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Abstract

Background: Gestational diabetes mellitus (GDM) is a common pregnancy complication that
increases the risk of adverse maternal and perinatal outcomes. While experts recommend universal
GDM screening, there is no consensus about which of two clinically recommended screening
approaches to use.

Methods: We performed a pragmatic randomized trial comparing 1-step fasting 75g oral glucose
tolerance testing (OGTT) with 2-step screening (non-fasting 50g glucose challenge, followed

by 100g OGTT if positive) among all pregnant women treated in 2 health systems. Primary
outcomes were GDM diagnosis, large-for-gestational-age infants; a perinatal composite consisting
of stillbirth, neonatal death, shoulder dystocia, bone fracture, or any upper extremity nerve palsy
related to birth injury; gestational hypertension/preeclampsia; and primary cesarean section.

Results: A total of 23,792 women were randomized. Adherence to randomization was 66%

in the 1-step arm and 92% in the 2-step arm. GDM incidence was 16.5% among women
randomized to the 1-step approach, versus 8.5% with the 2-step approach [unadjusted relative risk
(RR)=1.94, 95% CI 1.79-2.11]. In intention to treat analyses, there were no significant differences
between groups in any primary outcome [large for gestational age: 8.9% vs. 9.2%, RR(95%CI)
0.95 (0.87-1.05); perinatal composite: 3.1% vs. 3.0%, 1.04 (0.88-1.23); gestational hypertension/
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preeclampsia: 13.6% vs. 13.5%, 1.00 (0.93-1.08); primary c-section: 24.0% vs. 24.7%, 0.98
(0.93-1.02)]. Results were materially unchanged in inverse-probability weighted intention-to-treat
analyses accounting for differential adherence to screening approaches.

Conclusions: Despite a doubling in the incidence of GDM diagnosis with the 1-step approach,
there were no significant between-group differences in the risks of any primary outcome.

INTRODUCTION

Gestational diabetes (GDM), one of the most common complications of pregnancy,!-2 affects
6-25% of pregnant women (depending on diagnostic criteria)3 and is associated with
increased risk of stillbirth and neonatal death, as well as multiple serious morbidities for
both the mother and baby.! Fetal overgrowth from GDM is associated with increased risk
for birth trauma (e.qg., brachial plexus injury or clavicular fracture) and of cesarean section
(c-section) to avoid such trauma.’:> Universal GDM screening is recommended at 24-28
weeks’ gestation,® as there is randomized controlled trial evidence that GDM treatment
improves maternal and perinatal outcomes.”-8

There is no scientific consensus on how best to diagnose GDM. Expert professional
organizations acknowledge two acceptable options: the International Association of the
Diabetes and Pregnancy Study Groups (IADPSG) 1-step screening approach (currently
preferred by the American Diabetes Association), and the 2-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:® Each approach has advantages and disadvantages.2:® The 1-step approach
involves a 2-hour oral glucose tolerance test (OGTT) for all participants: while 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 2-step approach includes an initial non-fasting
1-hour glucose challenge test, which is logistically simpler for patients, and can easily be
done as part of a scheduled prenatal visit; most women do not require further screening.
However, approximately 20% of patient fail this screening and must return for a 3-hour
fasting diagnostic OGTT.10:11 The methods also have different diagnostic cutoffs: the 1-step
approach identifies women with milder hyperglycemia as having GDM. 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 GDM on these outcomes
are not known.12.10 The National Institutes of Health 2013 GDM consensus conference
recommended that a randomized trial compare these approaches with respect to clinically
important outcomes.10

We conducted a pragmatic randomized clinical trial (RCT), ScreenR2GDM, among pregnant
women receiving care at Kaiser Permanente Northwest and Hawaii , to compare rates of
GDM diagnosis and maternal and neonatal outcomes with the 1-step versus 2-step approach
to screening and diagnosis of GDM.
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METHODS

Trial Design and Oversight

The ScreenR2GDM design and population characteristics were published previously.13 All
pregnant women treated at Kaiser Permanente Northwest and Hawaii were randomized

to either 1-step or 2-step GDM screening and diagnosis. Institutional Review Boards at
both institutions approved the RCT including waivers for individual consent; the rationale
was that both approaches are minimal risk and 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 Safety
Monitoring Board provided study oversight (See Supplemental Appendix [SA] Section
S2.1). and conducted one mid-trial data review.13 All authors were involved in implementing
the trial, gathering data, the decision to publish, and gave critical intellectual feedback
interpreting analyses and revising the manuscript; the second author (KP) analyzed the data;
the first and second authors (TH and KP) vouch for the accuracy of all data and analyses
including the fidelity of the report to the protocol and statistical analysis plan. The protocol
and statistical analysis plan are available at NEJM.org.

Randomization

All pregnancies were randomly assigned to the 1-step or 2-step approach (1:1 ratio) at

their first prenatal visit using an electronically-generated random assignment procedure; this
assignment was presented to the provider within the electronic medical record at the time

of ordering GDM screening (typically 24-28 weeks’ gestation).13 If screening was ordered
more than once, the same assigned test was presented to providers each time. Randomization
was implemented independently within each region’s EMR system on May 28, 2014 in
Kaiser Permanente Northwest (first patient enrolled June 3, 2014) and on July 7, 2014 in
Kaiser Permanente Hawaii. Randomization continued in both regions through December 31,
2017; outcomes were collected through delivery (2014-2018).

Owing to the pragmatic trial design, providers could not be blinded to randomization. All
investigators and study staff, except statisticians, were blinded to all trial data except overall
adherence rates until randomization was completed for all patients.

GDM Screening and Diagnosis Approaches

The 1-step approach consisted of a fasting 759 2-hour OGTT. Women were diagnosed with
GDM if any of the following glucose thresholds were met: fasting = 92 mg/dl; 1hr > 180
mg/dl; 2hr > 153 mg/d1.° In the 2-step approach, the first (screening) step was a nonfasting
50g, 1-hour glucose challenge test (GCT).1 Women with GCT = 200 mg/dL are considered
to have GDM and do not undergo further testing.11 Women with a positive GCT (=130
mg/dl at Kaiser Permanente Northwest; >140mg/dl at Kaiser Permanente Hawaii) below 200
mg/dl underwent diagnostic 100g 3-hour OGTT. GDM was diagnosed if two or more of four
glucose thresholds were met: fasting = 95 mg/dl; 1hr = 180 mg/dl; 2hr = 155 mg/dl; and/or
3hr = 140 mg/dl).! GDM treatment was based on the same national practice guidelines
regardless of screening approachl:14 (see SA Section S2.5).
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Study Outcomes

We prespecified 5 primary outcomes (not listed in order of importance) based on

prior research.”8:12 These included : GDM diagnosis; large-for-gestational age (LGA;
birthweight > 90 percentile) infants;’:8:12.15 a composite measure of perinatal outcomes
(stillbirth, neonatal death, shoulder dystocia, bone fracture, and/or any upper extremity
nerve palsy related to birth injury);8 primary c-section;”:8:12 and gestational hypertension/
preeclampsial:’8:16 (see Table S1 for variable definitions).

Secondary outcomes were incidence of macrosomia (>4,000g);”:8 small for gestational

age (SGA; birthweight < 10t percentile) infants;”:8:1> maternal GDM requiring insulin or
oral hypoglycemic treatment;! neonatal respiratory distress;’8 neonatal jaundice requiring
treatment;’ neonatal hypoglycemia;’8 and the individual components of the composite
perinatal outcome8 (See Table S1 for definitions). Neonatal hypoglycemia screening
practices were consistent with the American Academy of Pediatrics guidelines that advise
screening neonates with risk factors for hypoglycemia within 24 hours of birth;17-18 newborn
screening in both regions is done by a heel stick with point of care glucose testing in the
delivery room or nursery. Safety outcomes were neonatal sepsis, neonatal intensive care
unit (NICU) admission, pre-term birth (<37 and <32 weeks’ gestation), and induction of
labor (See Table S1 for definitions). Primary, secondary and safety outcomes were assessed
for subgroups of participants diagnosed with GDM (prespecified) and unscreened (post hoc
analyses).

Statistical Methods

We originally estimated a sample size of 17,626 pregnancies in order to provide 80% power
to detect a relative between-group difference of 20% for all primary outcomes except the
composite perinatal outcome, for which we would be powered to detect a 40% difference, at
a two-sided significance level of 0.05. However, early monitoring of randomization fidelity
revealed that at both sites, a higher proportion of those randomized to 1-step screening
received 2-step screening than the reverse.13 Providers reported that this was partly due to
efforts to ensure screening by conducting the non-fasting 2-step GCT 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 adequate sample size had been achieved among those receiving the 1-step approach,13
and to include additional statistical analyses to account for non-adherence (see below and
SA Section $2.11.1).13.19.20

We estimated relative risks of each primary outcome between the two study arms using
generalized linear log-binomial models with adjustment for correlated errors due to multiple
pregnancies per woman. The Quasi-likelihood information criterion was used to confirm
working correlation structure and variable selection.?!

Planned ITT analyses used an unadjusted model comparing pregnancy outcomes between
randomly assigned groups, as well as models adjusting for GDM diagnosis, group-by-

diagnosis interaction, and other covariates that may modify the relationship of group with
each outcome including excessive gestational weight gain based on National Academy of

N Engl J Med. Author manuscript; available in PMC 2022 April 26.
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Medicine guidelines,?2:23 as this is independently related to several outcomes.?4-26 The
GDM by group interaction was not significant for any outcome. Thus final adjusted models
included GDM, pre-planned covariates, and factors related to non-adherence. To further
account for non-adherence to randomized assignment, we conducted inverse probability (1P)
weighted ITT analyses, 1920 in which pregnancies were assigned stabilized weights based on
modeled probability of adhering to the assigned approach (See Figure 1).13

We also conducted sensitivity analyses, including multiple imputation, to account for
missing data (Section S2.11.3 and Tables S3-S4). Our statistical analysis plan (SAP)
pre-specified 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 confidence intervals have not been adjusted to account for the
multiplicity of outcomes assessed, these should not be used to infer definitive effects of

one versus the other screening approach. All analyses were performed using SAS Statistical
Analysis System version 9.4 (SAS Institute, Cary, NC).

Trial Population

Overall, 23,792 eligible pregnancies were randomized to 1-step or 2-step GDM screening
(see Figure 1); 94% of those eligible completed GDM screening. Adherence to the
randomized arm was 66% in the 1-step arm and 92% in the 2-step arm. Baseline
characteristics of the 2 groups are presented in Table 1.

Primary Outcomes

GDM was diagnosed in 16.5% of pregnancies randomized to the 1-step approach and 8.5%
randomized to the 2-step approach (RR=1.94, 95% CI 1.79-2.11). In ITT analyses, the
incidences of other primary outcomes did not significantly differ between those randomized
to 1-step vs. 2-step [LGA: 8.9% vs. 9.2%, RR(95%CI) 0.95 (0.87-1.05) ; perinatal
composite: 3.1% vs. 3.0%, 1.04 (0.88-1.23) ; gestational hypertension/preeclampsia: 13.6%
vs. 13.5%, 1.00 (0.93-1.08); primary c-section: 24.0% vs. 24.7%, 0.98 (0.93-1.02)], even
after adjustment for GDM, pre-planned, and adherence-related covariates (Table 2). Results
of the IP-weighted analyses were similar to those of the ITT analyses (Table 2).

Secondary, Safety, and Subgroup Outcomes

There were no significant differences between groups in any secondary or safety outcomes.
(Table 3).

There were no significant differences in outcomes between groups in a prespecified analysis
limited to women diagnosed with GDM (Table S7). In 39% of 1-step GDM cases, diagnosis
was based on isolated fasting plasma glucose (FPG) alone, and half of these cases met
criteria by an isolated FPG in the 92-94 mg/dl range, meaning that their glucose levels

at diagnosis were within treatment goals (FPG <95 mg/dl)1. Among women with GDM,
percentages of women treated with insulin or hypoglycemic medication were similar for the
1-step versus 2-step approach (42.6% vs 45.6%, respectively; Table 3).

N Engl J Med. Author manuscript; available in PMC 2022 April 26.
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Baseline information and outcomes of pregnancies without any GDM screening (post hoc
subgroup, n=1,450) are shown in Tables S8 and S9).

DISCUSSION

In this pragmatic head-to-head RCT of the two clinically recommended GDM screening
approaches, 1 there were no significant differences in maternal or perinatal outcomes
between pregnancies (n=23,792) randomized to receive 1-step or 2-step screening as part

of their clinical care, despite twice as many women having been diagnosed with GDM by
the 1 -step, versus 2-step approach. There was lower adherence screening by the fasting
1-step approach, but results were similar in analyses accounting for differences in adherence.

Our finding that 16.5% of women were diagnosed with GDM by the 1-step approach is
consistent with prior research using the same criteria.*® RCT evidence showing a benefit

of GDM treatment is limited to trials using the 2-step approach;’-® no previous studies have
addressed whether or not treating more women based on the 1-step approach yields better
outcomes. While we did not find increased harms associated with diagnosing and treating
many more many women with the 1-step approach, some retrospective observational cohort
studies have found higher rates of primary cesarean delivery?” and neonatal hypoglycemia28
with 1-step screening following conversion from 2-step protocols, with no substantive
improvement in outcomes.2’-29 In addition to potential harms, the burden to individual
women of GDM diagnoses by these milder criteria, and the burden to the system of treating
many more women, should be considered. On the other hand, some studies have found

that maternal GDM may be a risk factor for childhood obesity and metabolic sequelae, so
treating more women could potentially have long-term benefits.3%-32 However, other studies
have failed to find associations between maternal GDM and long-term child outcomes.33:34,

Limitations of our trial should be noted. The lower adherence to the 1-step approach resulted
in a bias to planned ITT analyses.13 To address this, we extended the trial and conducted
additional IP-weighted ITT analyses;19-20 our identification of prognostic factors associated
with adherence would be expected to increase validity of the IP-weighted ITT analyses.
However, these statistical methods may not fully account for potential differences due to
non-adherence. Another potential limitation of our study was that the sites used slightly
different GCT thresholds to determine whether 2-step patients should receive OGTT; both
thresholds (130 mg dI or 140 mg/dl) are clinically recommended,’:9 see SA Section 2.5 for
more details.

We randomized assignment to screening approach as part of clinical care; our research

team did not have control over what occurred after the randomized screening test was
presented to the clinical provider, including whether the provider would order the test and
what clinical care patients would receive following screening. This head-to-head design
compares outcomes in a “real-world” clinical setting in which virtually the entire population
of these study sites was included, and we would expect results to be generalizable to similar
settings. Owing to the overall racial/ethnic makeup of these regions, African American and
Native American women are not well-represented in the study sample. Given the pragmatic
nature of the trial, we did not blind providers to the approach to screening and diagnosis,

N Engl J Med. Author manuscript; available in PMC 2022 April 26.
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and we cannot rule out the possibility that provider awareness of the approach affected
some outcomes. An ongoing randomized trial (NCT02309138) involving 921women whose
diagnosis of GDM is based on 2-step testing using either IADPSG or Carpenter and Coustan
criteria, in which providers remain blinded to the criteria used, is expected to provide more
information on outcomes according to diagnostic criteria for GDM).3536

In summary, in this large randomized trial, 1-step screening, as compared with 2-step
screening, doubled the incidence of GDM diagnosis but did not result in lower risks of LGA,
adverse perinatal outcomes, primary c-section, or gestational hypertension/preeclampsia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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35,579 Pregnant women

without pre-existing diabetes

randomized at 1st prenatal visit

for gestational diabetes screen-

ing as part of their clinical care*
11,787 Were excluded iff
Miscarriage (96.0%)

_| Multiple gestation (4.6%)
~| Maternal age <18 years old (3.5%)
Prior bariatric sugery (1.0%)
Changed insurance (7.0%)
A
23,792 Randomized pregnancies
eligible for GDM screening?
Y Y
11,992 Randomized to 1-step 11,870 Randomized to 2-step
1,503 Did not receive either
randomized test®
v v v v
7,880 Received 3,247 Received 10,881 Received 281 Received

assigned 1-step

alternate 2-step

assigned 2-step

alternate 1-step

Figure 1: Consort Diagram of Randomization of GDM Screening Methods and Analytical
Comparison Groups
*All pregnancies were randomized to 1-step or 2-step GDM screening strategies within the

EMR as part of clinical care at their first prenatal visit. The 1 step (75g 2 hour OGTT)
approach diagnosed GDM based on IADPSG criteria,® and the 2-step screening approach by
Carpenter and Coustan criteria.
TPercentages do not add up to 100% as some pregnancies met multiple exclusion criteria.
The major reason for exclusion was miscarriage (as randomization occurred at the 15t
prenatal visit, in many cases this visit also determined non-viability, or miscarriage, on

the same day of randomization and before any GDM screening was ordered); terminations
were also included in this exclusion category. Change of insurance during pregnancy was an
exclusion as we were unable to evaluate outcomes in these pregnancies.
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*Intention-to-treat analyses (ITT) were planned. Due to unanticipated lower adherence to the
fasting 1-step at both sites, we continued randomizing until we enrolled enough pregnancies
with 1-step screening to have adequate statistical power, and conducted additional analyses -
inverse probability (IP) weighted ITT - both with and without adjustment for factors related
to non-adherence.13.19.20 Factors related to lower adherence included both maternal and
provider characteristics as well as provider reliance on non-fasting tests to ensure that GDM
screening was completed at a visit.13 These pragmatic barriers to adherence could not be
adequately addressed without putting patients at risk of not receiving GDM screening.
8Among the 1,503 pregnancies that did not receive either 1-step or 2-step screening, 1,450
(6.1%) were unscreened (778 [6.5%] randomized to 1-step and 672 (5.7%) randomized to
2-step), and these pregnancies presented on average at a mean of 18.9 weeks’ gestation
compared to 10.5 weeks for pregnancies with screening. There were also 53 pregnancies that
had other clinically recommended screening in the first trimester (HbAlc or FPG)? but did
not have either randomized GDM screening approach.
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