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ABSTRACT

BACKGROUND
It is uncertain whether treatment of mild gestational diabetes mellitus improves preg-
nancy outcomes.

METHODS
Women who were in the 24th to 31st week of gestation and who met the criteria for
mild gestational diabetes mellitus (i.e., an abnormal result on an oral glucose-tol-
erance test but a fasting glucose level below 95 mg per deciliter [5.3 mmol per liter])
were randomly assigned to usual prenatal care (control group) or dietary interven-
tion, self-monitoring of blood glucose, and insulin therapy, if necessary (treatment
group). The primary outcome was a composite of stillbirth or perinatal death and
neonatal complications, including hyperbilirubinemia, hypoglycemia, hyperinsuline-
mia, and birth trauma.

RESULTS
A total of 958 women were randomly assigned to a study group — 485 to the treat-
ment group and 473 to the control group. We observed no significant difference
between groups in the frequency of the composite outcome (32.4% and 37.0% in the
treatment and control groups, respectively; P=0.14). There were no perinatal deaths.
However, there were significant reductions with treatment as compared with usual
care in several prespecified secondary outcomes, including mean birth weight (3302
vs. 3408 g), neonatal fat mass (427 vs. 464 g), the frequency of large-for-gestational-
age infants (7.1% vs. 14.5%), birth weight greater than 4000 g (5.9% vs. 14.3%),
shoulder dystocia (1.5% vs. 4.09%), and cesarean delivery (26.9% vs. 33.8%). Treatment
of gestational diabetes mellitus, as compared with usual care, was also associated
with reduced rates of preeclampsia and gestational hypertension (combined rates
for the two conditions, 8.6% vs. 13.6%; P=0.01).

CONCLUSIONS
Although treatment of mild gestational diabetes mellitus did not significantly re-
duce the frequency of a composite outcome that included stillbirth or perinatal death
and several neonatal complications, it did reduce the risks of fetal overgrowth, shoul-
der dystocia, cesarean delivery, and hypertensive disorders. (ClinicalTrials.gov num-
ber, NCT00069576.)
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ESTATIONAL DIABETES MELLITUS IS DE-

fined as glucose intolerance that first oc-

curs or is first identified during preg-
nancy.! The frequency of this condition is rising
in the United States and occurs in 1 to 14% of all
pregnancies, depending on varying characteris-
tics of the population.2 More than 40 years ago,
O’Sullivan and Mahan developed glucose-tolerance-
test criteria for the diagnosis of gestational dia-
betes mellitus.? The diagnostic thresholds that they
developed were based on the subsequent develop-
ment of adult-onset diabetes and were not predi-
cated on any association between carbohydrate
intolerance discovered during gestation and ad-
verse pregnancy outcomes.

Although gestational diabetes mellitus is a rec-
ognized marker for an increased risk of subse-
quent diabetes, its clinical significance with re-
spect to various adverse pregnancy outcomes has
been uncertain.2* Women with gestational diabe-
tes who have very elevated fasting blood glucose
levels appear to be at an increased risk for fetal
macrosomia and perinatal complications if treat-
ment is not provided,® but the association of
milder forms of gestational diabetes with such
outcomes has been unclear. The recent Hypergly-
cemia and Adverse Pregnancy Outcome (HAPO)
study, however, described a strong continuous as-
sociation between maternal glucose concentra-
tions and increasing birth weight, cord-blood
serum C-peptide levels, and other markers of peri-
natal complications, even at glucose concentra-
tions below those that are usually diagnostic of
gestational diabetes mellitus.®

Several professional organizations have recom-
mended screening for gestational diabetes mel-
litus for most pregnant women despite little evi-
dence that the identification and treatment of mild
carbohydrate intolerance during pregnancy con-
fer a benefit."7 The Australian Carbohydrate In-
tolerance Study in Pregnant Women (ACHOIS),
a large, randomized trial of treatment for gesta-
tional diabetes mellitus, concluded that treatment
reduces serious perinatal complications and may
also improve health-related quality of life.® De-
spite these findings, the 2008 guidelines of the
U.S. Preventive Services Task Force again conclud-
ed that current evidence is insufficient to assess
the balance between benefit and harm with re-
spect to the screening and treatment of gestational
diabetes mellitus.® We performed the present ran-
domized trial to determine whether treatment of

women with mild gestational diabetes mellitus
reduces perinatal and obstetrical complications.

METHODS

STUDY DESIGN
Women were invited to participate in this study if;
between 24 weeks 0 days and 30 weeks 6 days of
gestation, they had a blood glucose concentration
between 135 and 200 mg per deciliter (between
7.5 and 11.1 mmol per liter) 1 hour after a 50-g
glucose loading test. Women were excluded if they
had preexisting diabetes, an abnormal result on a
glucose screening test before 24 weeks of gesta-
tion, prior gestational diabetes, a history of still-
birth, multifetal gestation, asthma, or chronic hy-
pertension; if they were taking corticosteroids; if
there was a known fetal anomaly; or if imminent
or preterm delivery was likely because of maternal
disease or fetal conditions. All the women who par-
ticipated in the study provided written informed
consent. The study was approved by the human
subjects committee at each participating center.
After an overnight fast, eligible women com-
pleted a blinded 3-hour 100-g oral glucose-toler-
ance test. Samples were analyzed at a central labo-
ratory, and results were forwarded to the data
coordinating center. Mild gestational diabetes mel-
litus was defined as a fasting glucose level of less
than 95 mg per deciliter (5.3 mmol per liter) and
two or three timed glucose measurements that
exceeded established thresholds: 1-hour, 180 mg
per deciliter (10.0 mmol per liter); 2-hour, 155 mg
per deciliter (8.6 mmol per liter); and 3-hour, 140
mg per deciliter (7.8 mmol per liter).*° Women who
met these criteria were randomly assigned by the
coordinating center, with the use of the simple urn
method,** stratified by clinical center. The urn
method minimizes the degree of imbalance in the
number of patients assigned to each group by in-
creasing the probability of a patient’s assignment
to the group that has previously been selected least
often. Women were assigned to receive either for-
mal nutritional counseling and diet therapy,*?
along with insulin if required (treatment group)
or usual prenatal care (control group). In addition,
a cohort of women who had a positive result on
the 50-g glucose loading test but a normal result
on a subsequent oral glucose-tolerance test and
who were matched with the study cohort accord-
ing to race and body-mass index (the weight in
kilograms divided by the square of the height in
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meters), dichotomized as less than 27 or 27 or
more, were enrolled by the data coordinating cen-
ter in the group that received usual prenatal care.
By including this group of women who did not
have gestational diabetes mellitus, the patients,
their caregivers, and the study staff were unaware
of whether women in the control group met the
criteria for the diagnosis of mild gestational dia-
betes mellitus. Women with a fasting glucose level
of 95 mg per deciliter or more on the diagnostic
oral glucose-tolerance test were excluded from the
study, and their condition was made known to
their health care providers.

Ultrasonography was performed in all subjects
before the oral glucose-tolerance test to confirm
the gestational age. Women who were receiving
treatment performed daily selfmonitoring of their
blood glucose (fasting and 2-hour postprandial
measurements) with the use of a portable memory-
based reflectance meter. Insulin was prescribed
if the majority of fasting values or postprandial
values between study visits were elevated (fasting
glucose level, 295 mg per deciliter or 2-hour post-
prandial glucose level, 2120 mg per deciliter [6.7
mmol per liter]). If; during a prenatal visit, there
was a clinical suspicion of hyperglycemia in a pa-
tient who was in the control group, the blood
glucose level could be measured at the discretion
of the provider. If a random blood glucose level
of 160 mg per deciliter (8.9 mmol per liter) or more
or a fasting glucose level of 95 mg per deciliter
or more was detected, the patient’s caregiver initi-
ated treatment and notified the local principal in-
vestigator and study personnel.

Nonstress testing, biophysical profile testing,
and ultrasonography to assess fetal growth were
not performed routinely in the treatment group
but were reserved for standard obstetrical indica-
tions. However, all the women who were enrolled
in the study were instructed regarding the daily
assessment of fetal activity.*® If delivery was not
the result of spontaneous labor, the rationale
for the timing and method of delivery was docu-
mented.

STUDY OUTCOMES
The primary study outcome was a composite out-
come that included perinatal mortality (stillbirth
or neonatal death) and complications that have
been associated with maternal hyperglycemia: hy-
poglycemia, hyperbilirubinemia, neonatal hyper-
insulinemia, and birth trauma. Cord blood was

collected and forwarded to a central laboratory
for determination of the C-peptide level. Hyper-
insulinemia was defined as a cord-blood C-pep-
tide level greater than the 95th percentile (i.e.,
greater than 1.77 ng per milliliter) as determined
from an unselected obstetrical population of wom-
en in the Maternal-Fetal Medicine Units Network
of the Eunice Kennedy Shriver National Institute
of Child Health and Human Development. Neo-
natal blood for the determination of glucose level
was collected within 2 hours after birth and before
feeding; hypoglycemia was defined as a glucose
value of less than 35 mg per deciliter (1.9 mmol
per liter).** Serum bilirubin was determined be-
tween 16 and 36 hours after birth. A value greater
than the 95th percentile for any given point after
birth was considered to be an elevated level.*s
Birth trauma was defined as brachial plexus pal-
sy or clavicular, humeral, or skull fracture.

Secondary prespecified neonatal outcome mea-
sures included birth weight greater than 4000 g,
large size for gestational age (defined as birth
weight above the 90th percentile), small size for
gestational age (birth weight below the 10th per-
centile),’® admission to the neonatal intensive
care unit, and the respiratory distress syndrome.
Shortly after the infant’s birth, trained research
staff measured the infant’s length, head and up-
per mid-arm circumferences, and flank skinfold.
Neonatal fat mass was calculated according to
the technique of Catalano et al.’”

Secondary maternal outcomes included weight
gain from the time of enrollment to delivery, ges-
tational hypertension, preeclampsia, cesarean de-
livery, labor induction, and shoulder dystocia.
Gestational hypertension was defined as a systolic
pressure of 140 mm Hg or more or a diastolic pres-
sure of 90 mm Hg or more on two occasions at
least 4 hours apart, or one elevated blood-pressure
value subsequently treated with medication. Pre-
eclampsia was defined as an elevation in blood
pressure (according to the definition of gestational
hypertension) together with proteinuria (300 mg
of protein or more in a 24-hour urine collection
or a result of 2+ or greater on a dipstick test when
a 24-hour collection was not available). Elevated
blood pressure with either elevated liver enzyme
levels (aspartate aminotransferase level >70 U per
liter) or thrombocytopenia (platelet count <100,000
per cubic millimeter) was also diagnosed as pre-
eclampsia. Shoulder dystocia was defined clini-
cally, and the providers were required to document
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19,665 Women with glucose levels =135 mg/d|
and <200 mg/d| after a 1-hour 50-g glucose
loading test were assessed for eligibility

8676 (44.1%) Did not meet inclusion criteria
3554 (18.1%) Declined to participate

54 (0.3%) Were denied inclusion by their
physicians

7381 Consented

83 Did not complete OGTT

7298 Completed OGTT

54 Were ineligible after OGTT
42 Did not meet initial screening criteria, but
exclusion was not known until after OGTT
12 Had OGTT samples that could not be
evaluated or samples that were lost

1938 With fasting glucose levels >95 mg/dl were
referred for treatment

4348 Had normal OGTT
931 With normal OGTT followed as “untreated”

958 With abnormal OGTT had mild gestational
diabetes mellitus

485 Were assigned to treatment

25 Were lost to follow-up
8 Had no delivery data
17 Had missing laboratory
data

460 Were included in the analysis
of the primary composite outcome

473 Were assigned to usual
prenatal care

33 Were lost to follow-up
18 Had no delivery data
15 Had missing laboratory
data

440 Were included in the analysis
of the primary composite outcome

tolerance test.

Figure 1. Screening, Enrollment, Random Assignment, and Follow-up of the Study Participants.
To convert the values for glucose to millimoles per liter, multiply by 0.05551. OGTT denotes oral glucose-

the maneuvers that were specifically used to re-
lease the fetal shoulders.

Trained study personnel collected data on all
the women in the treatment group at the time of
the study visits. The records of all enrolled wom-
en and their infants were reviewed at the time of
their discharge from the hospital, and informa-
tion regarding antepartum, intrapartum, and post-

delivery complications was recorded. All cases of
hypertensive disorders and shoulder dystocia un-
derwent masked central review by two of the au-
thors to ensure that the diagnoses were accurate.

STATISTICAL ANALYSIS
We reviewed the literature to determine the fre-
quency of each component of the composite out-
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come among women with gestational diabetes
mellitus who were not treated for the condition
and among those who were treated. It was assumed
that in the group that did not receive treatment
for mild gestational diabetes mellitus, the rate of
perinatal death, hypoglycemia, hyperbilirubinemia,
hyperinsulinemia (C-peptide level above the 95th
percentile), or birth trauma would be 20 to 30%.18-23
Assuming a composite outcome rate in the con-
trol group of 25%, we calculated that with a sam-
ple size of 950 (475 per group), the study would
have at least 80% power to show a 30% difference
in the composite outcome with treatment, with a
type I error of 5% (two-sided). This sample size
also provided more than 85% power to show a re-
duction of 30% in the rate of both large-for-ges-
tational age infants (birth weight >90th percen-
tile) and infants with birth weight greater than
4000 g.2*

The primary analysis of the clinical trial was
conducted according to the intention-to-treat prin-
ciple. The chi-square test or Fisher’s exact test was
used to compare categorical variables, and the
Wilcoxon rank-sum test was used to compare con-
tinuous variables.

During the course of the trial, an external data
and safety monitoring committee periodically re-
viewed the trial results. The group sequential
method was used to characterize the rate at which
the type I error was spent; the chosen spending
function was the Lan-DeMets generalization of
the O’Brien-Fleming boundary.?> Four interim
analyses were performed; in the final analysis of
the primary outcome, two-tailed P values of less
than 0.032 were considered to indicate statistical
significance. For this reason, 97% confidence in-
tervals were used for relative risks.

RESULTS

STUDY POPULATION
From October 2002 through mid-November 2007,
we identified 19,665 women who had an abnormal
result on a glucose loading test, of whom 10,989
met the inclusion criteria; 7381 consented to un-
dergo a blinded 3-hour oral glucose-tolerance test
and to consider enrollment in the randomized trial.
A total of 1889 of these women were enrolled;
485 women with mild gestational diabetes mel-
litus were assigned to the study treatment, and
473 women with mild gestational diabetes mel-
litus were assigned to receive usual prenatal care.
The average time from the performance of the

N ENGLJ MED 361;14

Table 1. Characteristics of the Study Population.*
Variable (N=485)
Age —yr 29.2+5.7
Primigravida — no. (%) 104 (21.4)
Race or ethnic group — no. (%)
Black 56 (11.5)
White 123 (25.4)
Asian 22 (4.5)
Hispanic 281 (57.9)
Other 3 (0.6)
Smoking — no. (%) 38(7.8)
Alcohol use — no. (%) 23 (4.7)
Body-mass index at entry:: 30.1£5.0
Glucose level after 50-g glucose-loading 159.0+15.3
test — mg/dI§
Duration of gestation randomization — wk 28.8+1.6
Glucose levels in 3-hr OGTT — mg/dI§
Fasting 86.6+5.7
1-hr 191.8+21.9
2-hr 173.7+21.8
3-hr 137.3+£29.0

Treatment Group Control Group

(N=473)
28.9+5.6
123 (26.0)

54 (11.4)
119 (25.2)
28 (5.9)
265 (56.0)
7 (1.5)
31 (6.6)
11 (2.3)
30.245.1
159.7+15.5

28.9+1.5

86.3+5.7
193.4+19.3
173.3+19.6
134.1+31.5

* Plus—minus values are means +SD. Only alcohol use was significantly different
between study groups (P=0.04). OGTT denotes oral glucose-tolerance test.

T Race or ethnic group was self-reported.

1 The body-mass index is the weight in kilograms divided by the square of the

height in meters.

§ To convert the values for glucose to millimoles per liter, multiply by 0.05551.

oral glucose-tolerance test to randomization was
4.2 days. An additional 931 women with normal
results on the oral glucose-tolerance test were in-
cluded in the group that received usual prenatal
care, to mask the status of the control group
(Fig. 1).

The baseline characteristics of the 958 women
who were randomly assigned to a study group are
shown in Table 1. There were no significant dif-
ferences in demographic variables or results of the
oral glucose-tolerance test between the women
in the treatment group and those in the control

group.

PERINATAL AND NEONATAL OUTCOMES

We observed no significant difference between the
treatment group and the control group in the fre-
quency of the composite primary perinatal outcome
(32.4% and 37.0%, respectively; relative risk, 0.87;
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Table 2. Primary Perinatal Outcome.*

Outcome Variable

Gestational age at birth — wk

Composite end point — no./total no. (%)
Hypoglycemiai:
Hyperbilirubinemiaz:
Elevated cord-blood C-peptide level::
Stillbirth or neonatal death
Birth trauma(

Treatment Group ~ Control Group Relative Risk

(N=485) (N=473) (97% ClI) P Value

39.0+1.8 38.9+1.8 0.87

149/460 (32.4) 163/440 (37.0) 0.87 (0.72-1.07) 0.14

62/381 (16.3) 55/357 (15.4)  1.06 (0.73-1.53)  0.75

43/450 (9.6) 54/418 (12.9) 0.74 (0.49-1.12) 0.12

75/423 (17.7) 92/403 (22.8)  0.78 (0.57-1.05)  0.07

0 0
3/476 (0.6) 6/455 (1.3) 0.48 (0.10-2.20) 0.33

* Plus—minus values are means +SD.

T The composite perinatal outcome included stillbirth, neonatal death, hypoglycemia, hyperbilirubinemia, elevated cord-

blood C-peptide level, and birth trauma.

1 The results of some blood tests were not available either because samples were not obtained or were not obtained ac-
cording to protocol or because they could not be assayed owing to a laboratory processing error.
§ Data were not available in some cases because some women delivered at outside institutions.

Table 3. Secondary Neonatal Outcomes.*
Treatment Group ~ Control Group Relative Risk
Outcome Variable (N=485) (N=473) (97% CI) P Value
Birth weight — g 3302+502.4 3408+589.4 <0.001
Birth weight >4000 g — no./total no. (%) 28/477 (5.9) 65/454 (14.3)  0.41 (0.26-0.66)  <0.001
Large for gestational age — no./total no. (%) 34/477 (7.1) 66/454 (14.5) 0.49 (0.32-0.76)  <0.001
Fatmass —g 427.0+£197.9 464.3+222.3 0.003
Preterm delivery — no./total no. (%) 45/477 (9.4) 53/455 (11.6) 0.81 (0.53-1.23) 0.27
Small for gestational age — no./total no. (%)§ 36/477 (7.5) 29/455 (6.4) 1.18 (0.70-1.99) 0.49
Admission to NICU — no. /total no. (%) 43/477 (9.0) 53/455 (11.6)  0.77 (0.51-1.18)  0.19
Intravenous glucose treatment — no./total no. 25/475 (5.3) 31/455 (6.8) 0.77 (0.44-1.36) 0.32
(%)
Respi/ratory distress syndrome — no. /total no. 9/477 (1.9) 13/455 (2.9) 0.66 (0.26-1.67) 0.33
(%)

* Plus—minus values are means +SD. There were 10 women in the treatment group and 19 women in the control group
for whom at least some delivery data were missing. NICU denotes neonatal intensive care unit.

T Large for gestational age refers to a birth weight above the 90th percentile.

i Preterm delivery refers to delivery before 37 weeks of gestation.

§ Small for gestational age refers to a birth weight below the 10th percentile.

97% confidence interval [CI], 0.72 to 1.07; P=0.14)
(Table 2). There were no perinatal deaths in ei-
ther group. The individual rates of neonatal hypo-
glycemia, hyperbilirubinemia, birth trauma, and
elevated cord-blood C-peptide level did not differ
significantly between the two groups. Adjustment
for the baseline reported consumption of any al-
cohol did not materially affect the relative risk
for the primary outcome (relative risk with treat-
ment, 0.88; 97% CI, 0.72 to 1.07; P=0.16). The fre-
quency of intravenous glucose administration in

the newborn did not differ significantly between
groups.

The mean birth weight and neonatal fat mass,
as well as the frequency of large-for-gestational
age infants and of infants with a birth weight of
4000 g or greater, were significantly reduced in the
treatment group as compared with the control
group. In contrast, the frequency of small-for-ges-
tational age infants and the frequency of admis-
sion to the neonatal intensive care unit did not
differ significantly between the groups (Table 3).
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Table 4. Maternal Outcomes.*
Treatment Group  Control Group Relative Risk

Outcome Variable (N=476) (N =455) (97% ClI) P Value
Induction of labor — no. (%) 130 (27.3) 122 (26.8)  1.02 (0.81-1.29)  0.86
Cesarean delivery — no. (%) 128 (26.9) 154 (33.8) 0.79 (0.64-0.99)  0.02
Shoulder dystocia — no. (%) 7 (1.5) 18 (4.0) 0.37 (0.14-0.97)  0.02
Preeclampsia — no. (%) 12 (2.5) 25 (5.5) 0.46 (0.22-0.97)  0.02
Preeclampsia or gestational hypertension — no. (%) 41 (8.6) 62 (13.6) 0.63 (0.42-0.96)  0.01
Body-mass index at deliveryy 31.3£5.2 32.3£5.2 <0.001
Weight gain — kgi: 2.8+4.5 5.0+3.3 <0.001

* Plus—minus values are means +SD. The number in each group refers to the number of women for whom all delivery

data were available.

7 The body-mass index is the weight in kilograms divided by the square of the height in meters.

I Weight gain refers to weight gain from enrollment in the t

rial until delivery.

MATERNAL OUTCOMES

The rates of labor induction were similar between
the treatment and control groups; however, cesar-
ean delivery was significantly less common among
women in the treatment group than among wom-
en in the control group (26.9% vs. 33.8%, P=0.02)
(Table 4). After excluding cases of abnormal pre-
sentation, placenta previa, oligohydramnios, and
previous cesarean delivery, the cesarean delivery
rate remained lower in the treatment group than
in the control group (13.0% vs. 19.7%, P=0.01).
The treatment group had a significantly lower fre-
quency of shoulder dystocia (P=0.02) and pre-
eclampsia or gestational hypertension (P=0.01)
(Table 4).

After enrollment, women in the treatment
group attended an average of seven prenatal visits,
as compared with an average of five attended by
women in the control group (P<0.001). Both the
body-mass index at delivery and weight gain from
enrollment to delivery were lower among women
in the treatment group than among those in the
control group (Table 4). A total of 37 women in
the treatment group required insulin therapy, as
compared with 2 in the control group. Data on
maternal glucose levels from women in the treat-
ment group indicated that target glycemic thresh-
olds were achieved (Table 5).

DISCUSSION

This randomized trial showed that although treat-
ment of mild gestational diabetes mellitus did not
reduce the frequency of the composite primary

perinatal outcome, it did lower the risks of fetal
overgrowth, shoulder dystocia, cesarean delivery,
and preeclampsia. Overall, consistent with find-
ings from the ACHOIS trial, the findings from
our trial confirm a modest benefit from the iden-
tification and treatment of women with mild car-
bohydrate intolerance during pregnancy.® The
ACHOIS trial, however, included an ethnically ho-
mogeneous group of women who had a greater
degree of hyperglycemia than that in our more
diverse study population. In addition, we used a
100-g diagnostic oral glucose-tolerance test, where-
as a 75-g oral glucose-tolerance test was used in
the ACHOIS trial. The ACHOIS trial included a
health status survey that showed that there were
lower rates of postpartum depression in the in-
tervention group, whereas we did not assess qual-
ity-of-life measures.

Our composite primary outcome included per-
inatal mortality (stillbirth or neonatal death) and
complications that have been linked to maternal
carbohydrate intolerance: neonatal hypoglycemia,
hyperbilirubinemia, and birth trauma. The results
of the ACHOIS trial showed that treatment did not
reduce the rates of symptomatic neonatal hypo-
glycemia or jaundice requiring phototherapy.® The
lack of treatment effect in reducing metabolic ab-
normalities of the newborn in our study as well
as in the ACHOIS trial may be due in part to the
fact that these adverse outcomes are most consis-
tently associated with more severe glucose eleva-
tions than those that were present in these two
study populations. The results from the HAPO
study suggested that a threshold for an increased
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Who Were in the Treatment Group.*

Time of Test

Fasting

After breakfast
After lunch
After dinner

Fasting

After breakfast
After lunch
After dinner

Diet-treated subgroup

Insulin-treated subgroup

Table 5. Glycemic Values among Women with Gestational Diabetes Mellitus
Patients Glucose Level
Interquartile
Median Range
no. mg/dl

426 30.8 (76.4-86.1)
427 97.3 (90.5-104.0)
427 102.6 (96.0-109.1)
427 107.8 (101.7-115.0)

36 90.4 (82.9-96.4)

36 109.7 (99.1-116.5)
36 113.2 (107.7-121.7)
36 1206 (111.4-128.0)

e

“ Glycemic values represent available data from memory reflectance meters.

The medians and interquartile ranges are for patients’ average readings. To
convert the values for glucose to millimoles per liter, multiply by 0.05551.
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risk of clinical neonatal hypoglycemia may not be
apparent until fasting maternal glucose levels ex-
ceed 100 mg per deciliter (5.6 mmol per liter).°

Associations among macrosomia, shoulder dys-
tocia, and the increased risk of brachial plexus
injury in the offspring of women with diabetes
are well documented.?® Consistent with the re-
sults of our trial, the ACHOIS trial also showed
a reduction in the rate of shoulder dystocia when
women with mild gestational diabetes mellitus
received treatment (1%, vs. 3% in the untreated
group).® However, both trials lacked sufficient
power to detect significant differences in uncom-
mon adverse outcomes such as injury to the bra-
chial plexus. Increased birth weight and neonatal
fat mass may have long-term health implications
for the offspring of mothers with gestational dia-
betes mellitus, including an increased risk of im-
paired glucose tolerance and childhood obesity.?”2#
Long-term follow-up studies are needed to deter-
mine whether treatment of gestational diabetes
mellitus can reduce the risk of these complica-
tions.

The diagnosis of gestational diabetes mellitus,
or the knowledge that it is present, has been re-
ported to be associated with an increase in sev-
eral adverse maternal outcomes.?® Rates of cesar-

N ENGL J MED 361,14

ean delivery have been consistently higher in
pregnancies in which gestational diabetes melli-
tus has been diagnosed.?#3° Naylor and colleagues
suggested that simply the recognition that the
mother has gestational diabetes mellitus may lead
to a lower threshold for operative delivery, thus
mitigating the potential benefits of treatment in
reducing fetal overgrowth.2* We found that there
was a significant reduction in the rate of cesar-
ean delivery among the women who were treated
for mild gestational diabetes mellitus, as com-
pared with the rate among the women in the con-
trol group, and a rate of labor induction that was
similar in the two groups. The extent to which a
reduction in fetal size and in the frequency of
large-for-gestational-age infants as a result of
treatment may have contributed to the lower rate
of cesarean deliveries is unknown. Labor induc-
tion and cesarean delivery may be less commonly
performed in academic medical centers, includ-
ing the centers that participated in this study.

Insulin resistance, a characteristic of gesta-
tional diabetes mellitus, has been associated with
the development of preeclampsia.3* The HAPO
study showed a continuous linear association be-
tween the results of glucose-tolerance tests and
rates of preeclampsia.® Hypertensive disorders of
pregnancy are associated with an increased rate
of maternal complications and are a major con-
tributor to preterm delivery among women with
gestational diabetes mellitus.3° Consistent with
findings from the ACHOIS trial,® we found a sig-
nificant reduction in the rates of preeclampsia
among women who received treatment for gesta-
tional diabetes mellitus. The overall rate of pre-
eclampsia in our study was substantially lower
than that in the ACHOIS study, which is probably
explained by our use of more stringent diagnos-
tic criteria.

In contrast with previous randomized trials in-
volving women with gestational diabetes mellitus,
we verified compliance with glycemic monitoring
and documented whether target glucose thresh-
olds were achieved. We did not disclose the re-
sults of oral glucose-tolerance tests to caregivers
or subjects in the control group in order to mini-
mize the likelihood of self-treatment, which has
been a limitation in pilot studies of treatment of
gestational diabetes mellitus.2223> However, as a
result, we could not assess glycemia in women in
the control group, and thus it is not known wheth-
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er intensive treatment of gestational diabetes mel-
litus reduced glycemic levels relative to standard
obstetrical care.

The ACHOIS study reported that “serious” peri-
natal complications were reduced by treatment of
gestational diabetes mellitus. The majority of out-
comes included in the composite outcome of the
ACHOIS trial were cases of shoulder dystocia,
which is considered by many to be an intermedi-
ate health outcome.®® Although the primary com-
posite outcome in our trial was not significantly
reduced with treatment, the results of our study
provide further compelling evidence that among
women who have gestational diabetes mellitus and
normal fasting glucose levels, treatment that in-
cludes dietary intervention and insulin therapy,

HAPO study data, which is focused on develop-
ing an international consensus for the diagnosis
and treatment of carbohydrate intolerance during
pregnancy.3?
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