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BACKGROUND

Gestational diabetes mellitus is common and is associated with an increased risk
of adverse maternal and perinatal outcomes. Although experts recommend universal screening for gestational diabetes, consensus is lacking about which of two
recommended screening approaches should be used.
METHODS

We performed a pragmatic, randomized trial comparing one-step screening (i.e.,
a glucose-tolerance test in which the blood glucose level was obtained after the
oral administration of a 75-g glucose load in the fasting state) with two-step
screening (a glucose challenge test in which the blood glucose level was obtained
after the oral administration of a 50-g glucose load in the nonfasting state, followed,
if positive, by an oral glucose-tolerance test with a 100-g glucose load in the fasting
state) in all pregnant women who received care in two health systems. Guidelines
for the treatment of gestational diabetes were consistent with the two screening approaches. The primary outcomes were a diagnosis of gestational diabetes, large-forgestational-age infants, a perinatal composite outcome (stillbirth, neonatal death,
shoulder dystocia, bone fracture, or any arm or hand nerve palsy related to birth
injury), gestational hypertension or preeclampsia, and primary cesarean section.
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RESULTS

A total of 23,792 women underwent randomization; women with more than one pregnancy during the trial could have been assigned to more than one type of screening.
A total of 66% of the women in the one-step group and 92% of those in the two-step
group adhered to the assigned screening. Gestational diabetes was diagnosed in
16.5% of the women assigned to the one-step approach and in 8.5% of those assigned
to the two-step approach (unadjusted relative risk, 1.94; 97.5% confidence interval
[CI], 1.79 to 2.11). In intention-to-treat analyses, the respective incidences of the
other primary outcomes were as follows: large-for-gestational-age infants, 8.9% and
9.2% (relative risk, 0.95; 97.5% CI, 0.87 to 1.05); perinatal composite outcome, 3.1%
and 3.0% (relative risk, 1.04; 97.5% CI, 0.88 to 1.23); gestational hypertension or preeclampsia, 13.6% and 13.5% (relative risk, 1.00; 97.5% CI, 0.93 to 1.08); and primary
cesarean section, 24.0% and 24.6% (relative risk, 0.98; 97.5% CI, 0.93 to 1.02). The
results were materially unchanged in intention-to-treat analyses with inverse probability weighting to account for differential adherence to the screening approaches.
CONCLUSIONS

Despite more diagnoses of gestational diabetes with the one-step approach than
with the two-step approach, there were no significant between-group differences in
the risks of the primary outcomes relating to perinatal and maternal complications.
(Funded by the Eunice Kennedy Shriver National Institute of Child Health and Human Development; ScreenR2GDM ClinicalTrials.gov number, NCT02266758.)
n engl j med 384;10
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estational diabetes mellitus, one
of the most common complications of
pregnancy,1,2 affects 6 to 25% of pregnant women (depending on diagnostic criteria)3,4
and is associated with increased risks of stillbirth and neonatal death, as well as multiple
serious conditions in both mothers and babies.1
Fetal overgrowth, a complication of gestational
diabetes, is associated with an increased risk of
birth trauma (e.g., brachial plexus injury or clavicular fracture) and of cesarean section to avoid such
trauma.1,5 Universal gestational diabetes screening is recommended at 24 to 28 weeks of gestation,6 since data from randomized, controlled
trials show that treatment of gestational diabetes improves maternal and perinatal outcomes.7,8
There is no scientific consensus on how best
to diagnose gestational diabetes. Expert professional organizations acknowledge two acceptable
options: the International Association of the Diabetes and Pregnancy Study Groups (IADPSG)
one-step screening approach (currently preferred
by the American Diabetes Association) and the
two-step Carpenter–Coustan screening approach
(recommended by the American College of Obstetricians and Gynecologists); both organizations note the need for additional evidence related to outcomes.1,9
Each approach has advantages and disadvantages.1,9 The one-step approach involves a 2-hour
oral glucose-tolerance test for all participants.
Although screening and diagnosis can be completed in a single visit, all women must fast before screening and make time for a 2-hour visit.
The two-step approach includes an initial nonfasting 1-hour glucose challenge test, which is
logistically simpler for women and can easily be
performed as part of a scheduled prenatal visit;
most women do not require further screening.
However, approximately 20% of women who
undergo this screening are found to have high
blood glucose levels and must return for a 3-hour
fasting diagnostic oral glucose-tolerance test.10,11
The two screening methods also have different diagnostic cutoff thresholds. The one-step
approach identifies women with milder hyperglycemia as having gestational diabetes. Although
there is a clear linear relationship between maternal hyperglycemia and maternal and perinatal outcomes,12 the effects of identifying and
treating milder cases of gestational diabetes on
these outcomes are not known.1,2,10
n engl j med 384;10
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The National Institutes of Health Consensus
Development Conference on diagnosing gestational diabetes mellitus recommended that a randomized trial compare these approaches with
respect to clinically important outcomes.10 We
conducted ScreenR2GDM, a pragmatic, randomized clinical trial involving pregnant women who
were receiving care at Kaiser Permanente Northwest and Kaiser Permanente Hawaii to compare
the one-step approach with the two-step approach
to screening and diagnosis of gestational diabetes
with respect to maternal and neonatal outcomes.

Me thods
Trial Design and Oversight

Details regarding the design of the ScreenR2GDM
trial and the characteristics of the trial population have been published previously.13 All pregnant women who were receiving care at Kaiser
Permanente Northwest and Kaiser Permanente
Hawaii were randomly assigned to undergo either
one-step or two-step screening for the diagnosis
of gestational diabetes. Institutional review boards
at both institutions approved the randomized
clinical trial and waivers for individual consent;
the rationale was that both screening approaches
are associated with minimal risk and are clinically recommended, and thus waiving consent
would not adversely affect patients’ rights or
welfare, as long as providers could retain clinical
judgment to decide whether to adhere to randomization. A data and safety monitoring board
provided trial oversight (see Section S2.1 in the
Supplementary Appendix, available with the full
text of this article at NEJM.org) and conducted
one midtrial data review.13
The first and second authors vouch for the
accuracy and completeness of the data and for
the fidelity of the trial to the protocol. The statistical analysis plan is provided with the protocol at NEJM.org. Neither the funding source nor
the authors’ institutions (where the trial was
conducted) had any involvement in the trial design; the collection, analysis, or interpretation of
the data; the writing of the report; or the decision to submit the article for publication.
Randomization

All the women were randomly assigned, in a 1:1
ratio, to the one-step or two-step screening approach at their first prenatal visit with the use of
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an electronically generated random-assignment
procedure. The provider was notified of this assignment in the electronic medical record when
gestational diabetes screening was ordered (typically at 24 to 28 weeks of gestation).13 If screening was ordered more than once, providers were
notified of the same assigned test each time.
Randomization was conducted independently
within the electronic medical record system of
each region and was implemented on May 28,
2014, in Kaiser Permanente Northwest (the first
woman was enrolled on June 3, 2014) and on
July 7, 2014, in Kaiser Permanente Hawaii. Randomization continued in both regions through
December 31, 2017; data on outcomes were collected through delivery of neonates (from 2014
through 2018).
Owing to the pragmatic trial design, the providers were aware of the trial-group assignments.
All the investigators and trial staff, except the
statisticians, were unaware of all the trial data
except for the data on overall adherence until all
the women had undergone randomization.
Approaches to Gestational Diabetes
Screening and Diagnosis

The one-step approach consisted of a 2-hour oral
glucose-tolerance test (i.e., the blood glucose
level was obtained 2 hours after the oral administration of a 75-g glucose load in the fasting
state). Women received a diagnosis of gestational diabetes if the fasting blood glucose level
was at least 92 mg per deciliter (5.1 mmol per
liter), the timed glucose measurement was at least
180 mg per deciliter (10.0 mmol per liter) at 1 hour,
or the timed measurement was at least 153 mg
per deciliter (8.5 mmol per liter) at 2 hours.9
In the two-step approach, the first (screening) step was a 1-hour glucose challenge test in
which the blood glucose level was obtained after
the oral administration of a 50-g glucose load in
the nonfasting state.1 Women with a blood glucose
level of at least 200 mg per deciliter (11.1 mmol
per liter) on the challenge test were considered
to have gestational diabetes and did not undergo
further testing.11 Women who had a positive
glucose challenge test with a blood glucose level
below 200 mg per deciliter (and ≥130 mg per deciliter [≥7.2 mmol per liter] at Kaiser Permanente
Northwest and ≥140 mg per deciliter [≥7.8 mmol
per liter] at Kaiser Permanente Hawaii) underwent a diagnostic fasting 3-hour oral glucosen engl j med 384;10

tolerance test in which the blood glucose level
was obtained after the oral administration of a
100-g glucose load. Gestational diabetes was diagnosed if two or more of four glucose thresholds
were met: a fasting level of at least 95 mg per
deciliter (≥5.3 mmol per liter), at least 180 mg
per deciliter at 1 hour, at least 155 mg per deciliter (≥8.6 mmol per liter) at 2 hours, or at least
140 mg per deciliter at 3 hours.1 Treatment for
gestational diabetes was based on the same
national practice guidelines, regardless of the
screening approach1,14 (Section S2.5).
Trial Outcomes

We prespecified five primary outcomes on the
basis of previous research.7,8,12 These outcomes,
which are not listed in order of importance, were
a diagnosis of gestational diabetes, large-forgestational-age infants (birth weight >90th percentile),7,8,12,15 a composite measure of perinatal
outcomes (stillbirth, neonatal death, shoulder
dystocia, bone fracture, or any arm or hand
nerve palsy related to birth injury),8 primary cesarean section,7,8,12 and gestational hypertension
or preeclampsia.1,7,8,16 Definitions of these outcomes are provided in Table S1.
Secondary outcomes were the incidence of
macrosomia (birth weight >4000 g),7,8 small-forgestational-age infants (birth weight ≤10th percentile),7,8,15 maternal gestational diabetes for
which insulin or oral hypoglycemic treatment
was warranted,1 neonatal respiratory distress,7,8
neonatal jaundice for which treatment was warranted,7 neonatal hypoglycemia,7,8 and the individual components of the composite perinatal
outcome.8 Screening practices for neonatal hypoglycemia were consistent with the American
Academy of Pediatrics guidelines, which recommend screening neonates with risk factors for
hypoglycemia within 24 hours after birth.17,18 In
both trial regions, newborn screening is performed by a heel stick, with point-of-care glucose testing in the delivery room or nursery.
Safety outcomes were neonatal sepsis, admission
to a neonatal intensive care unit, preterm birth
(at <37 weeks of gestation as well as at <32 weeks
of gestation), and induction of labor. Primary,
secondary, and safety outcomes were assessed
for subgroups of participants with a diagnosis
of gestational diabetes (prespecified) and participants who were not screened (post hoc
analyses).
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Statistical Analysis

We originally estimated that a sample size of
17,626 pregnancies would provide 80% power to
detect a relative between-group difference of 20%
for all primary outcomes except the composite
perinatal outcome, for which the trial would be
powered to detect a 40% difference, at a twosided significance level of 0.05. However, early
monitoring of fidelity to the randomized screening revealed that at both sites, a higher percentage of the women who were randomly assigned
to one-step screening received two-step screening than the reverse.13 Providers reported that this
imbalance was partly due to efforts to ensure
screening by conducting the nonfasting two-step
glucose challenge test at a prenatal visit. Given
the pragmatic nature of this trial, the research
team was unable to enforce strict adherence to
randomization. Accordingly, we modified our
protocol to continue the trial until an adequate
sample size had been achieved among women
receiving the one-step approach13 and to include
additional statistical analyses to account for nonadherence (see below and Section S2.11.1).13,19,20
We estimated the relative risks of each primary outcome between the two trial groups using generalized linear log-binomial models with
adjustment for correlated errors owing to multiple
pregnancies per woman. The quasi-likelihood
information criterion was used to confirm working correlation structure and variable selection.21
In planned intention-to-treat analyses, we used
an unadjusted model comparing pregnancy outcomes between the randomly assigned groups
as well as models adjusted for the diagnosis of
gestational diabetes, group-by-diagnosis interaction, and other covariates that may have modified the relationship of the group with each
outcome. These covariates included excessive gestational weight gain, as defined according to the
National Academy of Medicine guidelines,22,23
since this covariate is independently related to
several outcomes.24-26 The interaction between
gestational diabetes and group assignment was
not significant for any outcome. Thus, final adjusted models included gestational diabetes, prespecified covariates, and factors related to nonadherence. To further account for nonadherence
to the randomized assignment, we conducted
intention-to-treat analyses with inverse probability weighting19,20; in these analyses, pregnancies
were assigned stabilized weights that were based
898
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on the modeled probability of adherence to the
assigned screening approach (Fig. 1).13
We also conducted sensitivity analyses, including multiple imputation, to account for missing
data (Section S2.11.3 and Tables S3 and S4). Our
statistical analysis plan prespecified 97.5% confidence intervals for relative risks of primary
outcomes; these are reported here. For secondary
or other outcomes, we report 95% confidence
intervals. Because the widths of the confidence
intervals have not been adjusted to account for
the multiplicity of outcomes assessed, they should
not be used to infer definitive effects of one
screening approach over the other. All analyses
were performed with the use of SAS software,
version 9.4 (SAS Institute).

R e sult s
Trial Population

Overall, 23,792 eligible pregnant women were
randomly assigned to one-step or two-step screening for gestational diabetes; women with more
than one pregnancy during the trial could have
been assigned to more than one type of screening (see Fig. 1). A total of 94% of the eligible
women completed screening, and 66% of the
women in the one-step group and 92% of those
in the two-step group adhered to the assigned
screening approach. The characteristics of the
women in the two groups are presented in Table 1.
Primary Outcomes

Gestational diabetes was diagnosed in 16.5% of
the pregnant women who were assigned to the
one-step approach and in 8.5% of those assigned
to the two-step approach (relative risk, 1.94;
97.5% confidence interval [CI], 1.79 to 2.11).
Intention-to-treat analyses showed no significant
differences between the one-step group and the
two-step group in the incidences or the unadjusted risks of the other primary outcomes. These
outcomes were large-for-gestational-age infants
(in 8.9% of the pregnancies in the one-step
group and 9.2% of those in the two-step group;
relative risk, 0.95; 97.5% CI, 0.87 to 1.05); the
perinatal composite outcome (in 3.1% and 3.0%,
respectively; relative risk, 1.04; 97.5% CI, 0.88 to
1.23); gestational hypertension or preeclampsia
(in 13.6% and 13.5%; relative risk, 1.00; 97.5%
CI, 0.93 to 1.08); and primary cesarean section
(in 24.0% and 24.6%; relative risk, 0.98; 97.5%
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CI, 0.93 to 1.02). After adjustment for gestational diabetes and other prespecified covariates,
including those related to adherence, there were
still no significant between-group differences
for all the primary outcomes with the exception
of the diagnosis of gestational diabetes (Table 2). The results of the analyses with inverse
probability weighting were similar to those of the
intention-to-treat analyses (Table 2).

35,579 Women without preexisting
type 1 or type 2 diabetes underwent
randomization at first prenatal visit
for gestational diabetes screening
as part of clinical care

11,787 Were excluded
11,316 (96.0%) Had miscarriage
542 (4.6%) Had multiple
gestation
413 (3.5%) Were <18 yr
of age
118 (1.0%) Had previous
bariatric surgery
825 (7.0%) Changed
insurance

Secondary, Safety, and Subgroup Outcomes

The results for the secondary outcomes and the
safety outcomes were similar in the two groups
(Table 3). In a prespecified analysis that was
limited to women with a diagnosis of gestational diabetes, the incidences of the trial outcomes were similar between the groups (Table
S7). In 39% of the women assigned to one-step
screening for gestational diabetes, the diagnosis
was based on the isolated fasting plasma glucose level alone, and half these women met the
criteria for gestational diabetes with an isolated
fasting plasma glucose level in the range of 92
to 94 mg per deciliter (5.1 to 5.2 mmol per liter);
thus, their glucose levels at diagnosis were already within the target range for treatment (fasting plasma glucose level <95 mg per deciliter).1
Among the women with gestational diabetes,
the percentages of those who received insulin or
hypoglycemic medication were similar in the
one-step and two-step groups (42.6% and 45.6%,
respectively) (Table 3). Baseline information and
the outcomes of pregnancies in women who did
not undergo screening for gestational diabetes
(a post hoc subgroup involving 1450 women) are
provided in Tables S8 and S9.

Discussion
This pragmatic, head-to-head, randomized clinical trial of the two clinically recommended approaches to screening for gestational diabetes,1,9
showed no significant differences in maternal
and perinatal outcomes among 23,792 pregnant
women who were randomly assigned to undergo
one-step screening or two-step screening as part
of their clinical care, even though twice as many
women in the one-step group received a diagnosis of gestational diabetes. There was lower adherence to screening with the fasting one-step
approach, but the results were similar in analyses that accounted for differences in adherence.
n engl j med 384;10

23,792 Were eligible to undergo screening

11,922 Were assigned to one-step
screening

11,870 Were assigned to two-step
screening

1503 Did not undergo either
type of screening
7880 Underwent assigned one-step
screening
3247 Underwent alternative two-step
screening

10,881 Underwent assigned two-step
screening
281 Underwent alternative one-step
screening

Figure 1. Randomization and Screening.
Percentages for exclusion do not total 100% because some pregnancies met
multiple exclusion criteria. The major reason for exclusion was miscarriage
(because randomization occurred at the first prenatal visit, and in many cases
this visit also determined nonviability, or miscarriage, on the same day of randomization and before any screening for gestational diabetes was ordered).
Terminations were also included in this exclusion category. A change of insurance during pregnancy was a criterion for exclusion because the investigators were unable to evaluate outcomes in these pregnancies. Intention-totreat analyses were planned. Because of the unanticipated lower adherence
to the fasting one-step screening at both sites, randomization was continued
until enough pregnant women had been enrolled with one-step screening
to achieve adequate statistical power, and additional analyses were conducted, including an intention-to-treat analyses with inverse probability weighting,
both with and without adjustment for factors related to nonadherence.13,19,20
Factors related to lower adherence included both maternal and provider
characteristics as well as provider reliance on nonfasting tests to ensure
that gestational diabetes screening was completed at a visit.13 These pragmatic barriers to adherence could not be adequately addressed without
putting women at risk for not receiving gestational diabetes screening. A
total of 1450 of 23,792 women (6.1%) did not undergo screening (778 in
the one-step group and 672 in the two-step group), and these women presented on average at a mean of 18.9 weeks of gestation, as compared with
10.5 weeks for women who underwent screening. In addition, 53 women
underwent screening in the first trimester (e.g., by measurement of a glycated hemoglobin level)9 but did not undergo screening with either randomized gestational diabetes screening strategy.
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Table 1. Characteristics of the Trial Population.*
Characteristic
Maternal age — yr
BMI at first prenatal visit†

One-Step Screening
(N = 11,922)

Two-Step Screening
(N = 11,870)

29.4±5.5

29.3±5.5

27.4±6.7

27.6±7.0

2527/9504 (26.6)

2615/9429 (27.7)

1914 (16.1)

1810 (15.2)

White

6608 (55.4)

6586 (55.5)

Asian

Prepregnancy obesity — no./total no. (%)†
Medicaid recipient — no. (%)
Race or ethnic group — no. (%)‡

1789 (15.0)

1782 (15.0)

Native Hawaiian or Pacific Islander

623 (5.2)

619 (5.2)

Black

329 (2.8)

328 (2.8)

49 (0.4)

50 (0.4)

1317 (11.0)

1310 (11.0)

40 (0.3)

42 (0.4)

1167 (9.8)

1153 (9.7)

Northwest

8203 (68.8)

8140 (68.6)

Hawaii

3719 (31.2)

3730 (31.4)

3642 (30.5)

3616 (30.5)

Previous hypertension — no. (%)

948 (8.0)

976 (8.2)

Previous gestational diabetes — no. (%)

636 (5.3)

637 (5.4)

American Indian
Multiple races
Other
Unknown
Trial-site region — no. (%)

Nulliparous — no. (%)

Gestational weight gain exceeding NAM
guidelines — no./total no. (%)§

4160/9239 (45.0)

4255/9133 (46.6)

*	Plus–minus values are means ±SD. NAM denotes National Academy of Medicine.
†	Body-mass index (BMI, the weight in kilograms divided by the square of the height in meters) was assessed at the first
obstetrical visit (mean gestation, 10.9 weeks); 6 women did not have these measurements. Prepregnancy obesity was
defined as a BMI of at least 30. The prepregnancy weight was the most recent weight measurement obtained up to 3
months before the estimated date of conception or (if not available) the earliest weight measurement obtained during
pregnancy (≤12 weeks of gestation).
‡	Race or ethnic group was reported by the women. Hispanic ethnic group is not presented here because it was commonly reported in combination with other races or ethnic groups. Of the 11,859 women for whom Hispanic ethnic
group status was known, 1343 of 5993 women (22.4%) in the one-step group and 1280 of 5866 women (21.8%) in the
two-step group reported that they were Hispanic.
§	The prepregnancy weight or the weight at delivery needed to calculate this measure was missing for 5420 women.

Our finding that 16.5% of the women received
a diagnosis of gestational diabetes with the onestep approach is consistent with previous research
using the same criteria.4,9 Data from randomized
clinical trials showing a benefit of treatment for
gestational diabetes are limited to trials using
the two-step approach7,8; studies to address
whether or not the treatment of more women on
the basis of the one-step approach yields better
outcomes are lacking. Although we did not find
increased harms associated with the diagnosis
and treatment of gestational diabetes in many
more women with the one-step approach, some
retrospective observational cohort studies have
900

n engl j med 384;10

shown higher incidences of primary cesarean
delivery27 and neonatal hypoglycemia28 with onestep screening after conversion from two-step
protocols, with no substantive improvement in
outcomes.27-29 Other considerations relevant to
one-step screening include the burden on individual women of receiving a diagnosis of gestational diabetes on the basis of these milder criteria and the burden on the system of treating
many more women. However, some studies have
shown that maternal gestational diabetes may
be a risk factor for childhood obesity and metabolic sequelae, so treating more women could
have long-term benefits.30-32 Other studies have
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977/11,028 (8.9)
351/11,281 (3.1)

Perinatal composite outcome‖

n engl j med 384;10

2826/11,755 (24.0)

945/11,162 (8.5)

2887/11,714 (24.6)

1472/10,894 (13.5)

337/11,213 (3.0)

1015/10,986 (9.2)

0.98 (0.93–1.02)

1.00 (0.93–1.08)

1.04 (0.88–1.23)

0.95 (0.87–1.05)

1.94 (1.79–2.11)

Unadjusted
Relative Risk
(97.5% CI)§

0.95 (0.91–1.00)

0.96 (0.88–1.03)

1.08 (0.90–1.30)

0.93 (0.84–1.03)

NA

0.96 (0.91–1.02)

0.98 (0.90–1.06)

1.08 (0.89–1.31)

0.94 (0.85–1.04)

1.93 (1.77–2.11)

0.96 (0.91–1.02)

0.98 (0.90–1.06)

1.10 (0.91–1.35)

0.92 (0.83–1.02)

1.93 (1.76–2.12)

Relative Risk, Adjusted
Relative Risk, Adjusted
Relative Risk, Adjusted for Gestational Diabetes, for Gestational Diabetes,
for Gestational
Prespecified Covariates, Prespecified Covariates, and
Diabetes
and Nonadherence‡
Nonadherence‡
(97.5% CI)§
(97.5% CI)§
(97.5% CI)§

Preplanned Intention-to-Treat Analyses†

Intention-to-Treat Analyses
with Inverse Probability
Weighting‡

*	The denominators vary according to the ascertainment method for each outcome. For the gestational diabetes outcome, only the women who underwent one of the two types of screening were included. The maternal outcome of gestational hypertension or preeclampsia excluded women with preexisting hypertension before pregnancy. Primary cesarean section excluded women who left the health plan before delivery (167 women in the one-step screening group and 156 women in the two-step screening group). The perinatal outcomes included
pregnancies for which information was available in the maternal record (stillbirth and shoulder dystocia) or in newborn records that were matched to maternal records. Reasons for unmatched newborn records include adopted infants, deliveries within and outside the health plan in which the newborn was covered by other insurance, deliveries outside the health plan
for which no reimbursement for newborn care was requested, and instances in which the mother left the health plan before delivery and no information was available for the newborn.
There were 702 unmatched newborn records in the one-step screening group and 709 unmatched newborn records in the two-step screening group. In 30 pregnancies in the one-step
group and 21 pregnancies in the two-step group, there was a diagnosis of shoulder dystocia in the maternal record but no matching newborn record. In 32 pregnancies in the one-step
group and 31 pregnancies in the two-step group, there was a diagnosis of stillbirth in the maternal record but no matching newborn record. For the outcome of large-for-gestational-age
infants, unmatched newborn records were excluded, and birth weight was not available for 192 pregnancies in the one-step group and 175 pregnancies in the two-step group. CI denotes confidence interval, and NA not applicable.
†	The intention-to-treat analysis compared pregnant women who were randomly assigned to one-step screening with those who were randomly assigned to two-step screening.
‡	Analyses with inverse probability weighting were conducted to account for nonadherence to the randomized screening test. Stabilized weights were derived from modeling the probability of adhering to the randomly assigned screening test (details are provided in Section S2.11 in the Supplementary Appendix).
§	Prespecified covariates included race or ethnic group, prepregnancy obesity, and weight exceeding National Academy of Medicine weight-gain guidelines.22,23 Factors related to nonadherence included maternal age, nulliparity, race or ethnic group, Medicaid insurance, previous gestational diabetes, preexisting hypertension, trial site, maternal obesity at the first prenatal visit, provider type, and randomized group. The widths of the confidence intervals have not been adjusted to account for multiplicity and cannot be used to infer treatment effects.
¶	A total of 795 women who were assigned to one-step screening and 708 women who were assigned to two-step screening did not undergo either type of screening.
‖	The perinatal composite outcome was any of the following: stillbirth, neonatal death, shoulder dystocia, bone fracture, or any arm or hand nerve palsy related to birth injury.8

Primary cesarean section

1490/10,974 (13.6)

1837/11,127 (16.5)

Large-for-gestational-age
infants

Gestational hypertension or
preeclampsia

Two-Step
Screening
(N = 11,870)

no./total no. (%)

One-Step
Screening
(N = 11,922)

Randomized Group

Gestational diabetes¶

Outcome

Table 2. Primary Outcomes, According to One-Step or Two-Step Screening for Gestational Diabetes.*
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Table 3. Preplanned Secondary and Safety Outcomes.*
Outcome

One-Step Screening

Two-Step Screening

Relative Risk
(95% CI)†

no./total no. (%)
Secondary outcomes
Macrosomia, birth weight >4000 g
Small-for-gestational-age infants
Maternal gestational diabetes for which insulin or oral
hypoglycemic treatment warranted‡

1178/10,312 (11.4)

1186/10,275 (11.5)

0.99 (0.91–1.06)

937/11,028 (8.5)

892/10,986 (8.1)

1.05 (0.96–1.14)

783/1837 (42.6)

431/945 (45.6)

0.93 (0.87–1.03)

Neonatal respiratory distress

225/11,220 (2.0)

227/11,161 (2.0)

0.99 (0.82–1.18)

Neonatal jaundice for which treatment warranted

478/11,220 (4.3)

476/11,161 (4.3)

1.00 (0.88–1.13)

1034/11,220 (9.2)

838/11,161 (7.5)

1.23 (1.12–1.34)

56/11,252 (0.5)

64/11,192 (0.6)

0.87 (0.61–1.25)

Neonatal hypoglycemia
Components of perinatal composite outcome
Stillbirth
Neonatal death

7/11,220 (0.1)

12/11,161 (0.1)

0.58 (0.23–1.47)

239/11,250 (2.1)

223/11,182 (2.0)

1.07 (0.89–1.28)

Bone fracture

59/11,220 (0.5)

42/11,161 (0.4)

1.40 (0.94–2.07)

Nerve palsy

14/11,220 (0.1)

15/11,161 (0.1)

0.93 (0.45–1.92)

46/11,220 (0.4)

38/11,161 (0.3)

1.20 (0.78–1.85)

Admission to NICU

526/11,220 (4.7)

473/11,161 (4.2)

1.11 (0.98–1.25)

Preterm birth <37 wk of gestation

716/11,220 (6.4)

711/11,161 (6.4)

1.00 (0.91–1.11)

118/11,220 (1.1)

125/11,161 (1.1)

0.94 (0.73–1.21)

3675/11,755 (31.3)

3670/11,714 (31.3)

1.00 (0.96–1.04)

Shoulder dystocia

Safety outcomes
Neonatal sepsis

Preterm birth <32 wk of gestation
Induction of labor

*	The denominators vary according to the ascertainment method used for each outcome. The perinatal outcomes included pregnancies for
which information was available in the maternal record (stillbirth and shoulder dystocia) or in newborn records that were matched to maternal records. Reasons for unmatched newborn records include adopted infants, deliveries within and outside the health plan in which the newborn was covered by other insurance, deliveries outside the health plan and for which no reimbursement for newborn care was requested,
and instances in which the mother left the health plan before delivery and no information was available for the newborn. There were 702
unmatched newborn records in the one-step screening group and 709 unmatched newborn records in the two-step screening group. In 30
pregnancies in the one-step group and 21 pregnancies in the two-step group, there was a diagnosis of shoulder dystocia in the maternal record but no matching newborn record. In 32 pregnancies in the one-step group and 31 pregnancies in the two-step group, there was a diagnosis of stillbirth in the maternal record but no matching newborn record. For the outcomes of macrosomia and small-for-gestational-age
infants, unmatched newborn records were excluded, and birth weight was not available for 192 pregnancies in the one-step group and 175
pregnancies in the two-step group. Furthermore, macrosomia was estimated in newborns with a gestational age of more than 36 weeks.
Maternal gestational diabetes for which insulin was warranted included only women who had gestational diabetes. Induction of labor excluded women who left the health plan before delivery (167 women in the one-step group and 156 in the two-step group). NICU denotes
neonatal intensive care unit.
†	Relative risks are for the one-step group as compared with the two-step group. The widths of the confidence intervals have not been adjusted
to account for multiplicity and cannot be used to infer treatment effects.
‡	Of the 1214 pregnant women with class A2 gestational diabetes for which medication was warranted, 1092 (90.0%) received insulin and 64
(5.3%) received oral medication; 58 women (4.8%) received both.

not shown associations between maternal gestational diabetes and long-term child outcomes.33,34
Outcomes of the 6% of pregnancies in women
who did not undergo screening appeared to be
worse than those in either of the screened
groups. However, these findings are probably
explained at least in part by other differences
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between women who adhered to recommended
screening and those who did not.
Our trial has some limitations. The lower
adherence to the one-step approach biased the
findings toward the planned intention-to-treat
analyses.13 To address this, we extended the trial
and conducted additional intention-to-treat analy-
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ses with inverse probability weighting19,20; our
identification of prognostic factors associated
with adherence would be expected to increase
the validity of the these analyses. However, these
statistical methods may not fully account for
potential differences resulting from nonadherence. Another potential limitation of our trial is
that the sites used slightly different thresholds
for the glucose challenge test to determine
whether women in the two-step group should
receive an oral glucose-tolerance test; both blood
glucose level thresholds (130 mg per deciliter
and 140 mg per deciliter) are clinically recommended.1,9
We randomized assignment to a screening
approach as part of clinical care. Our research
team did not have control over what occurred
after the assignment was presented to the clinical provider, including whether the provider would
order the test and what clinical care women
would receive after screening; however, the same
guidelines for the treatment of gestational diabetes were used in both randomized groups.
This head-to-head design compared outcomes in
a “real-world” clinical setting in which virtually
the entire population at these trial sites was included, and we would expect results to be generalizable to similar settings. Owing to the overall
racial or ethnic makeup of these regions, Black
and American Indian women were not well represented in the trial sample. Given the pragmatic nature of the trial, the providers were
aware of the approach to screening and diagnoReferences
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