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Introduction
Gestational diabetes mellitus (GDM) defined as
"glucose intolerance of any degree with onset or first
recognition during pregnancy", results when there is
a reduction in the pancreatic β-cell effect of 67% or
more when compared with normal pregnant women1.
It generally occurs in 3-10% of pregnant women2, but
its prevalence may range from 1 to 14% of pregnancies,
depending on the population studied 3 . GDM
represents 90% of all cases of diabetes mellitus that
are diagnosed during pregnancy. Tragically, its
prevalence in pregnancy had doubled in the last 8
years, a 12% increase per year4.
Pre-conceptional counselling
Expectant mothers must be advised to maintain
a fasting plasma glucose between 80-90 mg/dl,
postprandial plasma glucose between 110-120 mg/
dl and HbA1C below 6.5%, 3 months before conception
and to take a prenatal vitamin containing at least 5
mg/d folic acid. This is in keeping in mind the 9-14%
miscarriage rate in women with preexisting diabetes
mellitus and the rates for birth defects reported
between 5.1 and 9.8%5,6 even with optimal control, as
against 1-2% for the general population. In a mother
with a previous pregnancy complicated by GDM the
risk for GDM in the second pregnancy is 41.3% when
compared to 4.2% in normoglycaemic women (OR,
13.2; 95% confidence interval [CI], 12.0-14.6) 7 .
Increased incidence of preeclampsia, 12% as
compared to 8% for the nondiabetic and macrosomia8
warrants monitoring the blood pressure and advice
on avoiding obesity. It is also prudent to consider an
ophthalmologic evaluation.
Screening
Antenatal screening for diabetes involves
universally testing all pregnant mothers by a 50-g oral
glucose challenge test [GCT] and performing a
diagnostic OGTT on that subset of women exceeding
the glucose threshold value at 1-hour of >140 mg/dl
(7.8 mmol/l) , which identifies 80% of women with
GDM, or >130 mg/dl (7.2 mmol/l) which identifies
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90%9 . Alternatively selective screening could be
performed on the following subset of women with the
definitive criteria listed below:
1. Maternal age older than 35 years
2. Previous infant weighing more than 3500 g
3. Glycosuria in second urine sample
4. Previous unexplained fetal demise
5. Previous pregnancy with GDM
6. Strong immediate family history of type 2 diabetes
mellitus (T2DM ) or GDM
7. Obesity (>90 kg)
8. Fasting plasma glucose (FPG) value greater than
140 mg/dl (7.8 mmol/L) or random glucose value
greater than 200 mg/dl (11.1 mmol/L)
Diagnosis
Over the years diabetes has been diagnosed in
pregnancy using the well-documented WHO criteria
as listed in Table 110.

Table 1. 2006 WHO diabetes criteria
Condition

Fasting
glucose

2 hour
glucose

mmol/l(mg/dl)

mmol/l(mg/dl)

Normal

<6.1 (<110)

<7.8 (<140)

Diabetes
mellitus

≥7.0 (≥126)

≥11.1 (≥200)

Hyperglycaemia and adverse pregnancy outcome
(HAPO) study
The HAPO study sought to clarify the association
between multiple adverse outcomes of pregnancy and
degrees of hyperglycemia less severe than those
diagnostic of diabetes11. Study consisted of 25,000
women in 9 countries. Increasing glucose
concentration less severe than diabetes was associated
with fetal macrosomia. It is also suggested that fluxes
of glucose levels other than fasting or postprandial
states were related to excessive fetal growth. There
were also strong associations between maternal
glucose levels with preeclampsia (ORs 1.40-1.57),
shoulder dystocia and/or birth injury (1.30-1.43).
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The International Association of Diabetes and
Pregnancy Study Group (IADPSG) and the new
diagnostic criteria for GDM
The International Association of Diabetes and
Pregnancy Study Group (IADPSG) was formed in 1998
as an umbrella organization to study and focus on
diabetes and pregnancy. IADPSG which reviewed the
data of the HAPO study made the following
recommendations for new diagnostic criteria for
GDM, as listed in Table 212. The average glucose values
were at which odds for birth weight >90th percentile,
cord blood C-peptide >90th percentile, and percent
body fat >90th percentile reached 1.75 times the
estimated odds of these outcomes.

Table 2
Maternal glucose
following 75g GTT

Proposed diagnostic
threshold for GDM

Fasting plasma glucose 92 mg/dl (5.1 mmol/L)
1 hour plasma glucose

180 mg/dl (10 mmol/L)

2 hour plasma glucose

153 mg/dl (8.5 mmol/L)

The diagnosis is made easier in that only 1 of
these cut-offs (FPG, 1-hour OGTT, or 2-hour OGTT)
must be met or exceeded to diagnose GDM.
Pre-diabetes
Impaired fasting glucose (IFG) is detected when
the FPG level is ≥100 mg/dl (5.6 mmol/l) but <126
mg/dl (7.0 mmol/l) and impaired glucose tolerance
(IGT) when the 2-hour 75 g OGTT value is ≥140 mg/
dl (7.8 mmol/l) but <200 mg/dl (11.1 mmol/l). While
not meeting criteria for diabetes they are however
associated with the metabolic syndrome, which
includes obesity, dyslipidemia of the high-triglyceride
and/or low-HDL type, and hypertension. Interestingly
19% of people over the age of 20 years, the group
which includes childbearing women, have
prediabetes13, which has been listed as "America's
largest healthcare epidemic"14.

Management
(a) Dietary regulation
The foundation of treatment for all patients is a
diet consisting carbohydrates lower than 40%.
However, 30-50% of women with GDM require
pharmacological therapy when diet alone fails to
reduce glucose levels15. Pharmacological therapy is
commenced by some when the FPG is ≥95 mg/dl and
by others when it is ≥105 mg/dl 16. However, all
authorities agree that drug therapy should be initiated

when 2-hour postprandial glucose levels are ≥120 mg/
dl or 1-hour levels are ≥140 mg/dl17. Patients with a
fasting plasma glucose <105 mg/dl can be selected
for a 'trial of diet therapy' for a 2 to 4 week period18.
However, when GDM is diagnosed after 30-33 weeks'
gestation, pharmacological intervention is
recommended as there is limited time available to
influence the desired level of control.
(b) Medication
Oral anti-diabetic agents (OAA)
The basis for the long-standing apprehension for
use of OAAs during pregnancy stems from the fact
that first-generation sulfonylureas crossed the
placenta readily (21.5% for tolbutamide, 11% for
chlorpropamide). The second-generation sulfonylureas crossed however to a much lesser extent, 6.6%
for glipizide and 3.9 % for glibenclamide 19. No
glibenclamide was detected in the cord blood 20 .
Possible reasons for the minimal transfer of
glibenclamide include its high protein binding
(99.8%), short elimination half-life (10 h) and the
placenta actively pumping glibenclamide back into
the maternal circulation by adenosine-triphosphatebinding cassette transporters21. Data from studies in
rats and rabbits revealed that neither glibenclamide
nor glipizide was teratogenic, even when given in
large doses22. Also no significant teratogenicity was
observed in rats fed with metformin four times the
maximum recommended human dose (MRHD) and
with rosiglitazone 20-75 times the MRHD23.
Glibenclamide
Langer et al conducted a large randomized
controlled trial using glibenclamide 2.5-20 mg/day
(mean 9) and compared it with insulin in 404 women
with gestational diabetes. No significant difference was
found in glycaemic control or neonatal outcomes24.
Failure with glibenclamide is predicted if fasting
glucose levels are greater than 110 mg/100 ml25.
Biguanides
Metformin has been shown to pass freely across
the placenta. Two in vivo studies in women taking
metformin throughout pregnancy, 850 mg twice daily
in 15 women 36 and 2000 mg/day in 8 women
respectively, showed that the fetus is exposed to
concentrations as high as those seen in the mother26,27.
One recent study examining the use of metformin
throughout pregnancy in 109 women with PCOS
found normal growth and motor development in
infants (126 live births) followed up to 18 months28. In
a meta-analysis evaluating the safety of sulfonylureas
and biguanides administered in the first trimester,
which included 10 studies on 471 exposed women,
no significant difference was found in the rate of major
malformations or neonatal deaths29.
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Thiazolidinediones



o Detailed anatomy sonogram at 18-20 weeks.

Rosiglitazone and pioglitazone freely cross the
placenta30. Because there is no clinical study to date
reporting on the use of thiazolidinediones in
pregnancy, these agents should not be prescribed.

o Fetal echocardiogram if HbA1C value was
elevated in first trimester.


Insulin therapy
Insulin has long been the mainstay of
pharmacological treatment for women with
gestational diabetes. Regular check-ups are by plasma
sugar estimations. The Fifth International Workshop
Conference on Gestational Diabetes 31 currently
recommends the following:
o Fasting plasma glucose 90-99 mg/dL (5.0-5.5
mmol/L) and
o One-hour postprandial plasma glucose less
than 140 mg/dL (7.8 mmol/L) or
o Two-hour postprandial plasma glucose less
than 120-127 mg/dL (6.7-7.1 mmol/L).
Insulin pump
The effectiveness of continuous subcutaneous
insulin infusion in pregnancy is well established .
Hieronimus et al compared outcome of 33 pregnant
women managed with insulin pump to 23 receiving
multiple injections, reporting similar HbA1c levels,
macrosomia rates, and caesarean rates32. Lapolla et al
reported a small cohort of 25 women treated with
insulin pump in pregnancy compared to conventional
insulin treatment (n=68) and found no differences in
glycaemic control or perinatal outcome33.
(c) Fetal monitoring
Periodic fetal biophysical testing
In patients with poor glycaemic control,
intrauterine growth restriction or significant
hypertension, formal biophysical testing involving
fetal heart rate testing, fetal movement assessment,
ultrasonographic biophysical scoring, and fetal
umbilical Doppler studies could be commenced as
early as 28 weeks. In patients who are at lower risk,
most centres begin formal fetal testing by 34 weeks.
Fetal movement counting is performed in all
pregnancies from 28 weeks onward.
Imaging studies
Apart from laboratory studies the following
imaging studies are recommended.


First trimester
o Sonogram (crown-rump length) for dating
and viability and for nuchal translucency.
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Second trimester

Third trimester
o Growth sonogram to assess fetal size every
4-6 weeks from 26-36 weeks in women with
overt preexisting diabetes.
o Growth sonogram for fetal size at least once
at 36-37 weeks for women with gestational
diabetes mellitus (consider performing this
study more frequently if macrosomia is
suggested).

Assessing fetal growth
Monitoring fetal growth continues to be a
challenging and an imprecise process as the accuracy
is still only within ±15%. Fetuses predicted to weigh
between 4000 grams and 4500 grams based on
ultrasonographic findings actually weigh that much
only in 50% of the time. In 1992, Bernstein and
Catalano reported that significant correlation existed
between the degree of error in the ultrasonogram-based
estimation of fetal weight and the percent of body fat
on the fetus (r = 0.28, P <.05)34. The accelerated growth
of the abdominal circumference begins to rise
significantly above normal after 24 weeks.
Intra partum management
Timing and route of delivery
An optimal time for delivery of most diabetic
pregnancies is typically on or after the 39th week. In
patients with gestational diabetes mellitus and good
glycaemic control, continued fetal testing and
expectant management can be considered until 41
weeks of gestation. However, after 40 or more weeks,
the benefits of continued conservative management
are likely to be less than the danger of fetal compromise.
Avoiding shoulder dystocia
While shoulder dystocia occurs in 0.3-0.5% of
vaginal deliveries among healthy pregnant women,
the incidence is 2- to 4-fold higher in women with
diabetes. With strict glycaemic control, the birth injury
rate has been shown to be only slightly higher than
controls (3.2 vs 2.5%)2.
Post partum management
Post-natal advice
Glucose tolerance tests are performed 6 weeks
post-partum to determine whether it was GDM or a
new diagnosis of type 2 diabetes. Close follow-up of
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women with previous GDM, is possible only in 50%
in the United States 35 , with the promotion of a
combination of breastfeeding, lifestyle changes with
increased physical activity, weight loss and a healthy
diet, to significantly reduce the maternal risk for type
2 diabetes mellitus (T2DM).
Management of the neonate
Tight glycaemic control has dramatically reduced
the incidence of neonatal respiratory distress
syndrome (RDS) from 31% to 3% 36 and neonatal
hypoglycaemia 37 . Neonatal hypocalcaemia and
polycythemia too are recognized complications.
Postnatal
hyperbilirubinaemia
occurs
in
approximately 25% of infants of diabetic mothers, a
rate approximately double that in a healthy
population.
Use of oral antidiabetic agents while breast-feeding
First-generation sulfonylureas, tolbutamide and
chlorpropamide, have been found to cross into breast
milk26. Both glibenclamide and glipizide appeared to
be compatible with breast-feeding38. No glibenclamide
was found in milk samples39. Metformin is excreted
into breast milk at very low levels40 and there was no
significant difference in weight, height, or motor-social
development of infants at 3 and 6 months of age41.
There have been no reports to date of studies
evaluating the passage of thiazolidinediones into
breast milk.
Long term follow up
In a new meta-analysis of 20 cohort studies
involving 675,455 women and 10,859 cases of T2DM,
Bellamy and colleagues reported that women with
previous GDM have at least a 7.5-times increased risk
of developing T2DM in the future, compared with
those with normoglycaemic pregnancy and the
relative risk of 4.69 of developing T2DM within 5 years
of a pregnancy doubling to 9.3442.

the following protocol for the prevention of T2DM and
CVD in women with GDM46
1. OGTT 6 weeks post-partum to detect either
established T2DM or impaired glucose intolerance.
2. Annual OGTT for those with impaired fasting
glucose or impaired glucose intolerance.
3. Regular OGTT after one year even when the postpartum results are normal.
4. Abdominal circumferences, blood pressure and
lipid profile to be investigated in addition to the
OGTT.
Childhood obesity
The degree of adiposity at birth, independent from
the weight at birth, calculated from the birth weight,
length, and flank skin fold thickness according to the
equation given by Catalano et al47, expresses the
possibility that a newborn may have relatively more
fat than one born with a heavier birth weight48.
Childhood metabolic syndrome
By age 10-16 years, offspring of diabetic
pregnancy have a 19.3% rate of impaired glucose
intolerance 49 . A growing body of literature now
supports a relationship between intrauterine exposure
to maternal hyperglycaemia and risk of childhood
obesity and metabolic syndrome later in life50,51.
(d) Recommendations for clinical practice
Recommendations of the American Diabetes
Association (ADA) for the diagnosis of GDM in view
of the IADPSG proposals (February 27, 2010)52
A.

Women with high risk characteristics for GDM
(mentioned earlier) should undergo an OGTT
testing as soon as feasible and re-tested between
24 and 28 weeks if found to be normal

B.

All antenatal mothers to have their fasting
plasma glucose (FPG) checked at booking visit.

Risk of cardiovascular disease

(i)

Relatively young women, just 2 years after a GDM
pregnancy, have been observed to have increased
carotid artery intima-media thickening and are at risk
of early onset of subclinical atherosclerosis43,44. Shah
et al calculated the hazard ratio for CVD events in
women with past GDM to be 1.71 and postulated that
T2DM and CVD probably develop in parallel in this
group of patients45.
Prevention of T2DM and cardio-vascular disease (CVD)
in women with GDM
The American Diabetes Association recommends

Fasting plasma glucose ≥7.0 mmol/l (126
mg/dl) indicated overt diabetes, therefore
treat and follow-up as for pre-existing
diabetes

(ii) Fasting plasma glucose ≥5.1 mmol/l (92 mg/
dl) but <7.0 mmol/l (126 mg/dl), test with a
75-g OGTT to diagnose GDM
(iii) Fasting plasma glucose <5.1 mmol/l (92 mg/
dl), test for GDM from 24 to 28 weeks'
gestation with a 75-g OGTT
C.

A 2-h 75-g OGTT to be performed on all women
not previously found to have overt diabetes or
GDM during testing earlier in this pregnancy.
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(1) Overt diabetes if fasting plasma glucose ≥7.0
mmol/l (126 mg/dl).
(2) GDM if one or more values equals or exceeds
thresholds indicated in Table 2.
(3) Normal if all values on OGTT less than
thresholds indicated in Table 2.
The cost-effectiveness of the above schedule has
been hotly debated and the National Institute for
Health and Clinical Excellence (UK) have concluded
that "screening, diagnosis, and treatment of gestational
diabetes is cost-effective"53.
(e)

Recommendations for future research

The same risk factors appear to govern both GDM
and T2DM, suggesting a common genetic background
for both54. In accordance with the suggestion of a
common genetic background it is hypothesized that
women with previous gestational diabetes (pGDM)
and GDM display some alleles associated with a high
risk of T2DM55,56.
Post-natal medication for normotolerant women with
previous GDM
Buchanan et al, in the Triglitazone in the
Prevention of Diabetes (TRIPOD) study57 and women
with pGDM enrolled in the Diabetes Prevention
Programme where normotolerant postpartum women
were treated with metformin, have reported a 55% and
50% respective risk reduction in progression to T2DM.
However, it should be noted that these medications
are not currently approved for use in T2DM prevention
and that additional studies are needed to evaluate the
cost-effectiveness of these preventive measures for both
T2DM and CVD.

Conclusions
Diabetes is alarmingly spreading around the
globe in 'pandemic' proportions. The new diagnostic
criteria recommended by IADPSG identified 16.1%
of the pregnant population as having GDM . This with
1.7% of pregnant women with overt diabetes
discovered for the first time in pregnancy, raises the
total incidence of gestational diabetes in pregnant
women to 17.8% . Interestingly this is close to the 19%
of people over the age of 20, the group which includes
childbearing women, who are found to have
prediabetes58. Obesity and a family history of T2DM
represented the most important risk factors for the
development of GDM45.
A meta-analysis evaluating the safety of
metformin, glibenclamide, and glipizide indicates
their safety even when administered in the first
trimester29 and they appear to be compatible with
breast-feeding. However, their use in normotolerant
Vol. 32, No. 4, 2010
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women postpartum, for T2DM prevention, is not
currently approved.
The Fifth International Workshop on Gestational
Diabetes and the North American Diabetes in
Pregnancy Study Group have endorsed the use of
glibenclamide as an alternative pharmacological
therapy to insulin during pregnancy 31 and its
popularity as first-line treatment appears to be
growing.
These changes in managing GDM may be
welcome to women with gestational diabetes who are
inconvenienced by injections and to those in areas
where insulin may not be readily available or its cost
and storage prohibitive. Such a change will certainly
be greatly welcomed especially in the developing world.
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