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ABSTRACT

The incidence and prevalence of GDM is on the rise worldwide and, more so in developing countries including India.
GDM is associated with maternal, fetal and neonatal morbidities. Current guidelines recommend GDM screening only
at 24-28 weeks of gestation. Diagnosis of GDM in later half of pregnancy leads to fetal and maternal morbidities in
spite of good glycemic control. This necessitates the use of a simpler, convenient, accurate, and reliable test, which can
predict GDM in early gestation. Our article reviews the scope of using HbAlc for GDM and its efficacy in screening

GDM.
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INTRODUCTION

Gestational Diabetes Mellitus is “carbohydrate intolerance
in severity of varying degrees that is first recognized
during pregnancy”.! It is well known that GDM is
associated with fetal and maternal complications.? With its
rising incidence and prevalence worldwide, GDM is
having a huge impact especially on developing countries
including India. India ranks second in diabetic population
with a high figure as high as 62.4 million, which is
expected to touch 100 million by the year 2030.3 The
prevalence varies in the urban and rural settings in our
country with 4.6-14% being the prevalence range in urban
areas and 1.7-13.2% prevalence in rural areas.*
Furthermore, there is geographic variation in the
prevalence rates of GDM in India which could be
attributed to factors like dietary habits, age, maternal
obesity, socioeconomic status, etc. We have a prevalence
variation ranging from 3.8% in Kashmir and going as high
as 17.9 % in Tamil Nadu.* Changed dietary patterns and
sedentary lifestyle have led to increased incidence of
diabetes mellitus (DM) and a parallel rise in GDM as well.’

GDM leads to fetal complications like congenital
anomalies, macrosomia, hypoglycemia, shoulder dystocia,
and stillbirth also.%” The children born to GDM mothers
also have high chances of developing obesity and DM in
later life.® Maternal complications include increased
numbers of C-sections, perineal injuries during birth of a
macrosomic baby, pregnancy induced hypertension (PIH)
and future development of DM or some form of glucose
intolerance even after delivery.*710

Despite these severe morbidities involving both the mother
and baby in intrauterine and extrauterine life, it is seen that
GDM is mostly asymptomatic going unnoticed till routine
screening is done.! According to the current guidelines,
this routine screening is done at 24-28 weeks through 75-
g OGTT (oral glucose tolerance test) and diagnosing GDM
by IADPSG (International Association of Diabetes and
Pregnancy Study Groups) criteria.l But, this test is
cumbersome requiring venipuncture in the antenatal
woman three times for blood samples with a prerequisite
of fasting for a minimum of 8 hours. Further, lack of any
specific standard guideline and numerous criteria by
WHO, American Diabetes Association (ADA), etc. adds
to the confusion. Screening and diagnosing GDM in later
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half of pregnancy, delays the initiation of management and
leads to above morbidities in spite of good glycemic
control after diagnosis.*

It is well known that GDM if well controlled, can prevent
the perinatal complications.”> Hence, an universally
acceptable, reliable and sensitive test, which could
facilitate early detection of GDM is required in view of
high prevalence and related morbidities and mortalities
which are preventable. Glycosylated hemoglobin is one
such test that can be used as a tool for early detection of
GDM. It has the convenience of being simple, needing a
single prick, not needing fasting state and requiring very
less amount of blood sample. HbA1c if used effectively as
a tool for GDM detection in first trimester, may prevent
maternal, fetal and neonatal morbidities, and also
distinguish pre-GDM from GDM, thus changing line and
intensity of management.*!

CLASSIFICATON OF DIABETES MELLITUS
Etiological classification

Diabetes mellitus may be classified as Type 1, type 2, other
types and GDM based on etiology. Type 1 is caused by
destruction of the beta-cells of pancreas leading to insulin
deficiency. This can be immune mediated or idiopathic.
Type 2 DM is a result of insulin resistance at the tissue
level. Other types of DM are caused due to genetic
mutations, genetic defects, pancreatitis, cystic fibrosis,
endocrinopathies, chemical induced or infections.
Gestational Diabetes Mellitus is glucose intolerance of any
severity first detected during pregnancy.

Diabetes in pregnancy

A classification system has been proposed for diabetes in
pregnancy.®® This is because the presence of preexisting
hyperglycemia in pregnancy may produce vascular
changes, thus exaggerating adverse pregnancy outcomes.

Under this classification, the types of diabetes in
pregnancy are - Gestational diabetes which is first detected
during pregnancy and is not overt diabetes (not included in
type 1 or type 2 DM). The next class is type 1 diabetes in
pregnancy, which is due to pancreatic beta cell destruction.
It is further classified as, with or without vascular
involvement. Type 2 diabetes in pregnancy is due to tissue
insulin resistance and is further classified as with or
without vascular involvement. Other types of diabetes in
pregnancy have genetic, inflammatory, chemical or drug
induced etiology. The prior vascular involvement in
pregnancy signifies increased chances of adverse
outcomes.

The overt diabetes or pre-gestational diabetes is diagnosed
based on fasting blood glucose, 2-hr post 75-gm anhydrous
glucose during OGTT, HbAlc and RBS.}415 Cut-off
values of the above parameters are as follows — Fasting
blood glucose > 126 mg/dl or 7 mmol/L, 2-hr reading of
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75-gm OGTT > 200 mg/dl, HbAlc > 6.5% and Random
blood glucose of > 200 mg/dl or 11.1 mmol/L with
symptoms of hyperglycemia.

Physiology of carbohydrate metabolism in pregnancy

The carbohydrate metabolism undergoes numerous
changes during pregnancy which ensures appropriate
nutrient allocation to the fetus and the mother.’® The
placental hormones contribute in these changes, which is
proven by the fact that GDM resolves after termination of
pregnancy.

Physiological hemodilution in early gestation leads to drop
in maternal fasting levels of blood glucose. These levels
are comparatively constant in second trimester with a
further fall during the third trimester.” Increased
consumption of glucose by fetoplacental unit and
decreased insulin sensitivity cause this fall in fasting blood
sugar levels in the third trimester.'” Fasting blood glucose
levels comparison in non-pregnant and pregnant states,
show lower values in pregnancy. Drop in the fasting levels
lead to an increased post-prandial blood sugar levels in
pregnancy.*® Increased hepatic gluconeogenesis and high
levels of free fatty acids are also seen in pregnancy. The
raised PPBS is a result of —

Insulin resistance which occurs due to placental hormones
like human placental lactogen, and placental inflammatory
mediators along with other hormones like progesterone,
cortisol and prolactin.®

Pancreatic beta-cell changes occur due to insulin
resistance causing increase in insulin secretion. An
increase in the number and size of beta cells is seen.

Hepatic gluconeogenesis is increased as a result of insulin
resistance to achieve normal levels of blood glucose.

PATHOPHYSIOLOGY OF
DIABETES MELLITUS

GESTATIONAL

The etiology of Gestational Diabetes is attributed to
following factors:

e Insulin resistance at tissue level.°

e Pancreatic beta-cell dysfunction due to increased
load on these cells in order to produce excess insulin
to combat with the pregnancy induced insulin
resistance.?°

e Adiponectin and leptin cause neurohormonal
regulation.

e Hepatic gluconeogenesis is increased in GDM.

e  The mitochondrial number and function is reduced in
cardiac and skeletal muscles.?

e Gut microbiome disturbances also contribute in
metabolic disorders.?

e Placental hormones and cytokines.

e  Oxidative stress.
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Presence of these factors before pregnancy and their
progress may lead to type 2 DM after delivery.?

RISK FACTORS FOR GESTATIONAL DIABETES
MELLITUS®%

The risk factors for GDM are increased maternal age,
obesity and high pre-pregnancy BMI, high order of parity,
history of diabetes in a first degree relative, previous
obstetric history of glucose intolerance, PIH, preterm birth,
miscarriages, stillbirth, birth of a macrosomic baby or fetal
anomalies and history of polycystic ovarian syndrome.

MATERNAL AND FETAL EFFECTS OF
GESTATIONAL DIABETES MELLITUS

Effects on the mother?®

Diabetic complications such as nephropathy, retinopathy,
neuropathy and ketoacidosis may be seen in GDM. Also,
the GDM mothers are at high risk of developing pre-
eclampsia and are more susceptible to infections.

Effects on the fetus?’

Congenital anomalies, macrosomia, polyhydramnios,
preterm bith, spontaneous abortions and unexplained fetal
death are some of the effects on fetuses of GDM mothers.

Effects on the neonates?®

The neonates born to GDM mothers are susceptible to
development  of  respiratory  distress  syndrome,
hypocalcemia, hypoglycemia, hyperbilirubinemia,
cognitive defects, cardiomyopathy and increased risk of
inheriting DM.

SCREENING AND DIAGNOSIS OF GDM

50 gm OGCT (Oral Glucose Challenge Test) is
recommended for screening of GDM according to the
guidelines by American Diabetic Association and the
American Congress of Obstetricians and Gynaecologists.
The cut-off value of the 1-hr blood glucose level post the
50-gm glucose load is 140mg/dl and levels > 140 mg/dl
are taken as positive. Antenatal women with positive
OGCT are subjected to 3-hr 100-g OGTT.

DIAGNOSIS

Diagnosis of GDM is done by one-step or two-step
approach.

The one-step approach is recommended by IADPSG and
WHO.%

A 75 gram glucose load is given to fasting antenatal
women at 24-28 weeks in this approach. IADPSG
recommends testing the fasting, 1-hr and 2-hr blood
glucose values with > 92 mg/dl, > 180 mg/dl and > 153
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mg/dl as positive test results. If one or more of these values
are above the given cut-offs, diagnosis of GDM is made.
On the other hand, WHO recommends testing blood
glucose value at fasting and 2-hr post the glucose load.
Fasting blood glucose >126 mg/dl or 2-hr >200 mg/dl is
considered as diagnostic.'®

Two-step approach is recommended by ACOG and is
performed at gestational age of 24-28 weeks.'® First step
involves giving of 50-g glucose solution with a 1-hr
plasma glucose level cut-off of 135 mg/dl.%° Those with 1-
hr value > 135 mg/dl are considered positive and subjected
to second step involving 100-g OGTT. Blood glucose
values of > 95 mg/dl, > 180 mg/dl, > 155 mg/dl and > 140
mg/dl are taken as positive for fasting, 1-hr, 2-hr and 3-hr,
respectively. This guideline recommends that GDM can be
diagnosed if >1 value is positive.

Along with these standard tests for screening and diagnosis
of GDM, many studies have evaluated glycosylated
hemoglobin (HbAlc) as a screening tool for early
detection of GDM. HbAlc is a hemoglobin with
irreversibly glycated valine at the N-terminal of beta-chain
of hemoglobin through non-enzymatic glycation
pathway.3! It indicates plasma glucose concentration over
a period of 3 months and helps to differentiate pre-GDM
and GDM. This test is convenient, inexpensive, involves
withdrawal of blood sample only once and does not require
the antenatal woman to be in a fasting state. Also, HbAlc
shows minimal day-to-day variability as well as inter and
intra-individual variability. The disadvantages of HbAlc
are that it is unreliable in cases of hemoglobin traits,
hemolytic anemias, blood transfusions and major blood
loss. It is measured by high performance liquid
chromatography (HPLC) technique. It is seen that HbAlc
displays pregnancy-specific changes with resultant
varying values in different trimesters of pregnancy.?

Study done by Agarwal et al shows that HbAlc at a cut-
off value of <5.5% has a specificity of 95.8%, sensitivity
of 82.1%, positive and negative predictive value of 28.6%
and 83.3%, respectively.® Through their study, they
concluded that HbAlc is capable of eliminating the need
of OGTT in 25.1% women with a 27% false positive rate.
They did not recommend HbAlc as a good tool for
diagnosis of GDM.

Amreen et al got a sensitivity and specificity of 80% and
55.3%, respectively and a positive and negative predictive
value of 63.8% and 73.7%, respectively after taking
HbA1c value of 5.5%.%3 They concluded that HbA1c is an
effective tool to predict GDM.

Aldasouqui et al studied sensitivity of HbAlc in predicting
GDM at different cut-off values.>* They found that the
sensitivity of HbAlc was 100%, 98.4% and 62% at cut-off
of 5%, 5.5%and 6.5%, respectively. They also gave
positive comments regarding use of HbAlc as an early
predictor of GDM.
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Arbib et al used HbA1c value of 5.45% and got specificity
of 69%, sensitivity of 83.3%, positive and negative
predictive values of 53% and 90.8%, respectively.® The
conclusion of their retrospective study was that HbAlc has
arole as biomarker of GDM in first trimester of pregnancy.

Duke et al got a specificity of 58%, sensitivity of 54% with
a positive predictive value (PPV) and negative predictive
value (NPV) of 75% and 81%, respectively at HbAlc cut-
off value of >5.7%.3¢ They reported that the concordance
between OGTT and HbAlc is poor in diagnosis of normal
glucose tolerance, diabetes and pre-diabetes and hence did
not favour use of HbAlc in predicting GDM.

Hughes et al used HbAlc value of 5.9% as cut-off and got
a 100% sensitivity and 97.4% specificity.®” The positive
predictive value was 18.8% and NPV of 100%. They
concluded that with HbAlc > 5.9%, it is possible to
identify all the women with GDM who are high risk for
adverse outcomes in pregnancy hence affirming the
efficacy of HbAlc in predicting GDM.

Odsaeter et al, in their study on 677 women belonging to
Nordic Caucasian ethinic background, studied efficacy of
HbAlc at different values and found that at cut-off values
of <4.7%, >5.4% and 5.6%, the sensitivities are 100%,
14.6% and 7.3%, respectively.®® The corresponding
specificity values for these cut-offs were 0.6%, 93.6% and
100%, respectively. They concluded that HbAlc could
potentially reduce the numbers of OGTT.

Rajput et al conducted a study in Rohtak, India and
reported that with cut-off value of >5.45%, HbAlc has a
85.7% sensitivity and 61.1% specificity in predicting
GDM.*® These figures became 28.6% and 97.2%,
respectively with HbAlc cut-off of >5.95%. They further
concluded that the OGTT could be eliminated in 61.8%
patients by using HbA1c.

Renz et al, in their prospective study conducted in Brazil,
studied HbAlc by evaluating its efficacy at different
values.* They found that with 5.8% of cut-off, the
sensitivity and specificity was 26.4% and 94.9%. But, they
concluded that in spite of the low sensitivity, HbAlc could
be an effective tool for screening GDM which can help to
avoid the inconvenient OGTT in almost a third of the
patients, and that further studies need to be done for
confirmation.

On the other hand, Ryu et al, after studying the sensitivities
and specificities of HbAlc at various cut-off values, found
that at 5.35%, HbA1c has sensitivity, specificity, PPV and
NPV of 87.2%, 70.9%, 58. 3% and 92.2%, respectively.*
In spite of these significant values it was concluded in the
study that HbAlc cannot replace the current standard
OGTT for diagnosis of GDM.

Soumya et al in their study found that the HbA1c at a value
of 5.3%, has sensitivity of 95.6%, specificity if 51.6%,
PPV of 16% and NPV of 99%.? These figures are 73.7%,
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75%, 21.5% and 96.7% with the cut-off of 5.7%. In this
study they performed HbAlc at gestational age of 24-28
weeks and they found that HbAlc cannot replace the
OGTT but can be an effective screening tool which can
avoid OGGT in almost half the antenatal women with a
cut-off value of 5.3%.

Sujithra et al, on the other hand obtained a specificity of
93.2%, sensitivity of 70.4%, PPV and NPV of 79.2% and
89.5%, respectively using 5.7% value of HbAlc and
reported the usefulness of HbAlc as an efficacious tool for
prediction of GDM.*

Ye et al took a HbAlc cut-off value of 5.5% to obtain a
specificity of 95.7% and sensitivity of 14.8%. They
concluded that even with low sensitivity, HbAlc could be
useful in screening GDM but further studies need to be
done to confirm the same.*

An overlook at these studies suggests that maximum
efficacy of HbAlc in diagnosing GDM is seen at values in
the range of 5.4-5.9%.

CONCLUSION

After reviewing articles on efficacy of HbAlc in screening
GDM, it can be concluded that HbAlc may used as an
effective tool for predicting and screening GDM and can
obviate need for OGTT in significant number of antenatal
mothers. A convenient and simpler test like HbAlc
provides ability to avoid the cumbersome and time-
consuming OGTT in low risk patients with additional
benefits of prevention of fetal and maternal morbidities if
tested early. The studies around world suggest the need for
pregnancy-specific cut-off values of HbAlc. These studies
show that this cut-off could lie in a range of 5.4 —5.9% and
further studies should be undertaken to obtain a more
specific value. With the evolving utility of HbAlc in
current scenarios, this study emphasizes on the need for
more studies to assess the value of HbAlc in GDM
screening especially in the early gestation.
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