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One of the most common and serious types of 
morbidity affecting infants born to women who have 
GDM is large size for gestational age, which imparts 
a significantly elevated risk of injury at the time of 
vaginal birth and increases the risk of trauma to the 
mother during cesarean delivery.
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Gestational diabetes mellitus (GDM) 
was once thought to be a mild condi-
tion that had few lasting consequenc-

es. Now, we know that it carries significant 
short- and long-term implications for women 
and their offspring. A growing body of evi-
dence suggests that early detection and ag-
gressive monitoring and management of GDM 
can greatly improve outcomes for pregnant 
women and their babies. This article outlines 
the parameters of this approach.

GDM increases maternal  
risks even after pregnancy
Even mild degrees of hyperglycemia during 
pregnancy can harm mother and baby. Hy-
perglycemia is associated with an elevated 
risk of hypertensive disorders during preg-
nancy, as well as preterm labor, cesarean 
delivery, and later metabolic disorders—but 
there is no obvious threshold of hyperglyce-
mia at which these risks increase.1  

GDM is a strong predictor that a woman 

will later develop type 2 diabetes.2 One study 
found that GDM increases that risk as much 
as sevenfold over a woman’s lifetime.3 GDM 
is also associated with an elevated risk of car-
diovascular disease, particularly if the wom-
an has a family history of type 2 diabetes.4 

Obesity appears to worsen the conse-
quences of GDM for women.5 A recent lit-
erature review found that the risk of GDM is 
positively associated with the prepregnancy 
body mass index (BMI).6 

GDM is not benign  
in the fetus, either
Evidence is increasing that GDM raises the 
risk of adverse clinical consequences in the 
fetus. The two most frequent and serious 
types of morbidity affecting infants born to 
mothers who have GDM are:

•	 large size for gestational age 
•	 respiratory distress syndrome.7 

Infants who are large for gestational age 
(LGA) face a significantly elevated risk of 
injury at the time of vaginal birth, such as 
shoulder dystocia and newborn asphyxia.8 
Cesarean delivery is the preferred route for 
the LGA infant, but it often increases the risk 
of trauma to the mother, compared with the 
vaginal route.8

Respiratory distress syndrome, common 
among premature infants, also affects many 
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infants born to women who have GDM—
even near-term infants—because hypergly-
cemia appears to delay fetal lung maturity.9 

Recent studies indicate that exposure 
to maternal hyperglycemia also increases a 
child’s risk of long-term complications. Chil-
dren born to mothers who have GDM have 
nearly twice the risk of childhood obesity 
and metabolic syndrome, compared with 
children born to mothers who do not have 
GDM.10 In addition, several studies have 
found that children born to obese mothers 
who have GDM are more likely to develop 
type 2 diabetes than are children of non-
obese mothers without GDM.3,11 

Occasionally, infants of women who have 
GDM are born with hypoglycemia; this condi-
tion arises from an insulin surge in response 
to maternal hyperglycemia. In an infant, hy-
poglycemia can lead to seizures and death, 
and maternal hypoglycemia can cause neuro-
psychological deficits in the infant.12 

Other health problems related to GDM 
include jaundice and developmental delays 
in walking and other motor skills.13

Diagnosis has been simplified
The two-step, 100-g, 3-hour oral glucose 
tolerance test (OGTT) has been the gold 
standard for diagnosis of GDM in the Unit-
ed States for many years. However, this 
approach is expensive—rendering it imprac-
tical in some settings. Moreover, reproduc-
ibility is only approximately 78%.14

The World Health Organization recently 
reviewed evidence underlying various diag-
nostic techniques and recommended a one-
step, 2-hour, 75-g OGTT for GDM.14 Another 
recent review of the literature on the various 
screening protocols underscores the validity 
of this approach.15

The Hyperglycemia and Adverse Preg-
nancy Outcome (HAPO) study of more than 
23,000 nondiabetic women incorporated the 
2-hour, 75-g OGTT.16 Investigators found that 
elevated glucose levels on this test are highly 
predictive of birth weight above the 90th per-
centile and a cord-blood serum C-peptide 
level above the 90th percentile. However, 

the test has weaker predictive value for pri-
mary cesarean delivery and clinical neonatal 
hypoglycemia. 

Based on the work of HAPO, the Ameri-
can Diabetes Association (ADA) revised its 
guidelines for diabetes assessment and now 
recommends that physicians perform a 75-g 
OGTT at 24 to 28 weeks’ gestation, with plas-
ma glucose measurement in the fasting state 
and at 1 and 2 hours. A single abnormal level 
merits a diagnosis of GDM in women not 
previously diagnosed with overt diabetes.17

Any diagnosis of GDM warrants 
aggressive treatment
Perhaps the single greatest controversy in 
the field of diabetes centers on the level of 
hyperglycemia at which aggressive treat-
ment of GDM should begin. Traditionally, 
aggressive therapy (i.e., insulin) was not ini-
tiated until the fasting plasma glucose level 
reached 95 mg/dL or higher or the 1-hour 
glucose level reached 130 mg/dL or higher 
(aLGORITHM, page 42). However, recent stud-
ies suggest that aggressive treatment should 
be administered for any diagnosis of GDM.

For example, the HAPO study was de-
signed to determine the level of glucose intol-
erance during pregnancy, short of diabetes, 
associated with adverse outcomes.16 It found 
that even mild hyperglycemia is associated 
with adverse fetal outcomes and that diagnos-
tic criteria for GDM cannot easily be based on 
any particular level of hyperglycemia.

Several other studies have demonstrat-
ed that aggressive treatment of mild GDM 
can ameliorate many of its negative effects. 
In 2005, for instance, Bonomo and cowork-
ers explored the effect on newborns of treat-
ing a very mild level of gestational glucose 
intolerance among 300 women.18 The ran-
domized trial involved three groups:

•	 �Group A – standard management, which 
entailed no special care, diet, or pharma-
cotherapy 

•	 �Group B – dietary treatment and regular 
monitoring 

•	 �Group C – randomly selected pregnant 
women who were matched by BMI and 
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age and who had normal screening test 
results.
The women in Group B experienced sig-

nificant improvements in fasting and 2-hour 
postprandial glucose levels. In addition, the 
fasting glucose level at delivery was signifi-
cantly lower in Group B, compared with the 
other two groups. More important, fewer 
LGA infants were born to the women in 
Group B (6.0%) than in Group A (14.0%) and 
Group C (9.1%).

Landon and colleagues obtained simi-
lar findings when they randomized almost 
1,000 pregnant women who had mild GDM 
to 1) usual prenatal care or 2) dietary inter-
vention, self-monitoring of blood glucose, 
and, if necessary, insulin therapy.19

Insulin analogs have joined the 
treatment options
Standard treatment for GDM involves diet 
and nutritional therapy and, when needed, 
insulin. A diet that limits carbohydrate in-
take can significantly reduce glycemia after 
meals in women who have GDM.20

For years, human insulin was the only 
option for treating diabetes that cannot be 
controlled by diet and lifestyle modifications 
alone. Recently, however, several insulin an-
alogs have come on the market. Only two of 
them have been well studied in pregnancy: 

•	 �28B-L-lysine-29B-L-proline insulin (lispro)  
•	 28B-aspartic acid insulin (aspart). 

These two analogs have been tested primar-
ily in the setting of type 1 diabetes, but both 
improve postprandial glucose excursions, 
compared with human regular insulin, and 
both may be associated with a lower risk of 
delayed postprandial hypoglycemia.21,22 

Some oral agents appear to be safe
Several oral antihyperglycemic agents are 
available for the management of diabetes 
(table, page 44). However, in the past, oral 
agents were not used in pregnant women out 
of concern over reports of fetal anomalies 
and other adverse outcomes in animal stud-
ies and some human cases. More recent evi-
dence suggests that glyburide and metformin 

are safe and effective for use in GDM.23–25

Langer and coworkers compared gly-
buride with insulin in the management of 
GDM and found the agents to be equally 

Integrating evidence and experience

Exploring the value of continuous glucose  
monitoring in gestational diabetes

Tanenberg R, Bode B, Lane W, et al. Use of the Continuous Glucose 
Monitoring System to guide therapy in patients with insulin-
treated diabetes: a randomized controlled trial. Mayo Clin Proc. 
2004;79(12):1521–1526.

Hypoglycemia is the most common adverse event among patients un-
dergoing intensive insulin therapy. As a result, many insulin users keep 
their hemoglobin A1c level above recommended thresholds to protect 
against hypoglycemia. 

The American Diabetes Association recommends that patients 
on insulin self-monitor blood glucose three or four times daily to guide 
adjustments in therapy and ensure a stable and optimal hemoglobin 
A1c level. “However, adherence to frequent blood-glucose monitoring 
is low, and less than 54% of patients with insulin-treated diabetes are 
reported to self-monitor their blood glucose at least three times each 
day,” say Tanenberg and coworkers.

To determine whether use of a continuous glucose-monitoring 
system improves metabolic control, the investigators randomized 109 
patients who had insulin-treated diabetes to continuous monitoring or 
frequent self-monitoring. At enrollment, all patients had insulin-treated 
diabetes and inadequate metabolic control. At the end of the study, 
both groups used continuous monitoring for 3 days; these values were 
used to calculate measures of hypoglycemia.

In the study, the women in the self-monitoring group were coun-
seled to measure capillary blood glucose a minimum of four times 
daily, as well as when they experienced symptoms of hypoglycemia, 
which was defined as a blood glucose measurement of 60 mg/dL or 
lower. Any hypoglycemic event was considered to be over when the 
measurement exceeded 60 mg/dL for at least 30 minutes.  

Findings

Hemoglobin A1c levels were similar between groups at baseline, and 
both groups showed significant (P < .001) and similar (P = .95) improve-
ment in these levels after 12 weeks of study. However, the continuous-
monitoring group had a significantly shorter duration of hypoglycemic 
events than the self-monitoring group at week 12 (49.4 ± 40.8 minutes 
vs 81.0 ± 61.1 minutes per event, respectively; P = .009). 

Tanenberg and coworkers hypothesize that the improvement in he-
moglobin A1c in the self-monitoring group was a result of monitoring that 
was more frequent (7 times a day) than is typical. They concluded that 
use of continuous monitoring to guide therapy adjustments in patients 
who use insulin significantly reduces the duration of hypoglycemia, 
compared with adjustments guided by self-monitoring values alone. 
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effective, with comparable levels of risk of 
large size for gestational age, macrosomia, 
hypoglycemia (in infants), NICU admission, 
and fetal anomaly.23 Subsequent studies have 
confirmed these findings, although at least 
one suggests that women who have a high 
fasting plasma glucose level may not respond 
adequately to glyburide.26 None of these stud-
ies has been large enough or long enough to 
truly assess whether these oral medications 
are equivalent to insulin in the management 
of GDM without posing significant long-term 
complications for mothers or babies, or both. 

For more on the use of oral agents in 
GDM, see Dr. Aaron B. Caughey’s commen-
tary on the subject on page 14 of this issue. 

Continuous monitoring may 
detect occult hyperglycemia 
and hypoglycemia 
The traditional method of monitoring the 
blood glucose level is to stick a finger to 
obtain a blood sample and use a test strip 
and a meter to measure the concentra-
tion of glucose in the sample. Most meters 
on the market are reasonably accurate. 
However, research has demonstrated that 
they are least accurate during episodes of  
hypoglycemia.27 

Automated continuous glucose-mon-
itoring systems are less intrusive than the 
traditional method, but they are usually 
reserved for people who have type 1 diabetes 

Typical management plan for gestational diabetes

• �Nonstress test starting at 40 weeks’ 
gestation

• Induction of labor at 40 weeks

• �Nonstress test starting at 32 weeks’ 
gestation

• �Fetal biometry via ultrasonography at 
36 weeks

• �Induction of labor at 40 weeks—earlier 
if fetal well-being is in doubt

Gestational diabetes mellitus

Dietary adjustment

Glycemic profile

Fasting plasma glucose <95 mg/dL

or

1-hour postprandial glucose <130 mg/dL

Third-trimester measurement of fetal  
abdominal circumference  

by ultrasonography 

<90th percentile

Fasting plasma glucose ≥95 mg/dL

or

1-hour postprandial glucose ≥130 mg/dL

Insulin therapy

≥90th percentile
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requiring intensive insulin therapy. However, 
because data suggest that even short peri-
ods of hyperglycemia or hypoglycemia can 
be detrimental to a developing fetus, there 
is increasing interest in utilizing continuous 
glucose monitoring for GDM. 

Several research groups have compared 
continuous glucose monitoring with finger-
stick monitoring and found that women 
randomized to continuous monitoring have 
lower mean hemoglobin A

1c
 levels from 32 to 

36 weeks’ gestation.28,29 (See “Exploring the 
value of continuous glucose monitoring in 
gestational diabetes?” on page 41.) Women 
undergoing continuous monitoring also have: 

•	 �lower mean birth-weight standard-
deviation scores

•	 �lower median customized birth-weight 
centiles

•	 a reduced risk of macrosomia.

One study found that information 
gleaned from continuous glucose monitor-
ing provided additional information that 
altered clinical management in 42 of 68 
(62%) cases. These additional data includ-
ed evidence of undetected and potentially 
dangerous postprandial hyperglycemia and 
overnight hypoglycemia.29 

Yogev and colleagues found that con-
tinuous glucose monitoring is significantly 
more sensitive than traditional methods 
in detecting periods of hypoglycemia in 
women who have GDM. They also found 
that asymptomatic hypoglycemic events are 
common during pharmacotherapy in ges-
tations affected by GDM.30 The same group 
used continuous glucose monitoring at night 
in obese, nondiabetic women to identify pre-
viously undetected:

•	 high postprandial glucose peak values

Oral antihyperglycemic agents and their potential side effects

Class Agents Effects

Insulin secretagogue Sulfonylureas and meglitinides such 
as glyburide, glipizide, glimepiride, 
repaglinide, nateglinide

Hypoglycemia if caloric intake is reduced

Some are long-acting (increasing risk of prolonged  
hypoglycemia)

Biguanide Metformin Risk of lactic acidosis when used in the setting of renal 
dysfunction, circulatory compromise, or hypoxemia

Relatively slow onset of action

GI complications: nausea, diarrhea

Thiazoladinedione Rosiglitazone, pioglitazone Long delay to onset of action (2–3 weeks)

Associated with fluid retention (particularly when used 
with insulin) and increased risk of congestive heart failure

Use contraindicated in presence of liver disease or  
elevated transaminases

Alpha-glucosidase inhibitor Acarbose, miglitol Prandial/meal agent (no effect in the fasting patient)

Abdominal bloating and flatus

Pure dextrose is required to treat hypoglycemia that  
occurs in the setting of these agents

Glucagon-like peptide–1 
mimetic

Exenatide Newer agents with limited inpatient experience

Abdominal bloating and nausea secondary to delayed 
gastric emptying

Dipeptidyl peptidase IV 
inhibitor

Sitagliptin Newer agent with limited inpatient experience

Gestational diabetes
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Inadequate  
reimbursement for 
the time it takes a 
clinician to change  
a patient’s treatment 
regimen and her 
subsequent  
management is a 
significant barrier  
to adoption of 
continuous glucose 
monitoring systems

•	 �increased 1- and 2-hour postprandial 
glucose levels

•	 increased time to the glucose peak
•	 �significantly lower mean blood glucose 

levels.31

Insurers were reluctant to cover 
continuous glucose monitoring devices 
when they first became available. Since then, 
however, much progress has been made. 
Nevertheless, inadequate reimbursement 
for the time it takes a clinician to change 
a patient’s treatment regimen and her 
subsequent management remains a 
significant barrier to adoption of these 
systems.32 The key to success with continuous 
glucose monitoring is to train the patient to 
use it properly. 
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