
much of medical practice is not based on
results of RCTs.

Definition and Complications
Gestational diabetes mellitus is defined

as glucose intolerance that begins, or is
first recognized, during pregnancy.4 A
wide range of complications is associated
with the disorder. For the mother, gesta-
tional diabetes increases the risk of pre-
eclampsia, cesarean delivery, and future
type 2 diabetes. In the fetus or neonate,
the disorder is associated with higher rates
of perinatal mortality, macrosomia, birth
trauma, hyperbilirubinemia, and neo-
natal hypoglycemia.5-8 Some studies9-11

have found an association between gesta-
tional diabetes and increased perinatal
mortality rates, but other studies12,13 have
shown no increased risk.

Diagnosis of Gestational Diabetes
Initial screening for gestational dia-

betes is accomplished by performing a

S
creening for gestational dia-
betes mellitus is widely prac-
ticed despite lack of evidence
that it prevents adverse perina-
tal outcomes. Although the dis-

order affects approximately 2.5 percent of
pregnant women1 and has been the sub-
ject of extensive research, its diagnosis and
management continue to be debated.

As the practice of medicine moves
toward an evidence-based paradigm, the
debate about gestational diabetes focuses
on the absence of prospective random-
ized controlled trials (RCTs) that assess
the value of screening for and treating
this disorder. Several major guidelines2,3

do not recommend routine screening for
gestational diabetes until more complete
data become available. Proponents of
screening argue that although available
data are imperfect, there are biologically
plausible explanations to account for
adverse perinatal outcomes associated
with gestational diabetes. In addition,

Gestational diabetes mellitus is a common but controversial disorder. While no large ran-
domized controlled trials show that screening for and treating gestational diabetes affect
perinatal outcomes, multiple studies have documented an increase in adverse pregnancy
outcomes in patients with the disorder. Data on perinatal mortality, however, are inconsis-
tent. In some prospective studies, treatment of gestational diabetes has resulted in a
decrease in shoulder dystocia (a frequently discussed perinatal outcome), but cesarean
delivery has not been shown to reduce perinatal morbidity. Patients diagnosed with ges-
tational diabetes should monitor their blood glucose levels, exercise, and undergo nutrition
counseling for the purpose of maintaining normoglycemia. The commonly accepted treat-
ment goal is to maintain a fasting capillary blood glucose level of less than 95 to 105 mg
per dL (5.3 to 5.8 mmol per L); the ambiguity (i.e., the range) is due to imperfect data. The
postprandial treatment goal should be a capillary blood glucose level of less than 140 mg
per dL (7.8 mmol per L) at one hour and less than 120 mg per dL (6.7 mmol per L) at two
hours. Patients not meeting these goals with dietary changes alone should begin insulin
therapy. In patients with well-controlled diabetes, there is no need to pursue delivery
before 40 weeks of gestation. In patients who require insulin or have other comorbid con-
ditions, it is appropriate to begin antenatal screening with nonstress tests and an amniotic
fluid index at 32 weeks of gestation. (Am Fam Physician 2003;68:1767-72,1775-6. Copy-
right© 2003 American Academy of Family Physicians.)
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50-g, one-hour glucose challenge test at 24 to 28 weeks of
gestation. Patients do not have to fast for this test. To be
considered normal, serum or plasma glucose values should
be less than 130 mg per dL (7.2 mmol per L) or less than
140 mg per dL (7.8 mmol per L). Using a value of 130 mg
per dL or higher will increase the sensitivity of the test from
80 to 90 percent and decrease its specificity, compared with
using a value of 140 mg per dL or higher.14 Thus, the lower
screening level of 130 mg per dL identifies more patients
with gestational diabetes at the cost of more false-positive
results. Current recommendations from the American Dia-
betes Association (ADA)4 and the American College of
Obstetricians and Gynecologists (ACOG)15 accept either
value for defining an abnormal initial screening result.
[Reference 4—Evidence level C, consensus/expert opinion;
Reference 15—Evidence level C, consensus/expert opinion]

An abnormal one-hour screening test should be fol-
lowed by a 100-g, three-hour venous serum or plasma glu-
cose tolerance test. After the patient has been on an unre-
stricted diet for three days, venous blood samples are

obtained following an overnight fast, and then one, two,
and three hours after an oral 100-g glucose load. During
the test period, patients should remain seated and should
not smoke. Two or more abnormal values are diagnostic
for gestational diabetes.

The diagnostic criteria from the National Diabetes Data
Group (NDDG) have been used most often, but some cen-
ters rely on the Carpenter and Coustan criteria, which set
the cutoff for normal at lower values (Table 1).16,17 Com-
pared with the NDDG criteria, the Carpenter and Coustan
criteria lead to a diagnosis of gestational diabetes in 54 per-
cent more pregnant women, with an increased cost and no
compelling evidence of improved perinatal outcomes.18

While the ADA supports use of the stricter criteria, the most
recent ACOG practice bulletin supports the use of either
criteria set.15 Whole blood glucose values are approximately
10 to 15 percent lower than serum or plasma values.

Management of Gestational Diabetes
BLOOD GLUCOSE MONITORING

In patients requiring insulin therapy, the ideal frequency
of glucose monitoring has not been established. A com-
mon practice is to check the glucose level four times daily.
A first morning glucose level can rule out fasting hyper-
glycemia, and additional one- or two-hour postprandial
values can ensure adequate control.

Postprandial testing is preferable to preprandial testing.
In one randomized study comparing postprandial and
preprandial blood glucose monitoring in patients with ges-
tational diabetes who required insulin therapy, those who
measured their glucose levels after meals had larger drops
in A1c (−3.0 versus −0.6 percent, P <.001), gave birth to
infants with lower birth weights (3,469 g [7 lb, 10 oz] ver-
sus 3,848 g [8 lb, 7 oz], P = .01), and had fewer cesarean
deliveries (12 versus 42 percent, P = .04).19 [Evidence level B,
lower quality RCT]

There is neither objective evidence nor a clinical guide-
line to support a frequency for glucose monitoring in
patients with diet-controlled gestational diabetes. In these
patients, an acceptable practice is to use the four-times-a-
day schedule on two days per week and begin more inten-
sive treatment if two values per week exceed the limits.

DIET

A recent Cochrane review20 found no difference in the
prevalence of birth weights greater than 4,000 g (8 lb,
13 oz) or cesarean deliveries in women with gestational dia-
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TABLE 1

Criteria for Abnormal Result on 100-g, Three-Hour 
Oral Glucose Tolerance Tests in Pregnant Women*

National Diabetes 
Blood sample Data Group16 Carpenter and Coustan17

Fasting 105 mg per dL 95 mg per dL 
(5.8 mmol per L) (5.3 mmol per L)

1-hour 190 mg per dL 180 mg per dL 
(10.5 mmol per L) (10.0 mmol per L)

2-hour 165 mg per dL 155 mg per dL 
(9.2 mmol per L) (8.6 mmol per L)

3-hour 145 mg per dL 140 mg per dL 
(8.0 mmol per L) (7.8 mmol per L)

*—Gestational diabetes mellitus is diagnosed if two or more of the
values (venous serum or plasma glucose levels) are met or exceeded.

Information from references 16 and 17.

Patients do not have to fast before a 50-g, 
one-hour glucose challenge test.



betes who were randomly assigned to receive primary
dietary therapy or no specific treatment. The review con-
cluded that insufficient evidence exists to recommend
dietary therapy in patients with altered glucose metabolism.

The ideal diet for women with gestational diabetes
remains to be defined, and current recommendations are
based on expert opinion.14 The ADA recommends nutri-
tion counseling (with a registered dietitian, if possible) and
a diet that adequately meets the needs of pregnancy but
restricts carbohydrates to 35 to 40 percent of daily calories.
Caloric restriction should be approached with caution,
because two studies have reported a relationship between
elevated maternal serum ketone levels and reduced psy-
chomotor development and IQ at three to nine years of age
in the offspring of mothers with gestational diabetes.21,22

For patients with a body mass index greater than 30 kg
per m2, the ADA suggests lowering daily caloric intake by
30 to 33 percent (to approximately 25 kcal per kg of actual
weight per day), which avoids ketonemia. Regular exercise
has been shown to improve glycemic control in women
with gestational diabetes, but it has not been shown to
affect perinatal outcomes.23 (For additional dietary recom-
mendations, see the accompanying patient information
handout.)

INSULIN

Most,24-26 but not all,27,28 prospective trials involving
insulin therapy in women with gestational diabetes have
shown a reduction in the incidence of neonatal macroso-
mia. Therefore, insulin therapy traditionally has been
started when capillary blood glucose levels exceed 105 mg
per dL (5.8 mmol per L) in the fasting state and 120 mg per
dL (6.7 mmol per L) two hours after meals. These cutoff
values are derived from guidelines for managing insulin in
pregnant women who have type 1 diabetes. A more aggres-
sive goal of a fasting capillary blood glucose level below 
95 mg per dL (5.3 mmol per L) is supported by a prospec-
tive study of 471 women with gestational diabetes that
showed a decrease in large-for-gestational-age neonates,
from 28.6 to 10.3 percent (relative risk, 5.99; 95 percent
confidence interval, 1.37 to 8.88), in the women with fast-
ing blood glucose levels of 95 to 105 mg per dL who were
treated, respectively, with diet or insulin; the study
reported no data on additional birth outcomes.29 [Evi-
dence level B, nonrandomized observational study] This
more conservative goal is recommended in the most recent
ACOG practice bulletin on gestational diabetes.15 Because

of variable and imperfect data on this point, it is acceptable
to use either cutoff value for fasting glucose testing.

One prospective nonrandomized study of 445 patients
has shown a reduction in operative deliveries and birth
trauma in women with gestational diabetes who are
treated with insulin.30 However, the findings of this study
remain to be demonstrated in an adequately powered RCT.

There are no specific studies declaring one type of
insulin or a certain regimen as superior in affecting any
perinatal outcome. A common initial dosage is 0.7 units
per kg per day, with one dose consisting of two thirds of the
total amount given in the morning and one dose consist-
ing of one third of the total amount given in the evening.
One third of each dose is given as regular insulin, and the
remaining two thirds as NPH insulin. A recent study of
42 women with gestational diabetes supports the safety of
very-short-acting insulin lispro, which can be used with
once-daily extended insulin ultralente.31 The simplest reg-
imen that will control blood glucose levels is the best.

Physicians should expect to increase the insulin dosage
as the pregnancy progresses and insulin resistance in-
creases. No published guidelines are available to help fam-
ily physicians treat patients with gestational diabetes who
require insulin. When necessary, collaborative care with an
obstetrician or perinatologist is advisable.

ORAL HYPOGLYCEMIC MEDICATIONS

Use of oral hypoglycemic agents to treat gestational dia-
betes has not been recommended because of concerns
about potential teratogenicity and transport of glucose
across the placenta (causing prolonged neonatal hypo-
glycemia).32 Although first-generation hypoglycemic
agents (chlorpropamide [Diabinese], tolbutamide [Ori-
nase]) have been shown to cross the placenta, recent in
vitro and in vivo evidence has determined that glyburide
(Micronase) does not enter the fetal circulation.33,34

A recent RCT comparing the use of glyburide and
insulin in women with gestational diabetes demonstrated
that glyburide therapy resulted in comparable maternal
outcomes (e.g., glycemic control, cesarean deliveries) and
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Gestational diabetes is diagnosed when a patient
has two or more abnormal values on a fasting
100-g, three-hour glucose tolerance test.



neonatal outcomes (e.g., macrosomia, hypoglycemia,
intensive care unit admissions). Glyburide therapy was not
started before 11 weeks of gestation and was not detected
in any of the neonatal cord blood samples. Preliminary evi-
dence from this trial suggests that glyburide may be a safe,
effective alternative to insulin in the management of gesta-
tional diabetes.

The ACOG15 and the ADA20 agree that glyburide
should not be prescribed for the treatment of gestational
diabetes until additional RCTs support its safety and
effectiveness. Despite these recommendations, many
physicians are using glyburide in this setting because of
its ease of use compared with insulin. In a recent prospec-
tive cohort study of patients with polycystic ovary syn-
drome,33 metformin therapy has been shown to decrease
the subsequent incidence of gestational diabetes, reduce
first-trimester miscarriage rates, and result in no appar-
ent increase in congenital anomalies.35 RCTs are needed
to demonstrate the safety and effectiveness of metformin

(Glucophage) in pregnancy before use of this medication
is warranted for the treatment of gestational diabetes.

ANTEPARTUM FETAL ASSESSMENT

Data on gestational diabetes and an increased risk of
fetal demise are conflicting. The 2001 ACOG practice bul-
letin15 concludes that evidence is insufficient to determine
the optimal antepartum testing regimen in women with
gestational diabetes who have relatively normal glucose
levels on diet therapy and no other perinatal risk factors.
Acceptable practice patterns for monitoring pregnancies
complicated by gestational diabetes range from testing all
women beginning at 32 weeks of gestation to no testing
until 40 weeks of gestation.

The ACOG15 recommends antenatal testing for patients
whose blood glucose levels are not well controlled, who
require insulin therapy, or who have concomitant hyper-
tension. The antenatal testing can be initiated at 32 weeks
of gestation. In this situation, no method of antenatal test-
ing has proved superior to others. Community preference
may dictate use of the nonstress test, the modified bio-
physical profile (i.e., nonstress test and amniotic fluid
index), or a full biophysical profile.

TIMING AND ROUTE OF DELIVERY

In gestational diabetes, shoulder dystocia is the complica-
tion most anticipated at the time of delivery. In one study,36

this complication occurred in 31 percent of neonates
weighing more than 4,000 g who were delivered vaginally to
unclassified mothers with diabetes. No prospective data
support the use of cesarean delivery to avoid birth trauma
in women who have gestational diabetes. One remaining
limiting factor is the 13 percent error rate (± 2 SD) in esti-
mating fetal weight by ultrasonography.37

A decision analysis38 that evaluated the cost and efficacy
of a policy of elective cesarean delivery for an estimated
fetal weight of 4,500 g (9 lb, 15 oz) in mothers with dia-
betes found that 443 cesarean deliveries would need to be
performed to prevent one case of brachial plexus injury, at
a cost of $930,000. A reasonable approach is to offer elec-
tive cesarean delivery to the patient with gestational dia-
betes and an estimated fetal weight of 4,500 g or more,
based on the patient’s history and pelvimetry, and the
patient and physician’s discussion about the risks and ben-
efits. There are no indications to pursue delivery before 
40 weeks of gestation in patients with good glycemic con-
trol unless other maternal or fetal indications are present.
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Women with gestational diabetes should be
screened for diabetes six weeks postpartum and
annually thereafter.
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INTRAPARTUM MANAGEMENT

The goal of intrapartum management is to maintain
normoglycemia in an effort to prevent neonatal hypo-
glycemia. Patients with diet-controlled diabetes will not
require intrapartum insulin and simply may need to have
their glucose level checked on admission for labor and
delivery. While patients with insulin-requiring diabetes are
in active labor, capillary blood glucose levels should be
monitored hourly. Target values are 80 to 110 mg per dL
(4.4 to 6.1 mmol per L).39

POSTPARTUM MANAGEMENT

Women with gestational diabetes rarely require insulin in
the postpartum period.As insulin resistance quickly resolves,
so does the need for insulin. Patients with diet-controlled
diabetes do not need to have their glucose levels checked after
delivery. In patients who required insulin therapy during
pregnancy, it is reasonable to check fasting and two-hour
postprandial glucose levels before hospital discharge.

Because women with gestational diabetes are at high risk
for developing type 2 diabetes in the future, they should be
tested for diabetes six weeks after delivery via fasting blood
glucose measurements on two occasions or a two-hour oral
75-g glucose tolerance test. Normal values for a two-hour
glucose tolerance test are less than 140 mg per dL. Values
between 140 and 200 mg per dL (11.1 mmol per L) repre-
sent impaired glucose tolerance, and greater than 200 mg
per dL are diagnostic of diabetes. Screening for diabetes
should be repeated annually thereafter, especially in
patients who had elevated fasting blood glucose levels dur-
ing pregnancy.40

Breastfeeding improves glycemic control and should be
encouraged in women who had gestational diabetes.41

Contraception should be discussed, because women
who have diabetes during one pregnancy are likely to have
the same condition in a subsequent pregnancy. There are
no limits on the use of hormonal contraception in
patients with a history of gestational diabetes. As previ-
ously noted, these women also are at increased risk of
developing type 2 diabetes in the future.

Patients should be counseled about diet and exercise. By
losing weight and exercising, women can significantly
decrease their risk of developing diabetes.
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