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Gestational diabetes mellitus (GDM) affects between 2% and 5% of pregnant
women. Data show that increasing levels of plasma glucose are associated
with birth weight above the 90th percentile, cord blood serum C-peptide level
above the 90th percentile, and, to a lesser degree, primary cesarean deliveries
and neonatal hypoglycemia. Risk factors for GDM include history of macro-
somia, strong family history of diabetes, and obesity. Screening protocol for
GDM is controversial; some recommend a universal approach, whereas others
exempt low-risk patients. The cornerstone of management is glycemic control.
Quality nutritional intake is essential. Patients with GDM who cannot control
their glucose levels with diet alone will require insulin. There is no consensus
as to when to initiate insulin therapy, but more conservative guidelines are in
place to help minimize macrosomia and its associated risks to the infant. It
is generally recommended that pregnancies complicated by GDM do not go
beyond term.
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Pregnancy confers a state of insulin resistance and hyperinsulinemia that
may predispose some women to develop diabetes. Gestational diabetes mel-
litus (GDM) occurs when a woman’s pancreatic function is not sufficient to

overcome the diabetogenic environment of pregnancy. GDM is defined as glucose
intolerance that was not present or recognized prior to pregnancy.1 In the United
States, prevalence rates for GDM are higher for African American, Hispanic,
American Indian, and Asian women than for white women. The prevalence of
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GDM in the United States varies from
1.4% to 14%. Most commonly, GDM
affects between 2% and 5% of preg-
nant women. The amount of GDM
varies in direct proportion to the
prevalence of type II diabetes.2

There are 2 different methods of
classifying diabetes in pregnancy.
The first is the White classification
(Table 1),3 and the second is the
American Diabetes Association (ADA)
classification (Table 2).4

Pathophysiology
Insulin resistance during pregnancy
stems from a variety of factors,
including alterations in growth hor-
mone and cortisol secretion (insulin
antagonists), human placental lacto-
gen secretion (which is produced
by the placenta and affects fatty acids
and glucose metabolism, promotes

lipolysis, and decreases glucose up-
take), and insulinase secretion (which
is produced by the placenta and facil-
itates metabolism of insulin). In addi-
tion, estrogen and progesterone also
contribute to a disruption of the glu-
cose insulin balance. Increased mater-
nal adipose deposition, decreased ex-
ercise, and increased caloric intake

also contribute to this state of relative
glucose intolerance.

Risk Factors for GDM
Several risk factors are associated
with the development of GDM. The
most common risk factors include a
history of macrosomia (birth weight
� 4000 g), being a member of an eth-
nic group with a higher rate of type II
diabetes (as mentioned above), poly-
cystic ovarian syndrome, essential
hypertension or pregnancy-related
hypertension, history of spontaneous
abortions and unexplained stillbirths,
strong family history of diabetes (es-
pecially in first-degree relatives), obe-
sity (pregnancy weight � 110% of
ideal body weight or body mass index
[BMI] � 30), age older than 25 years,
persistent glucosuria, and a history of
GDM in a previous pregnancy.5,6 No
known risk factors are identified in
50% of patients with GDM.5,6

Screening and Diagnosis
of GDM
There is debate regarding the pre-
ferred screening protocol for GDM.
Some experts recommend universal
screening because not all women who
develop GDM have risk factors. The
ADA policy states that screening may
be omitted in low-risk women. A
woman is considered low risk if all of
the following factors are present: age
younger than 25 years; BMI less than
25 before pregnancy; not of Hispanic,

Table 1
White Classification

A: Abnormal glucose tolerance test at any age or of any duration treated
only by diet therapy 

B: Onset at age 20 years or older and duration of less than 10 years

C: Onset at age 10 to 19 years or duration of 10 to 19 years

D: Onset before 10 years of age, duration over 20 years, benign retinopathy,
or hypertension (not preeclampsia)
— D1: Onset before age 10 years
— D2: Duration over 20 years
— D3: Calcification of vessels of the leg (macrovascular disease)
— D4: Benign retinopathy (microvascular disease)
— D4: Hypertension (not preeclampsia)

R: Proliferative retinopathy or vitreous hemorrhage

F: Renal nephropathy with over 500 mg/d proteinuria

RF: Criteria for both classes R and F

G: Many pregnancy failures

H: Evidence of arteriosclerotic heart disease

T: Prior renal transplant

Gestational diabetes
— A1: Controlled by diet and exercise
— A2: Requires insulin

Data from White P.3

Table 2
American Diabetes Association Classification

3 Forms of Glucose Intolerance

— Type I diabetes: Immunologic destruction of the pancreas

— Type II diabetes: Exhaustion or resistance of the pancreatic cells

— Gestational: A glucose intolerance that had not previously been present prior to
pregnancy

Data from the American Diabetes Association.4
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African American, American Indian,
South or East Asian, or Pacific Is-
lander descent; no first-degree rela-
tive with DM; no history of abnormal
glucose tolerance; and no history of
poor obstetric outcome. The American
College of Obstetricians and Gynecol-
ogists (ACOG) practice bulletin states
that universal screening is the most
sensitive and more practical ap-
proach, but it notes that low-risk
women may be excluded from screen-
ing per the ADA recommendation.2

The United States Preventive Services
Task Force on Preventive Health Care
concluded that there is not enough
evidence to support or deny universal
screening for GDM.7

Screening
When the universal screening ap-
proach is employed, patients with no
known risk factors should undergo a
1-hour glucose test (glucose challenge
test) at 24 to 28 weeks of gestation.
Patients with known risk factors that
indicate the possibility of glucose in-
tolerance may be tested at the onset
of prenatal care. If this initial screen
is normal, then the test is repeated at
the beginning of the third trimester
(24 weeks).

For the glucose challenge test, the
patient receives 50 g of glucose. One
hour later, blood is drawn for a
plasma glucose determination. A glu-
cose value above 130 to 140 mg/dL is
considered abnormal and necessitates
a second test, the 3-hour glucose tol-
erance test. Our center uses 140 mg/dL
as the cutoff point. Abnormal results
for the 1-hour screening test will
occur in 15% of patients. Of those pa-
tients who go on to have the 3-hour
screening test, 15% will be diagnosed
with GDM.

To perform glucose tolerance test-
ing (GTT), clinicians first draw a fast-
ing glucose sample and then adminis-
ter 100 g of glucose. Blood for glucose
values is drawn at 1 hour, 2 hours,

and 3 hours. Although some centers
perform a 75-g 2-hour GTT as both a
screening test and a diagnostic test,
most centers in the United States rely
on the 2-step method described
above.

Diagnosis
In the Carpenter/Coustan conversion
method, diagnosis of GDM is based
on the presence of 2 or more of the
following factors8,9:
• Fasting serum glucose concentration

exceeding 95 mg/dL
• 1-hour serum glucose concentration

exceeding 180 mg/dL
• 2-hour serum glucose concentration

exceeding 155 mg/dL
• 3-hour serum glucose concentration

exceeding 140 mg/dL

Alternatively, some centers employ
the National Diabetes Data Group
(NDDG) criteria, which are slightly
more liberal.10 The abnormal values
are as follows:
• Fasting serum glucose concentration

exceeding 105 mg/dL
• 1-hour serum glucose concentration

exceeding 190 mg/dL
• 2-hour serum glucose concentration

exceeding 165 mg/dL
• 3-hour serum glucose concentra-

tion exceeding 145 mg/dL
The Hyperglycemic and Adverse

Pregnancy Outcomes (HAPO) study
showed that increasing levels of
plasma glucose are associated with
birth weight above the 90th percentile,
cord blood serum C-peptide level
above the 90th percentile, and, to a
lesser degree, primary cesarean deliv-
eries and neonatal hypoglycemia.11

There were also associations between
increased maternal plasma glucose

levels and premature delivery, shoul-
der dystocia, preeclampsia, and hyper-
bilirubinemia. The results of the HAPO
and Australian Carbohydrate Intoler-
ance Study in Pregnant Women
(ACHOIS)12 studies indicate that ma-
ternal hyperglycemia that does not
meet diagnostic criteria for overt dia-
betes still has a correlation with peri-
natal disorders and problems. This as-
sociation suggests a need to
reevaluate the standards and criteria
for diagnosing and treating hyper-
glycemia in pregnancy. 

Management/Treatment of GDM
The cornerstone of management is
glycemic control.13 Blood glucose lev-
els should be monitored up to 4 times
a day: upon awakening (for a fasting

level), and 1-hour after the first bite
of each meal. The morning fasting
glucose level goal is 70 to 90 mg/dL.
The postprandial goal is ideally below
120 mg/dL; the upper limit of accept-
able is 135 to 140 mg/dL. These val-
ues are more stringent for pregnant
women than they are for nonpregnant
patients with diabetes.

Quality nutritional intake is essen-
tial.14 Caloric allotment is based on
ideal body weight. Recommendations
are 30 kcal/kg for women with a BMI
of 22 to 25, 24 kcal/kg for women
with a BMI of 26 to 29, and 12 to
15 kcal/kg for women with a BMI
above 30. The recommended overall
dietary ratio is 33% to 40% complex
carbohydrates, 35% to 40% fat, and
20% protein. This calorie distribution
will help 75% to 80% of GDM women
become normoglycemic.13

Patients with GDM who cannot
control their glucose levels with diet

. . . studies indicate that maternal hyperglycemia that does not meet
diagnostic criteria for overt diabetes still has a correlation with perinatal
disorders and problems.
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alone will require insulin.12 There is
no consensus as to when to initiate
insulin therapy, but more conserva-
tive guidelines are in place to help
minimize macrosomia and its associ-
ated risks to the infant.15,16 Two ap-
proaches are to initiate insulin when
the fasting blood glucose concentra-
tion is greater than 90 mg/dL on 2 or
more occasions during a 2-week pe-
riod, or when the 1-hour postprandial
blood glucose concentration is greater
than 120 mg/dL. The insulin types
most commonly used in GDM are
neutral protamine Hagedorn (NPH)
and regular insulin. NPH is an inter-
mediate-acting insulin. It is typically

used when the fasting glucose is high.
The onset of action is 2 to 4 hours, the
peak effect is at 6 to 12 hours, and the
duration of action is 10 to 16 hours.
Regular insulin has an onset of action
within 30 to 60 minutes, a peak effect
at 2 to 3 hours, and a duration of 3 to
6 hours. Among women with GDM,
15% will require insulin. Human in-
sulin is the least immunogenic.

In the United States, use of oral hy-
poglycemic agents is controversial
and not approved by the US Food and
Drug Administration. That said, many
practices have successfully used gly-
buride to manage GDM when diet
alone was insufficient, although a
significant number of these patients
go on to require insulin in order to
maintain optimal glycemic control.
Another oral hypoglycemic agent that
is being considered as a substitute to
insulin is metformin. Rowan and col-
leagues17 compared the use of met-
formin and insulin in women diag-
nosed with GDM. Of note, neonatal
complications did not vary between
the 2 subject groups. There was less
severe hypoglycemia in the infants of
mothers on metformin. Preterm birth

was more common in the metformin
group, but there was no increase in
other complications. Women who
used metformin were more likely to
say they would use metformin in a
subsequent pregnancy (76%) than
were women on insulin (27.2%).
Among the women on metformin,
46.3% had to be on supplemental in-
sulin as well. The overall conclusion
of this study was that metformin was
a safe option for GDM, and it was
more agreeable to the patient. There
have not been any trials comparing
glyburide and metformin. 

Exercise has been shown to im-
prove glycemic control. The mecha-

nism of this improvement is mostly
secondary to increasing tissue sensi-
tivity to insulin. It is not clear exactly
how much exercise is enough to help
control glucose levels. However, exer-
cising 3 or more times a week for at
least 15 to 30 minutes duration is the
typical recommendation. Exercising
both prior to and during pregnancy
has the greatest correlation with pro-
tection against developing GDM.18

Patients are usually scheduled for
follow-up visits every 1 to 2 weeks
throughout pregnancy, depending on
severity and any other complications
that arise. A 24-hour urine collection
analysis may be performed to estab-
lish a baseline level of proteinuria and
creatinine clearance due to the higher
likelihood that preeclampsia will de-
velop in the setting of GDM.19

There are no data from randomized
trials on which to base recommenda-
tions regarding initiation of fetal
monitoring in women whose preg-
nancies are complicated by GDM. For
pregestational diabetic pregnancies,
ACOG recommends antepartum mon-
itoring beginning at 32 to 34 weeks of
gestation. ACOG states that fetal

monitoring is warranted in patients
who do not have well-controlled
GDM, who require insulin, or who
have other complications of preg-
nancy.2 The most commonly used test
is the nonstress test. It is typically
performed once or twice per week.
(Twice per week is thought to be more
efficacious because it offers confi-
dence that the fetus is doing well for
a 72-hour period and provides a sen-
sitivity that is equivalent to a weekly
contraction stress test or a weekly
biophysical profile.) A reactive non-
stress test is required if the fetal heart
rate increases 15 beats or more per
minute for at least 15 seconds twice
within a 20-minute period. The fetal
biophysical profile should include as-
sessment of tone, amniotic fluid level,
gross and fine motor movement, heart
rate, and breathing. Fetal movement
counting can be used in conjunction
with the nonstress test and/or bio-
physical profile. The contraction
stress test is another option, although
it is used infrequently.

If blood glucose levels are close to
normal during pregnancy, and there
are no other complications, it is ideal
for the mother to deliver at term. It is
generally recommended that pregnan-
cies complicated by GDM do not go
beyond term. There is continuing de-
bate about whether induction of labor
or expectant labor is more efficacious,
and it is not clear which is better with
regard to the outcomes of cesarean
delivery incidence, birth injury, or
neonatal morbidity and mortality.

There are no contraindications for
epidural analgesia, spinal anesthesia,
or, if indicated, general anesthesia. In-
sulin is rarely needed during delivery.
Typically, a normal saline infusion is
all that is required for the patient to
remain normoglycemic. Blood glucose
should be monitored the day after
delivery to ascertain that the mother
is no longer hyperglycemic according
to the criteria for nonpregnant

Exercise has been shown to improve glycemic control.
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individuals. In general, no further in-
sulin is required postpartum for pa-
tients with GDM. Among women with
GDM, 95% will return to a completely
normal glucose status postpartum.

In the postpartum period, glucose
tolerance screening should be per-
formed at 2 to 4 months after delivery
to help detect the 3% to 5% of women
who remain diabetic and require fur-
ther treatment. For this screening, the
75-g 2-hour glucose challenge test
mentioned earlier is recommended.

Complications
Women with GDM experience twice
the number of urinary tract infections
than women who do not have GDM.
This increased infection incidence is
thought to be due to the increased
amount of glucose in the urine beyond
the normal glucosuria that is present in
pregnancy. There is also an increased
risk of pyelonephritis, asymptomatic
bacteriuria, and preeclampsia. There is
a 10% risk of polyhydramnios that
may increase the risk of abruption pla-
centae and preterm labor as well as of
postpartum uterine atony. Congenital
anomalies do not occur at an increased
rate in patients with GDM. There is re-
portedly an increased incidence of
stillbirth when glucose control is poor.
There is also a 10% per year risk of

developing type II diabetes after the
pregnancy in which GDM occurred,
with the greatest risk within the first 5
years following the index pregnancy.

Macrosomia, if it occurs, typically
becomes evident at 26 to 28 weeks
gestation. Complications associated
with macrosomia include fetopelvic
disproportion leading to operative
delivery, shoulder dystocia, and
neonatal hypoglycemia.20 There is an
increased incidence of hyperbiliru-
binemia, hypocalcemia, respiratory
distress syndrome, and polycythemia
in the neonate. Long-term complica-
tions can include obesity, diabetes dur-
ing childhood, impaired motor func-
tion, and higher rates of inattention
and hyperactivity.1,11

Summary
GDM is a problem that affects a sig-
nificant number of women during
pregnancy. GDM can have lasting
health impacts on both the mother
and the fetus. In order to circumscribe
and minimize potential complications
to both mother and child, screening,
diagnosis, and management of hyper-
glycemia are critical. There is still
work to be done to gain a better sense
of what screening protocols are most
efficacious and cost effective, and
when they should be administered.

Future studies will provide guidance
as to what the optimal management
choices are. Insulin in addition to oral
hypoglycemic therapy appears to
be the focus of research in the near
future. 
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Main Points
• In the United States, prevalence rates for gestational diabetes mellitus (GDM) are higher for African American, Hispanic, 

American Indian, and Asian women than for white women.

• Risk factors for GDM include a history of macrosomia, presence of polycystic ovarian syndrome, obesity, age older than 25, and
persistent glucosuria.

• There is debate regarding the preferred screening protocol for GDM. Some experts recommend universal screening, whereas others
exempt women who are at low risk.

• Data show that increasing levels of plasma glucose are associated with birth weight above the 90th percentile, cord blood serum
C-peptide level above the 90th percentile, and, to a lesser degree, primary cesarean deliveries and neonatal hypoglycemia.

• The cornerstone of management is glycemic control. Quality nutritional intake is essential. Patients with GDM who cannot control
their glucose levels with diet alone will require insulin.

• It is generally recommended that pregnancies complicated by GDM do not go beyond term.
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