated that most (75%–
90%) cases of HIP are GDM [20-22].

ADA = American Diabetes Association; NDDG =
National Diabetes Data Group; CDA = Canadian
Diabetes Association; DIPSI = Diabetes in Pregnancy
Society of India; WHO = World Health Organization;
IADPSG = International Association of the Diabetes
and Pregnancy Study Groups.

NICE = National Institute for Clinical Excellence;
FIGO = International Federation of Gynaecology and
Obstetrics * after 50g glucose challenge test-if positive,
uses 100g glucose load, at least two need to be positive.

Criteria
Fasting 1-hour 2-hour 3-hour

mg/d
L

mmo
l/L

mg/d
L

mmo
l/L

mg/d
L

mmo
l/L

mg/d
L

mmo
l/L

NDDG
(US
A)*

105 5.9 190 10.6 165 9.2 145 8.1

Carpen
ter

Cous
tan
(US
A)*

95 5.3 180 10 155 8.6 140 7.8

CDA 95 5.3 191 10.6 160 9 – –

WHO
1985 140 7.8 – – 140 7.8 – –

WHO
1999 126 7 – – 140 7.8 – –

IADPS
G/

ADA
WH
O/

FIG
O

92 5.1 180 10 153 8.5 – –

(DIPSI
non

fastin
g

– – – – – 7.8 – –

NICE
(UK) – 5.6 – – – 7.8 – –

Low risk (all
required) [19]

Age <25; Low-
risk ethnicity;
No DM in 1st

levels relatives,
Normal pre-
pregnancy
weight and
pregnancy

weight gain No
personal
history of
aberrant

glucose levels
No prior poor

obstetrical
outcomes

Blood glucose
screening not

required

Table 2: Diagnostic criteria in studies used for estimating
hyperglycaemia in pregnancy [23].
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Diabetes in Pregnancy Study Group India (DIPSI):
A Prospective study performed in India, established
that GDM can be diagnosed if 2hr PG ≥ 140 mg/dl with
75g oral glucose administered to pregnant women in
the fasting or non-fasting state, regardless of the last
meal timing. Rational for this diagnostic test is, after a
meal, a normal glucose tolerant woman would be able
to maintain euglycemia despite glucose challenge due
to brisk and sufficient insulin response. Whereas, a
woman with GDM who has damaged insulin synthesis,
her glycemic level elevates with a meal and with
glucose challenge, the glycemic excursion exaggerates
further [24, 25].

A Single Test Procedure” (Recommended by
Ministry of Health Government of India): 75 gm
glucose is to be given orally after dissolving in
approximately 300 ml water whether the pregnant
women come in fasting or non-fasting state,
irrespective of the last 10 meal timing. The uptake of
the solution has to be completed within 5-10 minutes. A
plasma standardized glucometer should be used to
evaluate plasma glucose 2 hours after the oral glucose
load. If vomiting occurs within 30 minutes of oral
glucose intake, the test has to be repeated the next day.
If vomiting occurs after 30 minutes, the test continues.
The threshold plasma glucose level of ≥140 mg/dL
(more than or equal to 140) is taken as cut off for
diagnosis of GDM [26, 27].

Pathophysiology
During normal pregnancy, a progressive insulin
resistance develops beginning around mid-pregnancy,
and progresses during the third trimester. Hormones
and adipokines generated from the placenta, involving
tumor necrosis factor (TNF)-α, human placental
lactogen, and human placental growth hormone are
likely antecedent of insulin resistance in pregnancy.
Furthermore, elevated estrogen, progesterone, and
cortisol during pregnancy render to a rupture of the
glucose insulin equilibrium. To compensate for the
peripheral insulin resistance during pregnancy, insulin
production accelerates from a woman’s pancreas. The
advancement of GDM happens when a woman’s
pancreas does not generate adequate insulin to maintain

with the metabolic stress of the insulin resistance.
Additionally, elevated maternal adipose deposition, de-
escalated exercise, and elevated caloric uptake
contribute to this state of relative glucose intolerance.
Three factors render to the problem are placenta
secretes hormones that antagonize insulin's actions;
secretion of cortisol, a hormone that promotes
hyperglycemia, enhances threefold during pregnancy;
and because glucose can pass freely from the maternal
circulation to the fetal circulation, hyperglycemia in the
mother will stimulate synthesis of fetal insulin [28, 29].
Reduced insulin-stimulated glucose intake more
delivers to hyperglycemia, overloading the β-cells,
which have to secrete additional insulin in response.
The direct render of glucose to β-cell failure is
explained as glucotoxicity. Thus, once β-cell
malfunction commences, a vicious cycle of
hyperglycemia, insulin resistance, and more β-cell
dysfunction is set in motion [30]. The rate of insulin-
stimulated glucose uptake is reduced by 54% in GDM
when compared with normal pregnancy. While insulin
receptor surplus is frequently unaffected, declined
tyrosine or accelerated serine/threonine
phosphorylation of the insulin receptor moisten insulin
signaling [31, 32]. Neurohormonal malfunction has
been explained in the pathogenesis of malady of insulin
resistance, such as that available in GDM. This network
adjust appetite, active energy expense, and BMR, and it
is buildup of a complex network of central (e.g.,
cortical centers that control cognitive, visual, and
“reward” cues) and peripheral (e.g., satiety and hunger
hormones) signals [33, 34].

Management
The initial intention of GDM management is the
inhibition of fetal overgrowth and pregnancy
complications. The treatment of GDM intends to
decrease adverse pregnancy outcome. There is
inadequate knowledge of clinical consequences of both
lifestyle as well as pharmacological interventions
against GDM using the new criteria. Treatment is
depending on blood glucose targets independently from
the aetiology of GDM [35].
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Non-Pharmacological Intervention
Lifestyle modification and diet: Glucose is the main
nutrient that promotes fetal growth (although other
nutrients, such as lipids and amino acids, also influence
growth). Elevated maternal glycaemia is immediately
consociated with fetal outgrowth and multiple of the
pregnancy complications in GDM (the Pedersen
hypothesis). Thereupon, control of maternal
hyperglycaemia logically remains the initial objective
of GDM management [36]. Patients are advised by a
registered dietitian if one is present, or else by an
individual with knowledge and expertise in the field.
The diet plan is individualized coinciding to the
patient’s weight and height and is depending on the
nutritional requirements of pregnancy as well as the
principles of diet treatment in diabetes; success is
depending upon the achievement of blood glucose
goals as explained above. The diet is also intended to
avoid ketosis and to assist the mother achieve
appropriate weight gain. The Institute of Medicine
(IOM) recommendations for pregnancy weight gain,
revised in 2009, are based upon pre-pregnancy body
mass index (BMI) (kg/m2). Underweight mothers
(BMI<18.5) are counseled to gain 28 – 40 pounds
throughout pregnancy, and those of normal weight
(BMI 18.5–24.9) should gain twenty-five to thirty-five
pounds. Overweight women (BMI 25– 29.9) should
gain fifteen to twenty-five pounds, and those who are
obese (BMI >30) should gain eleven to twenty pounds.
Women with GDM are advised to avoid concentrated
sweets and greatly processed foods because of their
propensity to antecedent hasty increases in circulating
glucose concentrations [37, 38] or carbohydrates:
Breakfast lunch and dinner: 3 servings - each has 45
grams and two snacks of 30 grams each. Carbohydrates
content foods such as bread, beans, soft drinks, corn,
cherry, potatoes, popcorn, pie, cookies and spaghetti is
required daily for pregnant women at least around 75
grams. Complex carbohydrates (like whole-grain
cereals like oats, bajra, jowar, ragi, whole pulses,
vegetables and fruits with skins) should be preferred
over simple carbohydrates like food with lots of added
sugar or honey, or foods that are made from refined
white flour. Some examples of simple carbohydrates
include sweets, cakes, puddings, sweet biscuits,

pastry, juice, soft drinks, chips, white bread, naan, pizza
etc. Counting the number of carbohydrates serves that a
mother eats during the day will help her to eat the right
amount of carbohydrate. As a guide, aim should be for
2–3 carbohydrate serves at each major meal and 1–2
carbohydrate serves at each snack. One serve =
approximately 15 grams of carbohydrate [39]. Proteins:
2 to 3 Cups of thick Dhal or whole pulses per day for
vegetarians. For non-vegetarians 2 eggs per day
(preferably white only) or cooked chicken or Fish 1
Cup per day served with 1 Cup of dhal. Proteins content
foods such as eggs, beans, low fat cheese or dairy
products, white meat poultry, fish and seafood is
required daily for pregnant women at least around 23
grams. Protein requirement in pregnancy is increased
(additional 23 g/day) to allow for fetal growth. At least
3 serving of protein foods are required every day to
meet the increased demand [40]. Fats: Use 20 ml per
day of cooking oil which is 4 teaspoons. Proteins
content foods such as avocados, cheese, dark chocolate,
whole eggs or egg yolks, olive oil and butter is required
daily for pregnant women at moderate rate. Choosing
low fat snacks like substituting fresh fruit, salads, baked
and steamed food items for high-fat snacks such as
cakes, biscuits, chocolates, pastries, samosas and
pakoras etc. Using lean meat in place of red meat is
preferable [41]. Milk 500 ml toned milk as milk or curd.
After 2nd trimester make it 750 ml per day as milk or
Curd [42].

Self-glucose monitoring: Medical treatment is
intended at sustaining circulating glucose
concentrations in the reference interval for pregnant
women. Women with GDM are encouraged to self-
monitor their pre-prandial and postprandial blood
glucose levels before and 1–2 hours after main meals.
At present, the American Diabetes Association (ADA)
recommends fasting glucose values <6%. If the
glycaemic goals are easily obtained within 2 weeks of
initiating lifestyle interventions, women perhaps
decline the frequency of pre-prandial and postprandial
glucose measurements to twice weekly as long as the
values are within target [43].

Exercise: Exercise has been revealed to ameliorate
glycemic control in GDM. Daily moderate exercise for
30 minutes or further is recommended for a woman
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with GDM, if she has no medical or obstetrics
contraindications. Counseling GDM patients to walk
briskly, or do arm exercises while seated in a chair for
at least ten minutes after each meal facilitates in
decreasing glucose rise post-meal, and support in
reaching glycemic objective [44].

Pharmacological Intervention
Insulin therapy: Insulin is vital if medical nutrition
treatment fails to reach euglycemia. Various criteria
have been proposed for the induction of insulin
treatment. Fourth International Workshop on GDM
recommended decreasing capillary blood glucose
concentration to 140 mg/dl at 1 hour and 120 mg/dl at
2 hours, whereas ADA recommended the alternative of
measuring 1 hour post meal values with cut off of
120mg/dl. Insulin is effective and safe for the fetus, as
it does not cross the placenta. Human insulin and
various insulin analogues (for example, insulin as part,
insulin lispro and insulin detemir) have been formally
tested and are thought-out safe to use in pregnancy. An
initial dose of 0.3 international units (IU) per kg (body
weight) per 24 hours can be used when initiating the
insulin treatment and a final insulin dose close to 1 IU
per kg (body weight) is often needed. Fasting
hyperglycemia is managed with basal (long-acting or
intermediate-acting) insulin, and postprandial
hyperglycemia is managed with prandial (rapid-acting)
insulin. Basal and prandial insulin perhaps used
discriminately or in admixture, based on the individual
glycemic profile [45, 46]. In most cases, the diabetic
state disappears almost immediately after delivery,
permitting discontinuation of insulin.

Metformin: Metformin is the preferred oral
hypoglycemic agent that is being considered to be a
substitute to insulin in managing patients with GDM.
Metformin perhaps a further logical option to insulin
for women with GDM, as it is not associated with
pitfalls of maternal hypoglycemia and weight gain.
Metformin is categorized as a category B medicine,
which indicates that there is no confirmation of animal
or fetal toxicity or teratogenicity. Metformin can be
started at 20 weeks of pregnancy, if medical nutrition
therapy (MNT) has failed to control her blood sugar. If

the woman's blood sugar is not controlled with the
maximum dose of metformin (2 gm/ day) and MNT,
Insulin to be added. The dose of metformin is 500 mg
twice daily orally up to a maximum of 2 gm/day.
Although, metformin has been revealed to pass freely
across the placenta, there are no observed adverse drug
reactions to the fetus when it is used to manage women
with infertility antecedent by polycystic ovary
syndrome (PCOS) [47, 48].

Conclusion
GDM happens when the woman’s beta cell work is
unable to overwhelm the antagonism created by the
anti-insulin hormones of pregnancy and the elevated
fuel consumption necessitated to provide for the
growing feto-maternal unit. GDM can be diagnosed by
the usage of similar procedure used to diagnose T1DM
and T2DM: a fasting plasma glucose (FPG)
concentration of >126 mg/dl on 2 separate occasions or
a random BG concentration of greater than 200 mg/dl
on two separate occasions. The direct contribution of
glucose to β-cell failure is explained as glucotoxicity.
Thus, once β-cell malfunction commences, a vicious
cycle of hyperglycemia, insulin resistance, and more β-
cell dysfunction is set in motion. Fasting hyperglycemia
is managed with basal (long-acting or intermediate-
acting) insulin, and postprandial hyperglycemia is
managed with prandial (rapid-acting) insulin. Basal and
prandial insulin perhaps used discriminately or in
admixture, based on the individual glycemic profile.
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