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IMPORTANCE Gestational diabetes is associated with several poor health outcomes.

OBJECTIVE To update the 2012 review on screening for gestational diabetes to inform
the US Preventive Services Task Force.

DATA SOURCES MEDLINE, EMBASE, and CINAHL (2010 to May 2020), ClinicalTrials.gov,
reference lists; surveillance through June 2021.

STUDY SELECTION English-language intervention studies for screening and treatment;
observational studies on screening; prospective studies on screening test accuracy.

DATA EXTRACTION AND SYNTHESIS Dual review of titles/abstracts, full-text articles, and study
quality. Single-reviewer data abstraction with verification. Random-effects meta-analysis
or bivariate analysis (accuracy).

MAIN OUTCOMES AND MEASURES Pregnancy, fetal/neonatal, and long-term health outcomes;
harms of screening; accuracy.

RESULTS A total of 76 studies were included (18 randomized clinical trials [RCTs] [n = 31241],
2 nonrandomized intervention studies [n = 1901, 56 observational studies [n = 261 678]).
Direct evidence on benefits of screening vs no screening was limited to 4 observational
studies with inconsistent findings and methodological limitations. Screening was not
significantly associated with serious or long-term harm. In 5 RCTs (n = 25 772), 1-step
(International Association of Diabetes and Pregnancy Study Group) vs 2-step (Carpenter and
Coustan) screening was significantly associated with increased likelihood of gestational
diabetes (11.5% vs 4.9%) but no improved health outcomes. At or after 24 weeks of
gestation, oral glucose challenge tests with 140- and 135-mg/dL cutoffs had sensitivities of
82% and 93%, respectively, and specificities of 82% and 79%, respectively, against
Carpenter and Coustan criteria, and a test with a 140-mg/dL cutoff had sensitivity of 85% and
specificity of 81% against the National Diabetes Group Data criteria. Fasting plasma glucose
tests with cutoffs of 85 and 90 mg/dL had sensitivities of 88% and 81% and specificities of
73% and 82%, respectively, against Carpenter and Coustan criteria. Based on 8 RCTs and 1
nonrandomized study (n = 3982), treatment was significantly associated with decreased risk
of primary cesarean deliveries (relative risk [RR], 0.70 [95% Cl, 0.54-0.91]; absolute risk
difference [ARD], 5.3%), shoulder dystocia (RR, 0.42 [95% Cl, 0.23-0.771; ARD, 1.3%),
macrosomia (RR, 0.53 [95% Cl, 0.41-0.68]; ARD, 8.9%), large for gestational age (RR, 0.56
[95% Cl, 0.47-0.66]; ARD, 8.4%), birth injuries (odds ratio, 0.33 [95% Cl, 0.11-0.99]; ARD,
0.2%), and neonatal intensive care unit admissions (RR, 0.73 [95% Cl, 0.53-0.99]; ARD,
2.0%). The association with reduction in preterm deliveries was not significant (RR, 0.75
[95% Cl, 0.56-1.01]).

CONCLUSIONS AND RELEVANCE Direct evidence on screening vs no screening remains limited.
One- vs 2-step screening was not significantly associated with improved health outcomes.

At or after 24 weeks of gestation, treatment of gestational diabetes was significantly
associated with improved health outcomes.
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estational diabetes is diabetes that develops during
pregnancy."? The prevalence of gestational diabetesin the
US has typically been estimated at 5.6% to 9.2% when
measured from 2007 to 20163 but may be up to 3-fold higher de-
pendingon the diagnostic criteria used.”® Gestational diabetes is usu-
ally asymptomatic but is associated with increased risk for several
pregnancy and neonatal complications.®
In 2014, the US Preventive Services Task Force (USPSTF)
recommended screening for gestational diabetes in asymptomatic
pregnant women after 24 weeks of gestation (B recommendation).'®
The USPSTF found that evidence was insufficient to screen
before 24 weeks of gestation (I statement). This evidence report
was conducted to update the 2012 review' to inform updated
USPSTF recommendations.

Methods

Scope of the Review

Detailed methods and additional study details are available in the
full evidence report.® Figure 1shows the analytic framework and key
questions (KQs) that guided the review. KQ5 is addressed only in the
fullreport. KQ3, comparing different screening strategies, was added
for this update. This review did not address screening for preexist-
ing or overt diabetes in early pregnancy.

Data Sources and Searches

Ovid MEDLINE and EMBASE, and CINAHL via EBSCOhost, were
searched from 2010 to May 22, 2020 (eMethods 1in the Supple-
ment). Clinical trial registries and reference lists (including the
2012 review) were reviewed. Ongoing surveillance was con-
ducted to identify major studies published since May 2020 that
may affect the conclusions or understanding of the evidence and
the related USPSTF recommendation.

Study Selection

Two investigators independently reviewed titles and abstracts,
then full-text articles using predefined eligibility criteria
(eMethods 2 in the Supplement). The population for screen-
ing and test accuracy was pregnant women without known
preexisting diabetes mellitus. For treatment, the population was
women with gestational diabetes or hyperglycemia. For benefits
and harms of screening, comparative effectiveness of screen-
ing approaches, and screening test accuracy, studies using
1-step (diagnostic test only) or 2-step (diagnostic test in women
with a positive screening test result) screening strategies at any
time during pregnancy were included (eMethods 3 in the Supple-
ment). In 2-step strategies, the screening test was measure-
ment of fasting plasma glucose level, a 50-g oral glucose challenge
test (OGCT), a risk factor-based tool, or glycated hemoglobin
(HbA,,) concentration. For benefits of screening and treatment,
comparisons were against no screening or treatment, respectively.
For harms of screening, studies comparing outcomes before and
after a gestational diabetes diagnosis or comparing women with
gestational diabetes aware of their diagnosis vs those unaware
were included. To evaluate potential labeling harms, studies on
receipt of delivery and perinatal interventions among women
diagnosed with gestational diabetes vs those without a diagnosis

JAMA August 10,2021 Volume 326, Number 6

USPSTF Review: Screening for Gestational Diabetes

were included. For accuracy, the reference standard was a cur-
rently recommended oral glucose tolerance test (OGTT), mainly
using Carpenter and Coustan, the National Diabetes Data Group,
or the International Association of Diabetes and Pregnancy Study
Group (IADPSG) Consensus Panel diagnostic criteria. Intermediate
and health outcomes are listed in Figure 1. Studies had to be pub-
lished on or after 1995 and conducted in settings applicable to pri-
mary care.

Randomized clinical trials (RCTs) and nonrandomized con-
trolled intervention studies were included for screening and treat-
ment; for screening vs no screening, controlled observational stud-
ies were also included because of anticipated lack of intervention
studies and to assess potential harms. For screening test accuracy,
prospective cohort studies in which at least a sample of screen-
negative women underwent the reference standard were in-
cluded. Studies on risk factor strategies or models had to examine
a validation cohort.

Data Extraction and Quality Assessment

One reviewer abstracted data from the studies; a second reviewer
verified accuracy and completeness. Outcomes related to hyper-
tensionin pregnancy were classified as preeclampsia, gestational hy-
pertension, or hypertensive disorders in pregnancy (mixed). For ce-
sarean delivery, primary (first) cesarean deliveries were prioritized,
but total and emergency cesarean rates were also evaluated. Two
reviewers independently assessed the methodological quality of eli-
gible studies using design-specific tools (eMethods 4 in the
Supplement).”*7® Disagreements were resolved by consensus and,
if necessary, consultation with a third reviewer. Studies were rated
as “good,” “fair," or "poor,” based on the seriousness of methodologi-
cal shortcomings.™

Data Synthesis and Analysis

For intervention effects using relative risks (RRs), meta-analyses
used random-effects models in Review Manager version 5.1
(The Cochrane Collaboration). When moderate or greater statistical
heterogeneity (> = 40%) was observed, sensitivity analysis was
performed using the profile likelihood method in Stata version 14.2
(StataCorp); these analyses did not change any of the conclusions, but
results are available in the full report® (and for KQ3 are reported in
eTables 3 and 4 in the Supplement). Pooled absolute risk differences
(ARDs) were calculated when RRs were statistically significant and for
all analyses with at least 1zero-event study. Heterogeneity was ex-
plored with sensitivity analyses using predefined variables (eg, study
quality, setting, differing outcome definitions); findings of within-
study subgroup analyses were extracted.

For diagnostic accuracy, analyses were stratified by timing of the
index test in pregnancy and comparison, including different test
thresholds. If more than 3 studies were included for a particular com-
parison, sensitivities and specificities were pooled using bivariate
analysis (metandi program in Stata version 14.2) with construction
of hierarchical summary receiver operator characteristic curves.

The aggregate strength of evidence was assessed for each
outcome, using the Agency for Healthcare Research and Quality
methods guidance, based on the number, quality, and size of stud-
ies and the consistency and precision of results between studies.”
Significance testing was 2-tailed; P = .05 was considered statisti-
cally significant.
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. |
Results

Across the KQs reported in this manuscript, a total of 76 studies were
included (18 RCTs [different screening strategies, n = 27196'82%;
treatment benefits and harms, n = 40452°-3%], 2 nonrandomized
controlled intervention studies of treatment [n = 190],3%” and 56
observational studies [screening benefits, n = 4336384!; screen-
ing harms, n = 166 082428, diagnostic accuracy, n = 91260%°°3])
(Figure 2). Twenty-three studies were carried over from the prior
USPSTF review and 52 new studies were added.

Benefits and Harms of Screening and Different Screening
Strategies

Key Question 1. Does screening for gestational diabetes reduce poor
health or intermediate outcomes? Does effectiveness vary accord-
ing to prespecified subgroups?

No RCTs or nonrandomized intervention studies were identi-
fied. Four retrospective observational studies (n = 4336)3%4 com-
pared women who underwent screening for gestational diabetes
with women who were not screened (eTable 1in the Supplement).
Two studies>®4° from the previous USPSTF review evaluating se-
lected women showed no significant effect of screening; however,
sample sizes were small and estimates imprecise. One new study
(n =1012)* found 1-step screening of at-risk women was signifi-
cantly associated with a reduction in late (=28 weeks of gestation)
stillbirth (adjusted odds ratio [OR], 0.68 [95% Cl, 0.47 t0 0.97]). The
other new study (n = 2780)3° found universal 2-step screening, with
early screening offered to women with risk factors, significantly as-
sociated with fewer cesarean deliveries (RR, 0.78 [95% Cl, 0.66 to
0.92]; ARD, -4.8% [95% Cl, -8.2% to -1.5%), birth injuries (frac-
ture or dislocation; RR, 0.47 [95% Cl, 0.23 to 0.97]; ARD, -0.9%
[95% Cl, -1.9% to 0.10%]), and admissions to the neonatal inten-
sive care unit (NICU) (RR, 0.67 [95% Cl, 0.58 to 0.78]; ARD, -8.7%
[95% Cl, -12.3% to -5.2%]) compared with historical controls. Pre-
specified analyses found screening in first trimester was signifi-
cantly associated with decreased likelihood of NICU admissions vs
second-trimester screening but with no significant difference for
other outcomes. Both new studies were susceptible to confound-
ing and selection bias.

Key Question 2. What are the harms of screening for and diagnosis
of gestational diabetes to the mother, fetus, or neonate?

All 7 studies*?*® identified for KQ2 were new to this update
(eTable 2in the Supplement). No significant differences were found
in anxiety and depressive symptoms before and after screening for
those with negative or false-positive results in 2 cohort studies
(n = 1015).%448 One study (n = 100)*? found that anxiety symp-
toms scores were slightly higher (6 points on 60-point scale;
P =.007) for women with vs without gestational diabetes immedi-
ately after receiving results but not significantly higher at gesta-
tional week 36 or 6 weeks postpartum.

One good-quality cohort study (n = 3778)*® found that the as-
sociation between macrosomia and cesarean delivery in women with
normoglycemia or untreated borderline gestational diabetes was not
observed inthose with treated gestational diabetes, suggesting that
a gestational diabetes diagnosis may have increased the propen-
sity to perform cesarean deliveries. Three large US studies
(n = 161182)***547 found some differences in hospital experi-
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ences (eg, adjusted OR, 0.55[95% Cl, 0.36 to 0.85] for fewer new-
borns staying in mother's room) potentially related to labeling be-
cause of a gestational diabetes diagnosis. However, there were
unmeasured potentially confounding factors such as rates of neo-
natal hypoglycemia, breastfeeding intentions, and varying hospital
policies.

Key Question 3. What is the comparative effectiveness of differ-
ent screening strategies for gestational diabetes on health and in-
termediate outcomes? Does comparative effectiveness vary ac-
cording to prespecified subgroups?

IADPSG vs Carpenter and Coustan Screening

Five RCTs (n = 25 772)?°2* examined universal screening at 24 to
28 weeks of gestation with the 1-step IADPSG vs 2-step Carpenter
and Coustan criteria (Table1). Three trials were rated fair quality and
22224 g00d quality. In the largest trial (n = 23 792),2° 25% of women
allocated to 1-step screening crossed over to 2-step screening, al-
though results remained similar in anintention-to-treat analysis ad-
justed for gestational diabetes and adherence. Of the women in this
trial's 2-step group, 1.4% received treatment despite having no di-
agnosis (only anisolated fasting glucose level =95 mg/dL), but the
authors' sensitivity analysis for the outcome of large for gestational
age showed no evidence that this reclassification affected results.
Data from another trial (n = 786)> were obtained from a system-
atic review®* and could not be verified.

One-step vs 2-step screening was significantly associated with
identification of gestational diabetes in 11.5% vs 4.9% of partici-
pants but was not significantly associated with differences in any
pregnancy or fetal/neonatal outcome (eTables 3 and 4, eFigures 1-3
in the Supplement). There was statistical heterogeneity in some
analyses in which a fair-quality trial>® found significant associations
favoring 1-step screening, whereas findings between 1 good-
quality trial** and the largest trial (fair quality)2° were similar. In the
largest trial, 1-step screening significantly increased risk for neona-
tal hypoglycemia vs 2-step screening, although this may have been
in part due to the routine surveillance of neonates with risk factors
including diagnosis of maternal gestational diabetes (eFigure 2 in the
Supplement). In 1trial (n = 921)2* in which all women randomized
to2-step screening underwent the 100-g OGTT (to assist with blind-
ing), 2-step screening was associated with significantly more testing-
related adverse events than 1-step screening (eg, reactive hypogly-
cemia, vomiting, nausea). However, these findings overestimated
harms of 2-step screening in clinical practice, in which only women
with anabnormal 50-g OGCT result would undergo the 100-g OGTT.

Early vs Usual Timing for Carpenter and Coustan Screening

One good-quality RCT (n = 922)"° enrolling obese women found early
(14 to 20 weeks) vs usual timing of screening with Carpenter and
Coustan criteria potentially associated with increased risk of pre-
eclampsia, but the difference was not statistically significant (RR, 1.42
[95% Cl, 0.991t02.05]; ARD, 4.0% [95% Cl, 0.0% t0 8.0%]). There
were no significant differences for other outcomes, although some
estimates were imprecise (eTables 3 and 4 in the Supplement).

Diagnostic Test Accuracy

Key Question 4. What is the diagnostic accuracy of commonly used
screening tests for gestational diabetes? Does accuracy vary accord-
ing to maternal subgroup characteristics?
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Across 45 prospective cohort studies on diagnostic accuracy,
mean sample size was 500 (range, 42-24 854), mean age was 28.8
years (range, 25-32.7), and mean body mass index (BMI, calculated
as weightin kilograms divided by height in meters squared) from 22
studies was 24.6 (range, 21.1-28.1). Studies were conducted in 25
countries. Seventeen studies (38%) were rated good quality and 28
(62%) fair quality. No study reported how accuracy varied accord-
ing to patient characteristics.

50-g Oral Glucose Challenge Test

eFigure 4 in the Supplement shows findings for the OGCT;
results from pooled analyses are summarized in eTable 5 in
the Supplement. Against Carpenter and Coustan criteria, at a
140-mg/dL cutoff, the pooled sensitivity and specificity (8 studies,
n = 6190)>3:60:69.73.76.81.83.90 \ware 81.9% (95% Cl, 68.3%
to 90.4%) and 81.8% (95% Cl, 71.2% to 89.1%), respectively.
Against the National Diabetes Data Group criteria (6 studies,
n = 5375),58:60.6772.8188 tha 140-mg/dL cutoff had a sensitivity of
85% (95% Cl, 72.0% to 92.6%) and specificity of 81.2% (95% Cl,
75.9% to 85.6%). Using a 135-mg/dL cutoff (4 studies,
n = 1554)69737683 ragylted in higher sensitivity (93.3% [95% ClI,
23.7% to 99.8%]; reference, Carpenter and Coustan criteria) but
lower specificity (78.9% [95% Cl, 53.3% to 92.5%]) than the
140-mg/dL cutoff. At a cutoff of 130 mg/dL, findings against
Carpenter and Coustan criteria were inconsistent from 3 studies
(n =1034) (eFigure 4 in the Supplement).®°7683 Sensitivity of the
OGCT against IADPSG criteria was low across all cutoffs in 2 good-
quality studies (n = 2091; eFigure 4 in the Supplement)®>’"; at a
140-mg/dL cutoff, specificity in those 2 studies was 81% and 93%.

Fasting Plasma Glucose

Against Carpenter and Coustan criteria, fasting plasma glucose ata cut-
off of 85 mg/dL was associated with sensitivity of 88% (95% Cl, 84%
to0 91%) and specificity of 73% (95% Cl, 46% to 90%) and at a cutoff
of 90 mg/dL with sensitivity of 81% (95% Cl, 75% to 85%) and speci-
ficity of 82% (95% Cl, 61% to 93%) (3 studies, n = 2233) (eTable 5in
the Supplement).5©76-83 Sensitivity was greater than 90%, al-
though specificity was low (<47%), at cutoffs of 80 mg/dL or less
(4 studies; n = 6781).°°737683 Against IADPSG criteria, at 24 weeks
of gestation or later, fasting plasma glucose testing with cutoffs of
80 mg/dL or less was associated with high sensitivity (most esti-
mates >90%) but low specificity (5 studies; n = 52 532).5274:80.92.93

HbA,. Concentration

Screening with HbA,. concentration was not associated with
both high sensitivity and specificity at any threshold (18
Studies)_51,54.56,57.63.64.66.70.74,75.77,78,82,85,86,88,89,91 Screening Wlth
HbA, at 24 weeks of gestation or after had sensitivity greater than
90% at cutoffs of 4.5% to 5.0% (Carpenter and Coustan [1 study;
n = 430]°' and National Diabetes Data Group [1study; n = 114]%%) or
4.6% to 4.7% (IADPSG [2 studies; n = 8191).6682|n a good-quality
study (n = 1158),>* early screening using 4.5% to 4.8% HbA,_ cut-
offs was associated with sensitivity greater than 95% vs National Dia-
betes Data Group criteria at 24 weeks of gestation or after.

Risk-Based Screening
Single studies found different risk-based tools (some in combination

with measurement of fasting plasma glucose level) associated with

JAMA August 10,2021 Volume 326, Number 6
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sensitivities of 83% to 98% against Carpenter and Coustan (n = 341),>3
National Diabetes Data Group (n = 3131),8' or IADPSG (n = 258)%2cri-
teria; however, specificity was highly variable (17% to 80%)).

Benefits and Harms of Treatment
Key Question 6. Does treatment of gestational diabetes during preg-
nancy reduce poor health and intermediate outcomes? Does effec-
tiveness vary according to maternal subgroup characteristics?
Eleven RCTs (n = 4045)?>3% and 2 nonrandomized controlled
intervention studies (n = 190)3¢3” addressed treatment of gesta-
tional diabetes. Mean sample size was 326 (range, 21-1000), mean
agewas 29.2 years (range, 26.3-32.6), and mean BMI was 28.4 (range,
22.9-34.5) (Table 2). Four studies?”28-32-34 were rated good quality
and the others fair quality.

Treatment at 24 to 28 Weeks of Gestation

Like the prior USPSTF review, 2 large good-quality RCTs
(n =1958)%”32 contributed a substantial proportion (40%-90%)
of the events for many analyses. Four new studies were
added?®3"3536 and 6 new publications®>1°° for 1 large previously
included trial®*? provided data for long-term outcomes or sub-
group analyses. Based on trial inclusion criteria, findings are most
applicable to adult women identified using 2-step screening,
though there were some differences across trials in eligibility cri-
teria, baseline glycemia, and treatment protocols (Table 2). Apart
from 1 trial®® that did not report data, weeks of gestation at deliv-
ery was similar between groups in all trials.

Treatment of gestational diabetes was significantly associated
with lower risk of primary cesarean deliveries vs no treatment
(3 studies; RR, 0.70 [95% Cl, 0.54 to 0.91]; /> = 0%; ARD, -5.3%
[95% Cl, -10.3% to -0.24%]).%>323® Treatment was also associ-
ated, though not significantly, with fewer preterm deliveries
(4 studies; RR, 0.75 [95% Cl, 0.56 to 1.01]; I? = 0%; ARD, -2.6%
[95% Cl, -4.9% to 0.02%])>"32->35 (Figure 3). There was no sig-
nificant association but marked inconsistency for preeclampsia
(Figure 4; 6 studies?>28:31:323536) gnd hypertensive disorders in
pregnancy (3 trials?”-323%); findings appeared sensitive to inclusion
of a trial®® from a country not rated as “very high" on the Human
Development Index (Figure 4). Treatment was not significantly
associated with reduced risk of gestational hypertension (2 trials>>>>;
some imprecision), total cesarean deliveries (8 trials2>2931:32:35),
emergency cesarean deliveries (1 trial?”), induction of labor (5
trials?>2728:323%) or maternal birth trauma (2 studies?”-°).

For fetal/neonatal outcomes, treatment was significantly asso-
ciated with lower risk of shoulder dystocia (4 trials; RR, 0.42 [95%
Cl, 0.23 to 0.77]; 1> = 0%; ARD, -1.3% [95% Cl, -4.3% to
-1.6%]),%>#”323%> macrosomia (8 studies; RR, 0.53 [95% Cl, 0.41to
0.68]; I = 42%; ARD, -8.9% [-12.0% to -5.9%]),2>#29:31:32.35.36
LGA (7 trials; RR, 0.56 [95% CI, 0.47 to 0.66]; I> = 0%; ARD, -8.4%
[95% Cl, -10.8% to -6.1%]),%5-28-3132:35:36 3nd NICU admissions (5
trials; RR, 0.73 [95% Cl, 0.53 to 0.99]; I* = 0%; ARD, -2.0% [95%
Cl, -4.5% to 0.5%]).26283132:36 Treatment was significantly associ-
ated with reduced risk of birth injury (eg, fracture or nerve palsies)
in 3 trials that reported at least 1 event (OR, 0.33 [95% CI, O.11 to
0.99]; 1> = 0%)?"?832 but not when including 4 zero-event trials
(ARD, -0.2% [95% Cl, -0.6% to 0.2%]).2729-3":32:3536 There was
no significant association between treatment and risk of mortality
(6 trials),?”29-32:3536 ragpiratory distress syndrome (2 trials),2”32
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Figure 3. Summary of Pooled Findings From Trials, Treated vs Untreated at 24 or More Weeks of Gestation (Key Question 6)

No.of  No.of women Relative risk Favors | Favorsno
Outcome trials Treatment Untreated (95% Cl) treatment : treatment 2, %
Preeclampsia (all) 6 42/1032 48/1052 0.99 (0.46-2.16) = 59
Preeclampsia (no non-VHDI) 5 24/693 40/691 0.60(0.35-1.01) ———®B——— 3
Gestational hypertension 2 38/815 45/816 0.82(0.54-1.25) —— 0
Hypertensive disorders in pregnancy (all) 3 126/1305 171/1326 0.85(0.50-1.43) —a—— 80
Hypertensive disorders in pregnancy (blinded and VHDI only) 2 99/966 155/965 0.64 (0.51-0.81) —a— 0
Cesarean delivery 8 638/1771 684/1812 0.95(0.83-1.08) —— 43
Primary cesarean delivery 3 81/561 113/553 0.70(0.54-0.91) —— 0
Emergency cesarean delivery 1 80/490 103/510 0.81(0.62-1.05) —a— NA
Induction of labor 5 338/1373 285/1410 1.18(0.92-1.52) - 45
Preterm delivery 4 69/965 92/968 0.75(0.56-1.01) —— 0
Maternal birth trauma 2 255/540 255/560 1.04(0.92-1.18) —— 0
Shoulder dystocia 3 15/1017 36/1027 0.42(0.23-0.77) <——@—— 0
Macrosomia (>4000 g) 8 164/1805 330/1839 0.53(0.41-0.68) —— 42
Large for gestational age 7 174/1654 322/1675 0.56 (0.47-0.66) —.— 0
NICU admissions 5 63/809 84/791 0.73(0.53-0.99) — 0
Respiratory distress syndrome 2 36/983 32/979 1.05(0.48-2.28) = 58
Any hypoglycemia 5 91/1118 80/1120 1.10(0.83-1.45) — 0
Hypoglycemia requiring intravenous treatment 2 60/981 58/979 1.02 (0.60-1.76) —a— 58
Hyperbilirubinemia 5 101/1288 119/1276 0.84 (0.65-1.08) —— 0
i T !
0.3 1 3

Relative risk (95% CI)

Details of each analyses, including study-level data and weighting, are available in the full report.® VHDI indicates Very High Human Development Index Country.

Figure 4. Meta-analysis of Trials: Preeclampsia, Treated vs Untreated Gestational Diabetes (Key Question 6)

Treated Untreated

Risk ratio Favors : Favors no
Source Events Total Events Total (95% ClI) treatment : treatment Weight, %
Bevier et al,2> 1999 2 35 1 48 2.74(0.26-29.07) 8.1
Deveer et al,36 2013 2 50 0 50 5.00(0.25-101.58) 5.5
Fadletal,28 2015 3 33 5 36 0.65(0.17-2.53) —_— 16.4
Kokanali et al,31 2014 5 99 9 102 0.57 (0.20-1.65) —_— 20.2
Landon et al,32 2009 12 476 25 455 0.46 (0.23-0.90) —— 26.0
Yang et al,35 2014 18 339 8 361 2.40(1.06-5.44) — 23.8
Total 42 1032 48 1052 0.99 (0.46-2.16) = 100.0
Heterogeneity: 12=0.49; x2=12.31 (P=.03); I2=59% [ e —
Test for overall effect: z=0.01 (P=.99) 0.1 1 10

Risk ratio (95% Cl)

All risk ratios from Mantel-Haenszel random-effects model.

neonatal hypoglycemia (total [5 trials]2%2%>"3235 or requiring intra-
venous treatment [2 trials]?”-32), hyperbilirubinemia (5
trials),26-2%32 or APGAR scores (2 trials),?”>! though results were
often heterogeneous, imprecise, or both.

Long-term follow-up of 1trial**°” found no significant associa-
tion between treatment for gestational diabetes vs no treatment
and maternal impaired fasting glucose, obesity, metabolic syn-
drome, or type 2 diabetes at 5 to 10 years. No study measured
effects of treatment on long-term quality of life, cardiovascular out-
comes, or mortality or major morbidity from type 2 diabetes.
Regarding long-term child outcomes, treatment of mothers for ges-
tational diabetes was not significantly associated with reduced risk
of overweight/obesity at 4 to 7 years (2 trials), 2’32290 obesity at 7
to 9 years (2 trials),223292192 impaired glucose tolerance (median,
9 years [1 trial])*>'°2 or impaired fasting glucose (median, 7-9 years

JAMA August 10,2021 Volume 326, Number 6

[2 trials]).2%3299102 Eyidence from 2 RCTs223299102 on |ong-term
risk of type 2 diabetes in children was too sparse to determine
effect of treatment.

Subgroup analyses from 1 trial* found no significant differ-
ences in effects of gestational diabetes treatment for several ma-
ternal and fetal outcomes based on timing of treatment initiation, '°°
race/ethnicity,®” severity of dysglycemia,®® or BMI.°® Across trials,
differences in gestational diabetes diagnostic criteria did not ap-
pear to affect findings or explain inconsistency.

Early Treatment vs Usual Care

Findings from 4 small trials (n = 21-95)39333437 of treatment for
gestational diabetes in early pregnancy (using HbA,. concentra-
tion or IADPSG criteria before 14 to 15 weeks of gestation) were
highly imprecise.
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Key Question 7. What are the harms of treatment of gestational
diabetes, including severe maternal and neonatal hypoglycemia,
delivery of neonates who are small for gestational age, and poor
long-term growth and development outcomes in the child?

Treatment offered at 24 weeks of gestation or later was not sig-
nificantly associated with increased risk of SGA (6 trials; n = 2646;
RR, 110 [95% Cl, 0.83 t01.47]).2>2731323 No trial reported on the
association between treatment and poor long-term growth and de-
velopment outcomes in childhood. Findings from small RCTs of early
treatment vs usual care were imprecise or did not report harms
(eg, maternal hypoglycemia).

|
Discussion

The findings in this evidence report are summarized in Table 3.
Direct evidence on the benefits of screening vs no screening
remains limited and consists of observational studies with method-
ological limitations. Few studies reported on harms from screening
or a diagnosis of gestational diabetes and those available were lim-
ited by imprecision and methodological limitations. There were no
significant associations between screening using 1-step IADPSG vs
2-step Carpenter and Coustan criteria, but some statistical hetero-
geneity was present (especially for neonatal hypoglycemia) and
estimates were heavily weighted by 1large trial?° that accounted
for 92% of patients.

Treatment vs no treatment was associated with reduced risk
for some pregnancy and several neonatal/fetal outcomes. Findings
are most applicable for hyperglycemia identified using 2-step
screening approaches and to adult (vs adolescent) women with
singleton pregnancies and without chronic hypertension or previ-
ous gestational diabetes. Most of the treatment interventions
relied on frequent self-monitoring of blood glucose levels and clinic
visits to monitor glucose targets, which could reduce applicability
of findings to women with limited or no insurance coverage, health
care access, or ability to perform self-monitoring. Results for cesar-
ean delivery and labor induction are difficult to interpret because of
differences in delivery practices. Findings are sparse for long-term
health outcomes from treatment and for all outcomes from early
treatment. No trial of treatment at 24 weeks of gestation or after
used oral medications; therefore, potential medication harms
would not have been captured.

This review differs from the 2012 USPSTF review" by including
additional evidence on potential harms of screening and gesta-
tional diabetes diagnosis; evaluating comparative effectiveness of
different screening strategies; and relying on more rigorous inclu-
sion criteria and applicable comparisons for test accuracy. Although
findings were generally consistent with those from the prior
review, there are some differences. New evidence resulted in
increased certainty regarding the accuracy of fasting plasma glu-
cose and HbA,_ levels as screening tests and the association
between treatment and improved outcomes, including reduced
risk of NICU admissions. Additional information on preeclampsia
and NICU admissions was obtained from authors of 1 trial,?’
enhancing handling of these data. Several publications from one of
the larger treatment trials*2 provided new evidence regarding lack
of effect for several subgroups and long-term outcomes. For the
new KQ on comparative effectiveness, several trials were located

JAMA August 10,2021 Volume 326, Number 6
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including 3 large trials'®2%2* and 1 very large trial?® from the US
examining highly applicable comparisons. The greater prevalence
in gestational diabetes diagnosis resulting from 1-step IADPSG vs
2-step Carpenter and Coustan screening, without associated ben-
efits, suggests potential overdiagnosis and overtreatment. In addi-
tion, the 1-step approach requires additional resources related to
having all women undertake a 2-hour OGTT and provision of coun-
seling and treatment to more women.

Evaluating the effectiveness of screening vs no screening
remains heavily reliant on indirect evidence about test accuracy
and treatment effects. Although evidence on diagnostic accuracy
is useful for assessing which screening tests may be most useful in
a 2-step approach, reliance on these tests alone would result in a
high number false-positive results (especially using lower cutoffs
with high sensitivity), particularly in general-prevalence popula-
tions (eTables 6 and 7 in the Supplement). In addition, the appli-
cability of treatment trials to women diagnosed with gestational
diabetes using the OGCT as a stand-alone test is uncertain. Ongo-
ing trials of treatment for women with positive OGCT screening
results but not gestational diabetes,'®® and for those with gesta-
tional diabetes by IADPSG criteria but excluding those with 2
abnormal glucose values,'®* would be useful to further inform
assessment of treatment benefits among women with lesser
degrees of dysglycemia.

Limitations

This review had several limitations. First, only English-language stud-
ies wereincluded.'® Second, graphical and statistical tests for small-
sample effects were not conducted because all analyses included
fewer than 10 trials.’©®

Third, the DerSimonian and Laird random-effects model was
used to pool studies, which may resultin Cls that are too narrow, par-
ticularly when heterogeneity is present.’®” However, results were
similar when analyses were repeated using the profile likelihood
method. Fourth, the observational studies included for KQs for which
trials were lacking were susceptible to unmeasured confounding and
other methodological limitations.

Fifth, some studies were conducted in countries in which
screening and treatment for gestational diabetes, as well as man-
agement of pregnancy, may differ from that in the US. However,
this review focused on screening and diagnostic criteria used in
the US, and results appeared consistent across geographic set-
tings. Sixth, data on how the effects of screening and treatment
varied according to patient characteristics such as race/ethnicity,
age, and other socioeconomic factors were very limited. Seventh,
studies that applied older definitions for gestational diabetes or
that did not screen for preexisting diabetes? may have included
some women with overt diabetes, who are expected to have
worse outcomes. '8

. |
Conclusions

Direct evidence on screening vs no screening remains limited. One-
vs 2-step screening was not significantly associated with improved
health outcomes. At or after 24 weeks of gestation, treatment of
gestational diabetes was significantly associated with improved
health outcomes.
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