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OFFICIAL
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Please also find an editorial in the Lancet DE re:GDM is not just about cutoffs

And an editorial about early GDM and precision medicine
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David
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of nausea and vomiting with the 100 g glucose load8 
and the ethnic variation in glucose profile on the OGTT,9 
the study by Bardugo and colleagues6 raises important 
questions over the consistency, validity, and patient-
centredness of the O’Sullivan-derived approaches to the 
diagnosis of gestational diabetes. With the upcoming 
findings from studies of diagnosing gestational diabetes 
before 24–28 weeks’ gestation,10 we must review all the 
current diagnostic approaches to gestational diabetes 
and determine a common approach to diagnosing 
hyperglycaemia in pregnancy.
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From the Liggins Institute (C.A.C., D.S., 
C.J.M.), the Department of Obstetrics 
and Gynaecology (L.M.E.M.), and the 
School of Population Health (R.E.), Uni-
versity of Auckland, Auckland, New Zea-
land; and Osteoporosis and Bone Biolo-
gy, Garvan Institute of Medical Research, 
Sydney (T.T.). Dr. Crowther can be con-
tacted at  c . crowther@  auckland . ac . nz or 
at the Liggins Institute, University of 
Auckland, Bldg. 503, Level 2, 85 Park Rd., 
Auckland 1142, New Zealand.

*The members of the GEMS Trial Group 
are listed in the Supplementary Appen-
dix, available at NEJM.org.
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BACKGROUND
Treatment of gestational diabetes improves maternal and infant health, although 
diagnostic criteria remain unclear.

METHODS
We randomly assigned women at 24 to 32 weeks’ gestation in a 1:1 ratio to be 
evaluated for gestational diabetes with the use of lower or higher glycemic criteria 
for diagnosis. The lower glycemic criterion was a fasting plasma glucose level of 
at least 92 mg per deciliter (≥5.1 mmol per liter), a 1-hour level of at least 180 mg 
per deciliter (≥10.0 mmol per liter), or a 2-hour level of at least 153 mg per deciliter 
(≥8.5 mmol per liter). The higher glycemic criterion was a fasting plasma glucose 
level of at least 99 mg per deciliter (≥5.5 mmol per liter) or a 2-hour level of at least 
162 mg per deciliter (≥9.0 mmol per liter). The primary outcome was the birth of 
an infant who was large for gestational age (defined as a birth weight above the 
90th percentile according to Fenton–World Health Organization standards). Sec-
ondary outcomes were maternal and infant health.

RESULTS
A total of 4061 women underwent randomization. Gestational diabetes was diag-
nosed in 310 of 2022 women (15.3%) in the lower-glycemic-criteria group and in 
124 of 2039 women (6.1%) in the higher-glycemic-criteria group. Among 2019 
infants born to women in the lower-glycemic-criteria group, 178 (8.8%) were large 
for gestational age, and among 2031 infants born to women in the higher-glyce-
mic-criteria group, 181 (8.9%) were large for gestational age (adjusted relative risk, 
0.98; 95% confidence interval, 0.80 to 1.19; P = 0.82). Induction of labor, use of 
health services, use of pharmacologic agents, and neonatal hypoglycemia were 
more common in the lower-glycemic-criteria group than in the higher-glycemic-
criteria group. The results for the other secondary outcomes were similar in the 
two trial groups, and there were no substantial between-group differences in ad-
verse events. Among the women in both groups who had glucose test results that 
fell between the lower and higher glycemic criteria, those who were treated for gesta-
tional diabetes (195 women), as compared with those who were not (178 women), had 
maternal and infant health benefits, including fewer large-for-gestational-age infants.

CONCLUSIONS
The use of lower glycemic criteria for the diagnosis of gestational diabetes did 
not result in a lower risk of a large-for-gestational-age infant than the use of 
higher glycemic criteria. (Funded by the Health Research Council of New Zea-
land and others; GEMS Australian New Zealand Clinical Trials Registry number, 
ACTRN12615000290594.)

Lower versus Higher Glycemic Criteria for Diagnosis  
of Gestational Diabetes

Caroline A. Crowther, M.D., Deborah Samuel, B.Ed., Lesley M.E. McCowan, M.D., Richard Edlin, Ph.D., 
Thach Tran, Ph.D., and Christopher J. McKinlay, Ph.D., for the GEMS Trial Group*  

CME
at NEJM.org
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Gestational diabetes mellitus is a 
major worldwide health problem1 with 
immediate2 and lifelong implications for 

the affected woman3,4 and her infant.5 Pregnancy-
related risks include high rates of induced labor, 
cesarean delivery, preeclampsia, and birth of a 
large-for-gestational-age infant.2

Gestational diabetes exposes the unborn baby 
to an abnormal metabolic environment with ex-
cessive nutrient availability,6 which may lead to 
fetal overgrowth. Infants are more likely to be born 
large for gestational age and have an increased risk 
of operative birth, shoulder dystocia, and birth in-
juries. Other neonatal complications include lung 
disease, jaundice, and hypoglycemia.7,8

Management of gestational diabetes that in-
cludes nutritional therapy, blood glucose moni-
toring, and as-needed pharmacologic treatment 
reduces the risk of a serious perinatal outcome, 
birth of a large-for-gestational-age infant, shoul-
der dystocia, and preeclampsia.7,8 However, there 
is worldwide controversy concerning the degree 
of maternal hyperglycemia needed to diagnose 
gestational diabetes, and diagnostic criteria vary 
globally.9-16

The criteria recommended for the diagnosis 
of gestational diabetes in New Zealand17 were 
developed by the Australasian Diabetes in Preg-
nancy Society through a consensus process.10 After 
the Hyperglycemia and Adverse Pregnancy Out-
comes (HAPO) cohort study,18 the International 
Association of Diabetes in Pregnancy Study Groups 
(IADPSG) recommended new diagnostic criteria 
— also developed through a consensus process 
— with a lower glycemic threshold for gesta-
tional diabetes.15 Professional organizations vary 
in their adoption of these lower glycemic criteria, 
with some in favor11,15,16 and others not14,17,19,20 or 
in favor of the new criteria but supporting ad-
ditional criteria as well.9,13 Many organizations 
have suggested that further randomized trials 
are warranted to assess the effect of using lower 
glycemic criteria for the diagnosis of gestational 
diabetes.16,17,19-22

Lower glycemic criteria for the diagnosis of 
gestational diabetes15,16 would detect more wom-
en with milder disease than the diagnostic crite-
ria with a higher glycemic threshold currently in 
use.10,17 We now report the primary results of the 
Gestational Diabetes Mellitus Trial of Diagnostic 
Detection Thresholds (GEMS), which was con-
ducted to assess whether the detection of gesta-
tional diabetes with the use of the lower glyce-

mic criteria, with subsequent treatment, would 
lead to lower perinatal morbidity without higher 
maternal health-related risk than such detection 
and treatment with the higher glycemic criteria; 
an additional objective was to determine differ-
ences in the use of health services between the two 
trial groups.

Me thods

Trial Design and Oversight

This randomized trial was conducted within the 
area of two district health boards that provide 
primary to tertiary maternity care in New Zea-
land — Counties Manukau Health and Auckland 
District Health Board. The trial protocol was 
approved by the Northern B Health and Disabil-
ity Ethics Committee and is available with the 
full text of this article at NEJM.org. The steering 
group designed and oversaw the trial. An inde-
pendent data monitoring committee reviewed trial 
safety and progress. No interim analyses were 
undertaken. Neither the funding sources nor the 
author-affiliated institutions had any role in the 
design of the trial; the collection, analysis, and 
interpretation of the data; the writing of the manu-
script; or the decision to submit the manuscript 
for publication. The penultimate author analyzed 
the data, and the first and penultimate authors 
vouch for the accuracy and completeness of the 
data and for the fidelity of the trial to the proto-
col. The first author wrote the first draft of the 
manuscript, and all the authors reviewed the drafts 
and made the decision to submit the manuscript 
for publication.

Participants

Women with a singleton pregnancy receiving an-
tenatal care within the two district health boards 
were eligible if they had a 75-g oral glucose-toler-
ance test (OGTT) for gestational diabetes at 24 to 
32 weeks’ gestation and provided written informed 
consent. Women with diabetes mellitus or a his-
tory of gestational diabetes were ineligible. Care-
givers and researchers provided trial information 
to potentially eligible women in midpregnancy 
when testing for gestational diabetes was con-
sidered.

Randomization and Treatment Strategies

Eligible women were randomly assigned in a 1:1 
ratio to be evaluated for gestational diabetes with 
lower or higher glycemic criteria for diagnosis. 

A Quick Take 
is available at 

NEJM.org



n engl j med 387;7 nejm.org August 18, 2022 589

Glycemic Criteria for Diagnosis of Gestational Diabetes

The lower glycemic criterion was a fasting plasma 
glucose level of at least 92 mg per deciliter (≥5.1 
mmol per liter), a 1-hour level of at least 180 mg 
per deciliter (≥10.0 mmol per liter), or a 2-hour 
level of at least 153 mg per deciliter (≥8.5 mmol 
per liter).15,16 The higher glycemic criterion was a 
fasting plasma glucose level of at least 99 mg per 
deciliter (≥5.5 mmol per liter) or a 2-hour level 
of at least 162 mg per deciliter (≥9.0 mmol per 
liter).10,17 Randomization was performed through 
a central computerized system, and the random-
ization sequence, prepared by a nonclinical re-
searcher, used balanced variable blocks with strat-
ification according to district health board and 
body-mass index (the weight in kilograms divided 
by the square of the height in meters; <25 or ≥25).

Women with OGTT results that did not indi-
cate gestational diabetes according to the diag-
nostic criteria to which they were assigned were 
informed that they did not have the condition 
and received routine pregnancy care. Women with 
OGTT results that indicated gestational diabetes 
according to the diagnostic criteria to which they 
were assigned were informed that they had the 
condition and received usual care for gestational 
diabetes that included nutritional therapy, blood 
glucose monitoring, and as-needed pharmaco-
logic treatment.17 After birth, each infant received 
care according to the protocol of the given hos-
pital. Research personnel collected data from 
health records. The trial participants, caregivers, 
and researchers were unaware of the trial-group 
assignments.

Trial Outcomes

The primary outcome was the birth of an infant 
who was large for gestational age (defined as a 
birth weight above the 90th percentile according 
to Fenton–World Health Organization standards).23 
Prespecified secondary outcomes for the infant 
before hospital discharge were other anthropo-
metric measures at birth (weight, length, head 
circumference, and associated z scores for each; 
large-for-gestational-age status according to cus-
tomized New Zealand standards24; small-for-ges-
tational-age status [birth weight below the 10th 
percentile according to population23 and custom-
ized New Zealand standards24]; and macrosomia 
[birth weight, ≥4 kg]); gestational age at birth; 
preterm birth (<37 weeks’ gestation); a composite 
of serious health outcomes (perinatal death, birth 
trauma [nerve palsy or bone fracture], or shoulder 
dystocia)7; an Apgar score of less than 4 at 5 min-

utes; other infant-related complications including 
type and severity of lung disease, use of respira-
tory support, hypoglycemia warranting treatment 
(defined as a blood glucose level of <47 mg per 
deciliter [<2.6 mmol per liter]), hyperbilirubine-
mia warranting phototherapy (as determined by 
the treating clinician), documented systemic in-
fection in the first 48 hours after birth, seizures 
occurring in the first 24 hours after birth or 
leading to the use of two or more drugs for con-
trol, tube feeding for more than 4 days, and neo-
natal encephalopathy25; and use of health services 
including admission to an intensive care unit 
and duration and length of postnatal stay. Pre-
specified secondary outcomes for the participat-
ing women were a composite of serious health 
outcomes up to postnatal hospital discharge26; 
preeclampsia; induction of labor; mode of birth; 
postpartum hemorrhage (≥500 ml); gestational 
weight gain; pharmacologic treatment for gesta-
tional diabetes; maternal infectious complica-
tions including chorioamnionitis that led to the 
use of antibiotics during labor and puerperal 
sepsis that led to the use of antibiotics; breast-
feeding at hospital discharge; and use of health 
services, including health professional visits, 
specialist care for diabetes, antenatal admission 
to a hospital and length of stay, and length of 
postnatal stay.

Statistical Analysis

Assuming a 10% loss to follow-up, we estimated 
that 4158 women were needed to provide the trial 
with 90% power to detect an absolute between-
group difference of 2.9 percentage points in the 
incidence of a primary-outcome event, on the basis 
of projected incidences of 12.9% in the higher-
glycemic-criteria group10,17 and 10.0% in the low-
er-glycemic-criteria group,15,16 at a two-sided sig-
nificance level of 5%.7,15 Statistical analyses, 
conducted in accordance with the prespecified 
statistical analysis plan (available with the pro-
tocol), were based on an intention-to-treat ap-
proach and were performed by an independent 
statistician using SAS software, version 9.4 (SAS 
Institute). We used log-binomial regression to 
analyze binary outcomes and reported the relative 
risk with the 95% confidence interval, or we used 
exact logistic regression when the number of par-
ticipants with a particular outcome was small and 
reported the exact odds ratio with the 95% con-
fidence interval. Continuous outcomes were an-
alyzed with the use of linear regression to obtain 
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were assigned to the lower-glycemic-criteria group, 
and 2039 (50.2%) to the higher-glycemic-criteria 
group (Fig. 1). A total of 4050 women (99.7%) and 
their infants completed follow-up to the time of 
hospital discharge after birth (Fig. 1). At the time 
of trial entry, the characteristics of women in the 
two trial groups were similar (Table 1). Asian, 
European, and Pacific populations were well repre-
sented, but Maori women were underrepresented 
among pregnant women in New Zealand (Table 
S1 in the Supplementary Appendix, available at 
NEJM.org). Gestational diabetes was diagnosed 
in 310 women (15.3%) in the lower-glycemic-crite-
ria group and in 124 women (6.1%) in the higher-
glycemic-criteria group.

Primary Outcome

Large-for-gestational-age infants were born to 178 
of 2019 women (8.8%) in the lower-glycemic-
criteria group and to 181 of 2031 women (8.9%) 
in the higher-glycemic-criteria group (unadjusted 

relative risk, 0.99; 95% confidence interval [CI], 
0.81 to 1.21; P = 0.91) (Table 2). The risk of a large-
for-gestational-age infant was similar in the ad-
justed analyses (adjusted relative risk, 0.98; 95% CI, 
0.80 to 1.19; P = 0.82).

Secondary Infant Outcomes

Other infant anthropometric measures at birth 
(weight, length, head circumference, and associ-
ated z scores for each; small-for-gestational-age 
status according to population standards; mac-
rosomia; and large- or small-for-gestational-age 
status according to customized New Zealand stan-
dards) showed no substantial between-group dif-
ferences, findings that support those of our pri-
mary analysis (Table 2). Gestational age at birth 
and the incidence of preterm birth were similar 
in the two trial groups. Hypoglycemia was de-
tected and treated more frequently among the 
infants in the lower-glycemic-criteria group than 
among those in the higher-glycemic-criteria 

Table 1. Characteristics of the Participants at Baseline.*

Characteristic

Lower-Glycemic- 
Criteria Group 

(N = 2022)

Higher-Glycemic- 
Criteria Group 

(N = 2039)

Maternal age — yr 31.4±5.1 31.5±5.2

Primiparous — no. (%)  998 (49.4)  970 (47.6)

Median gestation at OGTT (IQR) — wk 27.3 (26.3–28.3) 27.3 (26.3–28.3)

24 to <28 wk — no. (%) 1334 (66.0) 1350 (66.2)

28 to <32 wk — no. (%)  688 (34.0)  689 (33.8)

Median body-mass index (IQR) 26.6 (23.4–31.0) 26.5 (23.4–30.8)

Race or ethnic group — no. (%)†

White  807 (39.9)  821 (40.3)

Pacific  316 (15.6)  304 (14.9)

Maori 105 (5.2) 120 (5.9)

Asian  678 (33.5)  665 (32.6)

Other 116 (5.7) 129 (6.3)

Previous perinatal death — no./total no. (%) 30/1024 (2.9) 42/1069 (3.9)

Chronic hypertension — no. (%)  77 (3.8)  78 (3.8)

Family history of diabetes — no. (%)  723 (35.8)  688 (33.7)

Median OGTT result (IQR) — mg/dl

Fasting plasma glucose level 77.5 (73.9–82.9) 77.5 (73.9–82.9)

1-hr plasma glucose level  135.1 (115.3–153.1)  135.1 (113.4–153.1)

2-hr plasma glucose level 109.9 (93.7–127.9) 109.9 (93.7–127.9)

*  Plus–minus values are means ±SD. To convert the values for glucose to millimoles per liter, multiply by 0.05551. IQR 
denotes interquartile range, and OGTT oral glucose-tolerance test.

†  Race or ethnic group was reported by the participants.
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group (215 [10.7%] vs. 170 [8.4%]; adjusted rela-
tive risk, 1.27; 95% CI, 1.05 to 1.54). Other sec-
ondary infant health outcomes, including the use 
of health services, were similar in the two groups 
(Table 2).

Secondary Maternal Outcomes

Labor was more likely to be induced among the 
women in the lower-glycemic-criteria group than 
among those in the higher-glycemic-criteria group 
(681 [33.7%] vs. 613 [30.2%]; adjusted relative 
risk, 1.12; 95% CI, 1.02 to 1.22) (Table 3), and 
the use of pharmacologic treatment for gestational 
diabetes was more common among the women in 
the lower-glycemic-criteria group (221 [10.9%] 
vs. 94 [4.6%]; adjusted relative risk, 2.40; 95% CI, 
1.90 to 3.03). Pharmacologic treatment included 
the use of the oral hypoglycemic drug metformin, 
insulin, and both metformin as an oral hypogly-
cemic drug and insulin. The use of health ser-
vices was greater among the women in the lower-
glycemic-criteria group than among those in the 
higher-glycemic-criteria group, as reflected by the 
participants having more visits to the diabetes 
service, diabetes specialist, diabetes nurse, and 
dietitian. Other maternal outcomes were similar 
in the two trial groups (Table 3).

Prespecified Subgroup Analysis

In the prespecified subgroup analysis that in-
cluded women in both groups whose OGTT re-
sults fell between the lower and higher glycemic 
criteria, the outcomes of 195 women who re-
ceived treatment for gestational diabetes were 
compared with those of 178 women who did not 
(Table S2). The characteristics of the women who 
received treatment were similar to those who did 
not (Table S3).

Among the women included in the subgroup 
analysis, those in the lower-glycemic-criteria group 
gave birth to fewer large-for-gestational-age in-
fants than those in the higher-glycemic-criteria 
group (12 of 195 [6.2%] vs. 32 of 178 [18.0%]; 
adjusted relative risk, 0.33; 95% CI, 0.18 to 0.62). 
The adjusted number of women needed to diag-
nose and treat gestational diabetes in order to 
prevent one large-for-gestational-age infant in this 
subgroup was 4 (95% CI, 2 to 17). Other infant 
anthropometric measurements, including the in-
cidence of macrosomia, were lower in the lower-
glycemic-criteria group than in the higher-glyce-
mic-criteria group, and the mean gestational age 
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at birth was slightly lower in the lower-glycemic-
criteria group, although the percentage of small-
for-gestational-age infants was higher in the 
lower-glycemic-criteria group than in the higher-
glycemic-criteria group according to Fenton–World 
Health Organization standards23 but not accord-
ing to customized New Zealand standards.24 A 
serious health outcome occurred in 1 of 195 in-
fants (0.5%) in the lower-glycemic-criteria group 
and in 7 of 178 infants (3.9%) in the higher-
glycemic-criteria group. There were no substan-
tial between-group differences in the incidence of 
stillbirth, death of a live-born infant before dis-
charge, or birth trauma, but shoulder dystocia 
was less common in the lower-glycemic-criteria 
group than in the higher-glycemic-criteria group. 
Neonatal hypoglycemia was detected and treated 
more frequently in the lower-glycemic-criteria 
group than in the higher-glycemic-criteria group 
(53 of 195 [27.2%] vs. 16 of 178 [9.0%]). Other 
secondary infant health outcomes and the use 
of health services were similar in the two trial 
groups.

In the subgroup analysis, mothers in the 
lower-glycemic-criteria group had less gestational 
weight gain than those in the higher-glycemic-
criteria group (10.0 kg vs. 11.9 kg), as well as a 
lower incidence of preeclampsia (1 of 195 [0.5%] 
vs. 10 of 178 [5.6%]), more instances of induced 
labor (111 of 195 [56.9%] vs. 54 of 178 [30.3%]), 
and a higher prevalence of breast-feeding at hos-
pital discharge (194 of 195 [99.5%] vs. 169 of 178 
[94.9%]). Pharmacologic treatment for gestation-
al diabetes was much more common among the 
women in the lower-glycemic-criteria group than 
among those in the higher-glycemic-criteria group 
(124 of 195 [63.6%] vs. 4 of 178 [2.3%]). The use of 
health services was greater among the women in 
the lower-glycemic-criteria group, who had more 
visits to the diabetes service, diabetes specialist, 
diabetes nurse, and dietician. Other maternal 
outcomes did not differ substantially between the 
two groups. The results of post hoc exploratory 
analyses that additionally adjusted for parity were 
consistent with the primary results.

Discussion

In this randomized trial comparing two recom-
mended criteria17,18 for the diagnosis of gestational 
diabetes among 4061 women, we found that those 
who had been assigned to the lower-glycemic-cri-

teria group were more than 2.5 times as likely to 
receive a diagnosis of and treatment for gesta-
tional diabetes as those assigned to the higher-
glycemic-criteria group when tested in midpreg-
nancy. Greater proportions of women receiving 
a diagnosis of gestational diabetes through the 
use of the lower glycemic criteria of the IADPSG 
than through the use of the current higher gly-
cemic criteria27-29 and other criteria30 have been 
reported.

Although use of the lower glycemic criteria 
led to a greater proportion of women receiving a 
diagnosis of gestational diabetes and treatment 
than did use of the higher glycemic criteria, it did 
not lead to apparent health benefits; however, use 
of the lower glycemic criteria led to greater use of 
health services. We found no significant differ-
ence in the incidence of birth of a large-for-gesta-
tional-age infant (the primary outcome) between 
the two trial groups. However, more infants with 
hypoglycemia warranting treatment were identi-
fied in the lower-glycemic-criteria group than in 
the higher-glycemic-criteria group, a finding that 
is most likely due to the higher percentage of in-
fants born to a mother with a diagnosis of gesta-
tional diabetes who were therefore identified as 
requiring screening for hypoglycemia according 
to the hospital protocol. Some infants born to 
mothers in the higher-glycemic-criteria group 
may have had undetected hypoglycemia that was 
not treated. Neonatal hypoglycemia is associated 
with later adverse neurodevelopment,31,32 so follow-
up will be needed in order to know whether this 
detection and treatment lead to later benefits or 
harms.

No health benefits were observed among the 
women in our trial population; the risk of pre-
eclampsia was similar in the trial groups, as 
was the mode of birth. Women assigned to the 
lower-glycemic-criteria group were more likely 
to have their labor induced than those in the 
higher-glycemic-criteria group. Induction of la-
bor by 40 weeks’ gestation is recommended for 
women with well-controlled gestational diabetes, 
and earlier induction of labor is recommended for 
women receiving pharmacologic treatment for 
hyperglycemia or if there are maternal or infant 
complications.14,17,33 The use of health services 
was greater among the women in the lower-gly-
cemic-criteria group than among those in the 
higher-glycemic-criteria group; more women in 
the lower-glycemic-criteria group visited the dia-
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betes service, the diabetes specialist, the diabetes 
nurse, and the dietitian17 and received pharmaco-
logic treatments for blood glucose control. We 
found no evidence that this greater use of health 
services led to maternal benefits.

In our trial, we were able to assess not only 
the effects of diagnosis and treatment on the 
mother and her infant at the population level when 
using the lower glycemic criteria for the diagno-
sis of gestational diabetes, but also the effects of 
diagnosis and treatment for milder disease — an 
evidence gap identified by professional bodies9 
and other researchers.21,22 Almost 63% of the 
women in the lower-glycemic-criteria group who 
received a diagnosis of gestational diabetes and 
treatment would not have been identified as hav-
ing gestational diabetes if they had been assigned 
to the higher-glycemic-criteria group and there-
fore would not have received treatment.

Our subgroup analysis suggests clinically im-
portant, short-term maternal and infant health 
benefits for the women who received a diagnosis 
of a milder degree of gestational diabetes and also 
received treatment, as compared with those who 
did not receive a diagnosis of a milder degree of 
gestational diabetes and therefore did not receive 
treatment; these health benefits include, for the 
infant, a lower risk of being large for gestational 
age and, for the woman, a lower risk of pre-
eclampsia. The number needed to treat to prevent 
one large-for-gestational-age infant in this sub-
group of women with OGTT results that fell be-
tween the lower and higher glycemic criteria was 
only 4. Our findings in this subgroup may be 
relevant for pregnant women, clinicians, and ser-
vice providers. Health economic analyses will be 
needed to aid decision making. Infants born large 
for gestational age have higher risks of obesity, 
hypertension, and diabetes5 in later life, so follow-
up will be needed to assess whether the differ-

ences in body size observed at birth influence 
later health. Gestational diabetes is a known risk 
factor for later cardiometabolic problems in wom-
en4,34; thus, further follow-up of the mothers is 
needed to assess whether treating women with 
mild gestational diabetes has later maternal car-
diometabolic benefits.9,35

Two previous randomized trials have compared 
the IADPSG criteria with the Carpenter–Coustan 
screening criteria36,37 (Table S4), but data from 
trials comparing the IADPSG criteria15 with the 
criteria currently recommended for use in New 
Zealand are lacking.10 Both previous trials showed 
that there were more women who received a di-
agnosis of gestational diabetes with the IADPSG 
criteria than with the Carpenter–Coustan screen-
ing criteria but that there was no improvement in 
perinatal health.

In the current randomized trial, use of the 
lower glycemic criteria, as expected, led to a higher 
percentage of women receiving a diagnosis of ges-
tational diabetes than use of the higher glycemic 
criteria; therefore, use of health services, which 
included induction of labor, care for diabetes, 
pharmacotherapy for blood glucose control, and 
treatment for neonatal hypoglycemia, was great-
er in the lower-glycemic-criteria group. Overall, 
the risks of giving birth to a large-for-gestational-
age infant and of other infant or maternal com-
plications were not lower with the lower glycemic 
criteria than with the higher glycemic criteria.
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Prespecified study outcome definitions.* 
 

Type Outcome 

Infant Large for gestational age defined as a birth weight >90th percentile by population standards1 

Birth weight 

Birth length 

Birth head circumference 

Birth weight z-score 

Birth length z-score 

Birth head circumference z-score 

Large for gestational age by customized standards2  

Small for gestational age defined as a birth weight <10th percentile by Fenton-World Health Organization standards1  

Small for gestational age defined as a birth weight <10th percentile by customized New Zealand standards2 

Macrosomia defined as birth weight ≥4 kg 

Gestational age at birth 

Preterm birth birth defined as <37 weeks’ gestation  

Serious health outcomes defined as perinatal death or birth trauma (nerve palsy or bone fracture) or shoulder dystocia.3 

Apgar score <4 at 5 minutes 

Type of lung disease 

Severity of lung disease  

Use of respiratory support 

Hypoglycemia requiring treatment defined as blood glucose concentration <2.6 mmol/L 

Hyperbilirubinaemia requiring phototherapy 

Proven systemic infection in first 48 hours of life 

Seizures at <24 hours age or requiring two or more drugs to control 

Tube feeding >4 days 

Neonatal encephalopathy4   

Neonatal intensive care admission  

Length of stay in neonatal intensive care  

Length of postnatal stay.  

Type Outcome 

Women Composite of serious health outcomes up to the time of primary hospital discharge after the birth defined by one or more 

of maternal death, pulmonary oedema, eclampsia, stroke, adult respiratory distress syndrome, cardiac arrest, respiratory 

arrest, placental abruption, haemolysis, coagulopathy, major postpartum haemorrhage, deep vein thrombosis or pulmonary 

embolism requiring anticoagulant therapy5 

Preeclampsia  

Induction of labor  

Mode of birth  
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Postpartum hemorrhage (≥500 ml)  

Gestational weight gain  

Use of pharmacologic treatment for gestational diabetes  

Chorioamnionitis requiring antibiotics during labor  

Maternal infectious morbidity including puerperal sepsis requiring antibiotics. 

Breast feeding at hospital discharge  

Health service utilization defined as health professional visits 

Specialist diabetes care  

Need for antenatal admission 

Length of antenatal admission  

Length of postnatal stay. 

 
* Defined in the GEMS statistical analysis plan. 
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Table S1: Representativeness of Study Participants. 
  

  Category  

Disease, problem, or condition   under 
investigation 

Gestational diabetes. 

Special considerations related   to:  

 Sex and Gender Only pregnant women can develop gestational diabetes. 

Age There is a linear increase in the risk of gestational diabetes with advancing maternal 

age with older women of child bearing age are at greatest risk.6  

Race or ethnic group In New Zealand 44.6% of recent mothers identify as European, 25.0% as 

Māori, 17.7% as Asian (including Indian), 10.1% as Pacific peoples and 2.6% 

as other ethnicities.7 In New Zealand, gestational diabetes disproportionately 

affects ethnic groups being most prevalent amongst Asian, Indian women then 

Pacific peoples, Māori and European. 

Geography Rates of gestational diabetes are rising throughout the world linked to the increasing 

obesity rates.8 Rates vary between countries and availability of resources may 

impact the ability to screen for and diagnose gestational diabetes and to provide care 

for women with gestational diabetes and their infants.9 South-East Asia has the 

highest prevalence with Middle East and North Africa the lowest.9  

 

Overall representativeness of this trial The trial population had a median gestational age at entry of 27.3 weeks. Amongst 

the participants the proportion of ethnicities were 40% European, 33.1% Asian, 

15 3% Pacific peoples, 5 5% Māori, and 6.0% other. Asian, Pacific people and 

European were well representative whilst Māori under representative of women in 

the New Zealand population giving birth.7 All participants in this study were 

enrolled in New Zealand. 

Footnote: A search of PubMed was undertaken to assess how gestational diabetes affects women of different ages and ethnicities. 
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Table S2. Maternal and Infant Outcomes for Women with OGTT Fasting Plasma Glucose Concentration 
5.1 to <5.5 mmol/l, and/or 1 hour >10.0 mmol/l and/or 2-hour 8.5 to <9.0 mmol/l by Criteria Group for 
the Pre-specified Subgroup.*  
 

Outcomes 

Lower-

Glycemic- 

Criteria 

Group 

(N=195) 

Higher-

Glycemic- 

Criteria 

Group 

(N=178) 

Unadjusted  

treatment effect  

(95% CI)† 

Adjusted  

treatment effect  

(95% CI)†‡ 

Infant Outcomes     

Primary outcome: large-for-gestational age infant – 

no. (%) 

 

12 (6.2) 

 

32 (18.0) 

 

0.34 (0.18 to 0.64) 

 

0.33 (0.18 to 0.62) 

Other birth-related anthropometry outcomes     

    Birth weight - g   3254 ±445 3507 ±565 -253.49 (-355.95 to -151.03)§ -265.56 (-367.57 to -163.55)§ 

    Birth weight z-scores¶ -0.06 ±0.87 0.32 ±1.04 -0.39 (-0.58 to -0.19)§ -0.40 (-0.59 to -0.20)§ 

    Birth length - cm  50.4 ±2.4 51.2 ±2.8 -0.78 (-1.31 to -0.26)§ -0.84 (-1.36 to -0.32)§ 

    Birth length z-scores¶ 0.26 ±1.0 0.49 ±1.1 -0.23 (-0.44 to -0.02)§ -0.24 (-0.45 to -0.03)§ 

    Birth head circumference - cm 34.5 ±1.4 34.8 ±1.7 -0.31 (-0.62 to 0.01)§ -0.36 (-0.67 to -0.04)§ 

    Birth head circumference z-scores¶ 0.21 ±1.02 0.33 ±1.16 -0.11 (-0.34 to 0.11)§ -0.13 (-0.35 to 0.09)§ 

    Large for gestational age according to 

customized New Zealand standards) – no. (%) 

18 (9.2) 35 (19.7) 0.47 (0.28 to 0.80) 0.49 (0.29 to 0.83) 

    Small for gestational age – no. (%) 19 (9.7) 7 (3.9) 2.48 (1.07 to 5.75) 2.64 (1.13 to 6.16) 

    Small for gestational age according to 

customized New Zealand standards – no. (%) 

26 (13.3) 16 (9.0) 1.48 (0.82 to 2.67) 1.49 (0.82 to 2.69) 

    Macrosomia – no. (%) 8 (4.1) 29 (16.3) 0.25 (0.12 to 0.54) 0.24 (0.11 to 0.52) 

Gestational age at birth - wk 38.8 ±1.0 39.1 ±1.6 -0.37 (-0.63 to -0.10)§ -0.39 (-0.66 to -0.13)§ 

Preterm birth, <37 wk of gestation – no. (%) 9 (4.6) 10 (5.6) 0.82 (0.34 to 1.98) 0.86 (0.36 to 2.07) 

Serious health outcome – no. (%)     

Composite of stillbirth, death of liveborn infant 

before discharge, birth trauma, or shoulder 

dystocia 

1 (0.5) 7 (3.9) 0.13 (0.003 to 1.00)ǁ 0.13 (0.003 to 1.05)ǁ 

    Stillbirth 
0 (0.0) 0 (0.0) NA NA 

    Death of liveborn prior to discharge 0 (0.0) 0 (0.0) NA NA 

    Birth trauma 0 (0.0) 1 (0.6) NA** NA** 

    Shoulder dystocia 1 (0.5) 7 (3.9) 0.13 (0.003 to 1.00)ǁ 0.13 (0.004 to 1.05)ǁ 

Apgar score <4 at 5 min – no. (%) 0 (0.0) 0 (0.0) NA NA 

Any neonatal lung disease – no. (%) 3 (1.5) 5 (2.8) 0.54 (0.08 to 2.83)ǁ 0.52 (0.08 to 2.75)ǁ 

Use of respiratory support – no. (%)  10 (5.1) 10 (5.6) 0.91 (0.39 to 2.14) 0.89 (0.39 to 2.06) 

Hypoglycemia warranting treatment – no. (%) 53 (27.2) 16 (9.0) 3.02 (1.80 to 5.09) 3.09 (1.83 to 5.21) 

Hyperbilirubinemia warranting phototherapy – no. 

(%) 

7 (3.6) 4 (2.3) 1.62 (0.40 to 7.67)ǁ 1.66 (0.41 to 7.91)ǁ 
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Outcomes 

Lower-

Glycemic- 

Criteria 

Group 

(N=195) 

Higher-

Glycemic- 

Criteria 

Group 

(N=178) 

Unadjusted  

treatment effect  

(95% CI)† 

Adjusted  

treatment effect  

(95% CI)†‡ 

Proven systemic infection in the first <48 hours 

after birth – no. (%) 

0 (0.0) 1 (0.6) NA** NA** 

Seizure at <24 hours or that led to the use of >2 

drugs to control – no. (%) 

0 (0.0) 0 (0.0) NA NA 

Tube feeding >4 days – no. (%) 2 (1.0) 4 (2.3) 0.45 (0.04 to 3.20)ǁ 0.51 (0.04 to 3.81)ǁ 

Neonatal encephalopathy – no. (%) 0 (0.0) 0 (0.0) NA NA 

Admission to neonatal intensive care unit – no. (%) 7 (3.6) 4 (2.3) 1.62 (0.40 to 7.67)ǁ 1.78 (0.44 to 8.55)ǁ 

Stay in neonatal intensive care unit – days 0.2 ±2.0 0.5 ±5.2  0.16 (0.01 to 2.66)††  0.23 (0.01 to 4.62)†† 

Length of postnatal stay – days 4.0 ±3.2 4.5 ±6.9  0.89 (0.77 to 1.03)‡‡  0.93 (0.80 to 1.08)‡‡ 

Maternal outcomes     

Serious maternal health outcomes – no. (%) 8 (4.1) 8 (4.5) 0.91 (0.35 to 2.38) 0.85 (0.33 to 2.21) 

Preeclampsia – no. (%) 1 (0.5) 10 (5.6) 0.09 (0.002 to 0.62)ǁ 0.08 (0.002 to 0.60)ǁ 

Induction of labor – no. (%) 111 (56.9) 54 (30.3) 1.88 (1.46 to 2.42) 1.89 (1.47 to 2.43) 

Cesarean section – no. (%) 77 (39.5) 86 (48.3) 0.82 (0.65 to 1.03) 0.82 (0.65 to 1.02) 

    Elective – no. (%) 26 (13.3) 32 (18.0) 0.74 (0.46 to 1.19) 0.75 (0.47 to 1.19) 

    Emergency – no. (%) 51 (26.2) 54 (30.3) 0.86 (0.62 to 1.19) 0.87 (0.63 to 1.21) 

Postpartum haemorrhage – no./total (%)  54/191 

(28.3) 

57/174 

(32.8) 

0.86 (0.63 to 1.18) 0.85 (0.63 to 1.16) 

Gestational weight gain – kg 10.0 ±7.1 11.9 ±6.8 -1.89 (-3.36 to -0.42)§ -1.99 (-3.45 to -0.54)§ 

Chorioamnionitis that led to the use of antibiotics – 

no. (%) 

1 (0.5) 2 (1.1) 0.45 (0.01 to 8.80)ǁ 0.49 (0.01 to 9.57)ǁ 

Maternal infectious complication – no. (%) 24 (12.3) 22 (12.4) 1.00 (0.58 to 1.71) 1.00 (0.59 to 1.71) 

Breastfeeding at hospital discharge – no. (%)  194 (99.5) 169 (94.9) 1.05 (1.01 to 1.08) 1.05 (1.01 to 1.09) 

Pharmacologic treatment for gestational diabetes – 

no. (%) 

124 (63.6) 4 (2.3) 75.03 (27.03 to 290 34)ǁ 84.22 (29.64 to 332.23)ǁ 

    Use of Insulin – no. (%) 57 (29.2) 3 (1.7) 23.94 (7 53 to 122.07)ǁ 24.42 (7.61 to 125.35)ǁ 

    Use of oral hypoglycaemic metformin – no. (%)  102 (52.3) 4 (2.3) 47.26 (17.09 to 182 34)ǁ 47.81 (17.21 to 185.15)ǁ 

    Insulin and oral hypoglycemic metformin – no. 

(%) 

35 (17.9) 3 (1.7) 12.70 (3.89 to 65.76)ǁ 12.44 (3.80 to 64.59)ǁ 

Antenatal hospitalization – no. (%) 26 (13.3) 27 (15.2) 0.88 (0.53 to 1.45) 0.90 (0.54 to 1.48) 

Antenatal hospital stay – days 0.3 ±1.0 0.5 ±3.1 0.55 (0.26 to 1.16)‡‡ 0.55 (0.26 to 1.17)‡‡ 

Diabetic service visits – no. 3.6 ±2.6 0.1 ±0.8 26.85 (17.51 to 41.17)‡‡ 26.44 (17.26 to 40.49)‡‡ 

Diabetes medical specialist visits since OGTT – no.  1.7 ±1.5 0.1 ±0.4 24.87 (13.80 to 44.83)‡‡ 25.30 (14.04 to 45.60)‡‡ 

Diabetes nurse visits – no. 2.4 ±2.2 0.03 ±0.2 71.66 (31.65 to 162 24)‡‡ 71.41 (31.55 to 161.63)‡‡ 
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Outcomes 

Lower-

Glycemic- 

Criteria 

Group 

(N=195) 

Higher-

Glycemic- 

Criteria 

Group 

(N=178) 

Unadjusted  

treatment effect  

(95% CI)† 

Adjusted  

treatment effect  

(95% CI)†‡ 

Dietitian visits – no. 0.6 ±0.6 0.02 ±0.2  28.30 (14 30 to 55.98)‡‡ 28.71 (14.56 to 56.61)‡‡ 

Postnatal stay – days 3.1 ±2.5 3.0 ±2.0 1.04 (0.91 to 1.19)‡‡ 1.03 (0.90 to 1.18)‡‡ 

OGTT fasting plasma glucose concentration was 5.1 to <5.5 mmol/l, and/or 1 hour >10.0 mmol/l and/or their 2-hour plasma glucose  
 
concentration was 8.5 to <9.0 mmol/l for women in both criteria groups. 

* Plus–minus values are means ±SD. NA denotes not applicable because no event was reported. 

† Treatment effects are given as the relative risk with the 95% confidence interval, unless otherwise indicated.  

‡ The treatment effect was adjusted for body-mass index, planned birthing institution, and maternal age and gestational age at the time of 

randomization.  

§ The treatment effect is given as the mean difference with the 95% confidence interval, as estimated from a linear-regression model.  

¶ The z scores were estimated with the use of the Fenton–World Health Organization growth references.1  

ǁ The treatment effect is given as the exact odds ratio with the 95% confidence interval, as estimated from an exact logistic-regression 

model; in the adjusted analysis, the treatment effect was adjusted for body-mass index and planned birthing institution.  

** The effect size was judged to be clinically not interpretable (i.e., median exact odds ratio, 0.91; 95% CI, 0.00 to 17.34).  

†† The treatment effect is given as the ratio of means with the 95% confidence interval, as estimated from a zero-inflated negative binomial-

regression model.  

‡‡ The treatment effect is given as the ratio of means with the 95% confidence interval, as estimated from a negative binomial-regression 

model. 
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Table S3. Characteristics of the Participants at Trial Entry included in the Pre-specified Subgroup.* 
 

Characteristics 

Lower-Glycemic- 
Criteria Group 

N = 195 

Higher-Glycemic- 
Criteria Group 

N = 179 

Maternal age – yr 32.3 ± 5.1 32.5 ± 5.5 

Primiparous – no. (%) 92 (47.2) 78 (43.6) 

Gestational age at OGTT - wk 27.4 (26.3-28.7) 27.1 (26.0-28.3) 

         24 to < 28 weeks – no. (%) 120 (61 5) 119 (66.5) 

         28 to < 32 weeks – no. (%) 75 (38.5) 60 (33.5) 

Median body mass index (IQR)† 28.2 (25.0-32.5) 27.9 (25.0-33.1) 

Race or ethnic group – no. (%)†   

White 58 (29.7) 51 (28.5) 

Pacific Islander 24 (12.3) 31 (17.3) 

Māori 12 (6.2) 12 (6.7) 

Asian 85 (43.6) 72 (40.2) 

Other 16 (8.2) 13 (7.3) 

Previous prenatal death – no. (%) 4 (3.9) 3 (3.0) 

Chronic hypertension – no. (%) 9 (4.6) 6 (3.4) 

Family history of diabetes – no. (%) 90 (46.2) 70 (39.1) 

Mean OGTT result (IQR) – mg/dl   

Fasting plasma glucose level  88.3 (79.3-93.7) 88.3 (81.1-93.7) 

1-hr plasma glucose level 180.2 (153.2-187.4) 176.6 (145.9-187.4) 

2-hr plasma glucose level 135.1 (117.1-153.2) 135.1 (117.1-153.2) 

* Plus-minus values are means ±SD. To convert glucose to millimoles per liter, multiply by 0.05551.  

IQR denotes interquartile range, and OGTT oral glucose-tolerance test.  

† Race or ethnic group was reported by the participants.  
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BACKGROUND
Whether treatment of gestational diabetes before 20 weeks’ gestation improves 
maternal and infant health is unclear.

METHODS
We randomly assigned, in a 1:1 ratio, women between 4 weeks’ and 19 weeks 6 days’ 
gestation who had a risk factor for hyperglycemia and a diagnosis of gestational 
diabetes (World Health Organization 2013 criteria) to receive immediate treatment 
for gestational diabetes or deferred or no treatment, depending on the results of 
a repeat oral glucose-tolerance test [OGTT] at 24 to 28 weeks’ gestation (control). 
The trial included three primary outcomes: a composite of adverse neonatal out-
comes (birth at <37 weeks’ gestation, birth trauma, birth weight of ≥4500 g, re-
spiratory distress, phototherapy, stillbirth or neonatal death, or shoulder dystocia), 
pregnancy-related hypertension (preeclampsia, eclampsia, or gestational hyperten-
sion), and neonatal lean body mass.

RESULTS
A total of 802 women underwent randomization; 406 were assigned to the imme-
diate-treatment group and 396 to the control group; follow-up data were available 
for 793 women (98.9%). An initial OGTT was performed at a mean (±SD) gestation 
of 15.6±2.5 weeks. An adverse neonatal outcome event occurred in 94 of 378 
women (24.9%) in the immediate-treatment group and in 113 of 370 women 
(30.5%) in the control group (adjusted risk difference, −5.6 percentage points; 95% 
confidence interval [CI], −10.1 to −1.2). Pregnancy-related hypertension occurred 
in 40 of 378 women (10.6%) in the immediate-treatment group and in 37 of 372 
women (9.9%) in the control group (adjusted risk difference, 0.7 percentage points; 
95% CI, −1.6 to 2.9). The mean neonatal lean body mass was 2.86 g in the imme-
diate-treatment group and 2.91 g in the control group (adjusted mean difference, 
−0.04 g; 95% CI, −0.09 to 0.02). No between-group differences were observed with 
respect to serious adverse events associated with screening and treatment.

CONCLUSIONS
Immediate treatment of gestational diabetes before 20 weeks’ gestation led to a 
modestly lower incidence of a composite of adverse neonatal outcomes than no 
immediate treatment; no material differences were observed for pregnancy-related 
hypertension or neonatal lean body mass. (Funded by the National Health and 
Medical Research Council and others; TOBOGM Australian New Zealand Clinical 
Trials Registry number, ACTRN12616000924459.)
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Gestational diabetes mellitus, a 
common pregnancy complication, is 
associated with increased risks of pre-

eclampsia, obstetrical intervention, large-for-
gestational-age neonates, shoulder dystocia, birth 
trauma, and neonatal hypoglycemia.1 Screening 
and treatment for gestational diabetes at 24 to 
28 weeks’ gestation are now recommended.2,3 In 
cohort studies, women with pregnancies compli-
cated by early (<20 weeks’ gestation) hyperglyce-
mia showed accelerated fetal growth by 24 to 28 
weeks’ gestation4 and had greater perinatal 
mortality than women who received a diagnosis 
of gestational diabetes later in pregnancy.5 Fur-
thermore, a linear relationship has been shown 
between fasting glucose levels in early preg-
nancy and adverse pregnancy outcomes.6,7

Testing early in pregnancy to exclude undiag-
nosed diabetes is recommended for women who 
are at high risk for diabetes.2 If glucose levels are 
increased but below values that are diagnostic of 
diabetes in nonpregnant adults, early gestational 
diabetes is diagnosed and treated. However, data 
from randomized, controlled trials that show a 
benefit from such treatment are lacking. We per-
formed a randomized, controlled trial to assess 
pregnancy outcomes after treatment for gesta-
tional diabetes had been initiated before 20 
weeks’ gestation, as compared with deferred 
or no treatment that depended on the results of 
repeat oral glucose-tolerance testing (OGTT) 
at 24 to 28 weeks’ gestation.

Me thods

Trial Design and Oversight

The Treatment of Booking Gestational Diabetes 
Mellitus (TOBOGM) trial was a multicenter, ran-
domized, controlled trial performed at 17 hospi-
tals in Australia, Austria, Sweden, and India 
(Table S1 in the Supplementary Appendix, avail-
able with the full text of this article at NEJM 
.org). An independent data-monitoring commit-
tee reviewed trial safety data. The planned pro-
tocol, informed by a pilot study and approved by 
local ethics committees (Table S2),8 has been 
published previously9 and is available at NEJM 
.org. The first author vouches for the accuracy 
and completeness of the data and for the fidelity 
of the trial to the protocol. The trial design is 
summarized in Figure S1. Neither the funding 
sources nor the author-affiliated institutions 

took part in the trial design; the collection, 
analysis, and interpretation of the data; or the 
writing of the manuscript or the decision to 
submit it for publication.

Participants

Women 18 years of age or older with a singleton 
pregnancy between 4 weeks’ and 19 weeks 6 days’ 
gestation and at least one risk factor for hyper-
glycemia10 (previous gestational diabetes, body-
mass index [the weight in kilograms divided by 
the square of the height in meters] higher than 
30, age ≥40 years, first-degree relative with dia-
betes, previous macrosomia, polycystic ovary syn-
drome, or non-European ancestry [Table S3]) 
were recruited after written informed consent 
had been obtained. All the women were offered 
early ultrasonography to estimate gestational age.

A 2-hour 75-g OGTT was performed before 
20 weeks’ gestation. Women fulfilling World 
Health Organization (WHO) diagnostic criteria 
for gestational diabetes11 (a fasting glucose level 
of ≥92 mg per deciliter [≥5.1 mmol per liter], a 
1-hour glucose level of ≥180 mg per deciliter 
[≥10.0 mmol per liter], or a 2-hour glucose level 
of ≥153 mg per deciliter [≥8.5 mmol per liter]) 
before 20 weeks’ gestation were eligible for ran-
domization. Women were excluded if they had 
known preexisting diabetes, a fasting glucose level 
of 110 mg per deciliter or greater (≥6.1 mmol 
per liter) or a 2-hour glucose level of 200 mg per 
deciliter or greater (≥11.1 mmol per liter), or ac-
tive medical disorders that local investigators 
considered to be contraindications to participa-
tion. The fasting glucose threshold for exclusion 
was based on consensus by the investigators for 
safety reasons.

Randomization

Eligible women were randomly assigned in a 1:1 
ratio to receive immediate treatment for gesta-
tional diabetes or deferred or no treatment, de-
pending on whether the results of a repeat OGTT 
performed at 24 to 28 weeks’ gestation met 
WHO criteria for gestational diabetes (control).11 
Randomization was stratified according to hos-
pital site and glycemic range, which was based 
on the 1.75 and 2.0 odds ratios for adverse preg-
nancy outcomes at 24 to 28 weeks’ gestation, as 
identified in the Hyperglycemia and Adverse Preg-
nancy Outcome study.12,13 Women in the higher 
glycemic range had a fasting glucose level of 95 
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to 109 mg per deciliter (5.3 to 6.0 mmol per liter), 
a 1-hour glucose level of 191 mg per deciliter or 
greater (≥10.6 mmol per liter), or a 2-hour glu-
cose level of 162 to 199 mg per deciliter (9.0 to 
11.0 mmol per liter). Women in the lower glyce-
mic range had a fasting glucose level of 92 to 94 
mg per deciliter (5.1 to 5.2 mmol per liter), a 
1-hour glucose level of 180 to 190 mg per deci-
liter (10.0 to 10.5 mmol per liter), or a 2-hour 
glucose level of 153 to 161 mg per deciliter (8.5 
to 8.9 mmol per liter) and did not meet any cri-
teria for the higher range.

Randomization was performed with the use 
of a central computerized system with a minimi-
zation procedure to balance the trial groups ac-
cording to hospital site and glycemic range by 
means of an electronic randomizer (Techtonic). 
To conceal the trial-group assignment from the 
women in the control group and the treating 
health care team, some women without early 
gestational diabetes (“decoys”) were randomly 
assigned in a 2:1 ratio to the same trial proce-
dures (immediate treatment or control). The 
clinic and trial staff and participants were un-
aware of the OGTT results. OGTT was not re-
peated at 24 to 28 weeks’ gestation in women 
with gestational diabetes that was already being 
managed.

Management of Gestational Diabetes

Management included education, dietary advice, 
and instructions on how to monitor capillary 
blood glucose levels. Thresholds for the initia-
tion and intensification of pharmacotherapy were 
consistent with those used in previous random-
ized, controlled trials.14,15 Obstetrical manage-
ment was performed according to local practice. 
As specified in the protocol, neonates under-
went heel-prick blood glucose testing within 1 to 
2 hours after birth, and biometric measurements 
were recorded within 72 hours after birth.9

Outcomes

The trial had three prespecified primary out-
comes. The first primary outcome was a com-
posite of adverse neonatal outcomes: birth be-
fore 37 weeks’ gestation, birth weight of 4500 g 
or greater, birth trauma,16 neonatal respiratory 
distress (i.e., distress warranting ≥4 hours of 
respiratory support with supplemental oxygen, 
continuous positive airway pressure, or intermit-
tent positive-pressure ventilation [or combinations 

thereof] during the 24 hours after birth), photo-
therapy, stillbirth or neonatal death, or shoulder 
dystocia (vaginal birth in which additional ob-
stetrical maneuvers were performed to deliver 
the fetus after delivery of the head and failed 
gentle traction). The second primary outcome 
was pregnancy-related hypertension (a compos-
ite of preeclampsia, eclampsia, or gestational 
hypertension), the incidence of which has been 
reported to be reduced in randomized, con-
trolled trials of treatment for gestational diabe-
tes14,15; women with chronic hypertension were 
excluded from the analysis of this outcome.9 The 
third primary outcome was neonatal lean body 
mass, as measured with a caliper and calculated 
with the use of the Catalano equation17; the in-
clusion of this outcome was based on findings 
from a pilot study that suggested that early treat-
ment might lead to undernutrition.8

Prespecified secondary outcomes evaluated in 
mothers were total gestational weight gain, ce-
sarean delivery, induction of labor, perineal in-
jury,16 quality of life as measured by the EQ-5D18 
at 24 to 28 weeks’ gestation (scores on the EQ-5D 
range from 0 to 1, with higher scores indicating 
better quality of life), and maternal hypoglyce-
mia (i.e., hypoglycemia warranting assistance). 
The secondary outcomes of interest in infants were 
birth weight, large-for-gestational-age status 
(above the 90th percentile) and small-for-gesta-
tional-age status (below the 10th percentile), as 
determined according to ethnic group– and sex-
adjusted customized percentiles for birth weight 
[gestation . net]), mean upper-arm circumference, 
sum of neonatal calipers, neonatal fat mass, se-
vere neonatal hypoglycemia (any heel-prick blood 
glucose level of <29 mg per deciliter [<1.6 mmol 
per liter] up to 72 hours after birth), birth heel-
prick glucose level of ≤40 mg per deciliter 
[≤2.2 mmol per liter] at 1 to 2 hours after birth 
(all mothers were encouraged to breast-feed with-
in 1 hour after birth), and bed days in a neonatal 
intensive care unit (ICU) or in a special care unit 
at sites with no or an insufficient number of 
separate neonatal ICU beds.9

Statistical Analysis

Assuming a loss to follow-up of 10%, we esti-
mated that 400 women in each trial group would 
provide the trial with 80% power to detect a 
between-group difference of 6 percentage points, 
at an alpha level of 0.05, with respect to the first 
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primary outcome (a composite of adverse neo-
natal outcomes). A gate-keeping procedure for 
avoiding type I errors was used.19 If the P value 
for the comparison with respect to the first pri-
mary outcome was less than 0.05, then the trial 
groups were compared with respect to the sec-
ond primary outcome (pregnancy-related hyper-
tension). If the P value for the second compari-
son was less than 0.05, then the trial groups 
were compared with respect to the third primary 
outcome (neonatal lean body mass). This ap-
proach was adopted after the protocol had been 
published9 and registered in the Australian New 
Zealand Clinical Trials Registry20 but before the 
final data were collected and analyzed.

Analyses were conducted according to the 
updated prespecified plan20 and were based on 
the intention-to-treat principle. No interim analy-
ses were undertaken. Descriptive analyses were 
used to summarize demographic characteristics. 
All statistical analyses were performed with the 
use of Stata software, version 16 (StataCorp), and 
R statistical packages.

Adjusted effect sizes (mean between-group 
differences and relative risks) were determined 
with the use of mixed-effects models with ad-
justment for six prespecified factors: age, pre-
pregnancy body-mass index, ethnic group, cur-
rent smoking status, primigravidity, and university 
degree or higher qualification. A random-effects 
regression model with cluster-robust standard 
errors was used to account for site clusters (Ta-
ble S4). Linear regression was used for continu-
ous outcomes, and logistic regression for binary 
outcomes. Missing data for primary outcomes 
and the six prespecified adjustment factors were 
replaced by means of the multivariate imputa-
tion by chained equations (MICE) algorithm (10 
imputations) (Table S5). Robustness of the final 
models was examined with the use of 1000 
bootstrapped samples of the same size, drawn 
with replacement. The models that were used for 
the analysis of the primary outcome were the 
adjusted models after multiple imputation. The 
models that were used for analyses of the sec-
ondary and other outcomes were the adjusted 
models with complete case data. No adjustment 
for multiplicity was made for secondary out-
comes or subgroup analyses, so the 95% confi-
dence intervals should not be used in place of 
hypothesis testing.

Two prespecified exploratory analyses were 

undertaken. The first was a subgroup analysis 
according to the glycemic range at randomiza-
tion (higher vs. lower), and the second was a 
subgroup analysis according to the timing of the 
initial OGTT at trial entry (<14 weeks’ gestation 
vs. ≥14 weeks’ gestation). A statistician (the pen-
ultimate author), who was independent of the 
investigator team and central trial management 
group and who was unaware of the trial-group 
assignments, analyzed the data.

R esult s

Trial Participants

Between May 17, 2017, and March 31, 2022, a 
total of 43,721 women were assessed for eligibil-
ity. Of these, 802 underwent randomization — 
406 (50.6%) were assigned to the immediate-
treatment group and 396 (49.4%) to the control 
group (Fig. 1). After the exclusion of women 
with early pregnancy loss (Table S6), the final 
sample for analysis included 793 women (98.9%). 
The baseline characteristics of the women in the 
two groups were similar, except for a higher 
percentage of women in the control group with 
a history of larger infants (Table 1).

The initial OGTT was performed at mean of 
15.6 weeks’ gestation; OGTT was performed be-
fore 14 weeks’ gestation in 23.2% of the partici-
pants. On repeat OGTT at 24 to 28 weeks’ gesta-
tion, gestational diabetes was diagnosed again 
in 67.0% of the women in the control group. A 
greater percentage of women in the immediate-
treatment group than in the control group re-
ceived insulin (58.1% vs. 41.4%) or metformin 
therapy (23.6% vs. 10.4%) (Table S7). Aspirin 
was used by 3.5% of women in the immediate-
treatment group and by 4.1% of those in the 
control group.

Primary Outcomes

Among the 793 women in the final sample, data 
were available for 748 (94.3%) regarding the 
composite adverse neonatal outcome, for 750 
(94.6%) regarding pregnancy-related hyperten-
sion, and for 492 (62.0%) regarding neonatal 

Figure 1 (facing page). Screening, Randomization,  
and Follow-up.

HFG denotes high fasting glucose, ODIP overt diabetes 
in pregnancy, and OGTT oral glucose‑tolerance testing.
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Table 1. Characteristics of the Participants at Baseline and at Oral Glucose-Tolerance Testing (OGTT) at 24 to 28 Weeks’ 
Gestation.*

Characteristic Immediate Treatment (N = 400) Control (N = 393)

Age — yr 32.1±4.8 32.6±4.9

Ethnic group — no./total no. (%)†

White European 150/399 (37.6) 166/391 (42.5)

South Asian 129/399 (32.3) 106/391 (27.1)

East or Southeast Asian  51/399 (12.8)  60/391 (15.3)

Middle Eastern 32/399 (8.0) 17/391 (4.3)

Maori or Pacific Island descent 24/399 (6.0) 22/391 (5.6)

Other 13/399 (3.3) 20/391 (5.1)

University degree or higher qualification — no./total no. (%) 167/380 (43.9) 174/377 (46.2)

Medical history — no./total no. (%)

Primigravid  93/400 (23.3)  80/393 (20.4)

Current smoker 25/390 (6.4) 20/391 (5.1)

Family history of diabetes 180/379 (47.5) 183/374 (48.9)

History of PCOS  74/399 (18.5)  78/392 (19.9)

History of macrosomia  35/259 (13.5)  50/262 (19.1)

Gestational diabetes in previous pregnancy 111/307 (36.2) 115/312 (36.9)

Past IGT and IFG  48/370 (13.0)  42/372 (11.3)

Body‑mass index at first visit‡ 32.1±7.7 32.9±8.4

Blood pressure — mm Hg§

Systolic 111±12 112±13

Diastolic 68±9  69±10

Chronic hypertension — no./total no. (%)¶ 14/397 (3.5) 27/393 (6.9)

Timing of initial OGTT — wk of gestation 15.5±2.5 15.7±2.4

OGTT <14 wk of gestation — no./total no. (%)‖ 104/400 (26.0)  80/393 (20.4)

Fasting glucose — mg/dl   92±7.2   90±9.0

1‑Hr glucose — mg/dl 162±36 166±36

2‑Hr glucose — mg/dl 131±29 133±29

Glycated hemoglobin — %**  5.2±0.3  5.2±0.3

OGTT at 24 to 28 wk of gestation††

Fasting glucose — mg/dl NA  90±11

1‑Hr glucose — mg/dl NA 175±38

2‑Hr glucose — mg/dl NA 140±32

Diagnosis of gestational diabetes at 24 to 28 wk of gestation NA 238/355 (67.0)

*  Plus–minus values are means ±SD. To convert the values for glucose to millimoles per liter, multiply by 0.05551. IFG de‑
notes impaired fasting glucose, IGT impaired glucose tolerance, NA not applicable, and PCOS polycystic ovary syndrome.

†  Ethnic group was reported by the participants. The “other” category refers to women who identified as being of aborigi‑
nal, African, or South American descent or as belonging to any other ethnic groups not specifically mentioned here.

‡  Data on the body‑mass index were available for 399 women in the immediate‑treatment group and 390 women in the 
control group.

§  Data on blood pressure were available for 386 women in the immediate‑treatment group and 385 women in the con‑
trol group.

¶  Chronic hypertension was defined as a history of hypertension or use of antihypertensive medication before conception.
‖  Data on the initial (<14 weeks’ gestation) fasting glucose level were available for 399 women in the immediate‑

treatment group and 393 women in the control group. Data on the initial 1‑hour glucose level were available for 398 
women in the immediate‑treatment group and 393 women in the control group. Data on the initial 2‑hour glucose 
level were available for 399 women in the immediate‑treatment group and 392 women in the control group.

**  Data on the glycated hemoglobin level were available for 388 women in the immediate‑treatment group and 384 
women in the control group.

††  Data on the fasting glucose level, the 1‑hour glucose level, and the 2‑hour glucose level at 24 to 28 weeks’ gestation 
were available for 355, 353, and 353 women, respectively, in the control group; this analysis was not performed in the 
immediate‑treatment group.



n engl j med   nejm.org 7

Treatment of Gestational Diabetes in Early Pregnancy

lean body mass. An adverse neonatal outcome 
event occurred in 94 of 378 women (24.9%) in 
the immediate-treatment group and in 113 of 
370 women (30.5%) in the control group, for an 
adjusted mean difference of −5.6 percentage 
points (95% confidence interval [CI], −10.1 to 
−1.2; P = 0.02) (Table 2); an adjusted relative risk 
of 0.82 (95% CI, 0.68 to 0.98); and a number 
needed to treat to prevent one such event of 18. 
Outputs of the full models for the complete-
case, bootstrapped, and MICE datasets are shown 
in Table S8.

Pregnancy-related hypertension occurred in 
40 of 378 women (10.6%) in the immediate-
treatment group and in 37 of 372 women (9.9%) 
in the control group, for an adjusted mean dif-
ference of 0.7 percentage points (95% CI, −1.6 to 
2.9). Because the results for this outcome did not 
differ significantly between the two groups, 
neonatal lean body mass (originally the third 
primary outcome) was considered to be second-
ary outcome.

Secondary Maternal and Infant Outcomes

Maternal gestational weight gain and the per-
centage of women who underwent cesarean de-
livery or induction of labor were similar in the 
two groups (Table 2). Severe perineal injury oc-
curred in 3 of 375 women (0.8%) in the imme-
diate-treatment group and in 13 of 365 women 
(3.6%) in the control group, for an adjusted 
mean difference of −2.8 percentage points (95% 
CI, −4.1 to −1.5). The maternal EQ-5D score at 
24 to 28 weeks’ gestation was 0.83 in the imme-
diate-treatment group and 0.81 in the control 
group, for an adjusted mean difference of 0.02 
(95% CI, 0.01 to 0.04). Results for additional 
maternal outcomes are provided in Table S9.

Secondary infant outcomes are summarized 
in Table 2 and Table S9. There were no substan-
tive differences between the two groups. The 
mean birth weight was 3258 g in the immediate-
treatment group and 3348 g in the control 
group, for an adjusted difference of −72.1 g (95% 
CI, −127.6 to −16.6). The median number of bed 
days in the neonatal ICU or special care nursery 
(among the neonates who had been admitted) 
was 2.0 in the immediate-treatment group and 
2.0 in the control group, for an adjusted treat-
ment difference (calculated among all the neo-
nates, with a value of 0 used for those who had 
not been admitted) of −0.8 bed days (95% CI, 
−1.3 to −0.3).

Other Outcomes and Subgroup Analyses

Results for additional maternal and neonatal out-
comes are provided in Table 3 and Table S10. 
Among the components of the first primary 
outcome, respiratory distress occurred in 37 of 
376 infants (9.8%) born to women in the imme-
diate-treatment group and in 62 of 365 infants 
(17.0%) born to women in the control group, for 
an adjusted difference of −7 percentage points 
(95% CI, −12 to 3); neonatal respiratory distress 
was the main driver of the between-group differ-
ence observed for the first primary outcome 
(Table 3). Stillbirths or neonatal deaths were 
infrequent in both trial groups.

Prespecified subgroup analyses suggested the 
possibility of a greater effect of the intervention 
on the composite adverse neonatal outcome 
among the women with a glycemic value in the 
higher range than among those with a value in 
the lower range and among the women who 
underwent OGTT at less than 14 weeks’ gesta-
tion than among those who underwent OGTT at 
14 weeks’ gestation (Fig. 2). Additional primary 
and secondary outcomes according to glycemic 
range and to gestational age at diagnosis are 
provided in Tables S8 and S9, and baseline data 
and OGTT results are provided in Tables S11 to 
S14. At 24 to 28 weeks’ gestation, gestational 
diabetes was diagnosed in 78.0% of the women 
in the subgroup with a higher glycemic range 
and in 51.4% of those in the subgroup with a 
lower glycemic range. No between-group differ-
ences were observed with respect to serious ad-
verse events associated with screening and treat-
ment (Table S15).

Discussion

In this randomized trial involving women who 
had a risk factor for hyperglycemia in pregnancy 
and had received a diagnosis of gestational dia-
betes before 20 weeks’ gestation on the basis of 
WHO criteria,11 those who received immediate 
treatment had a significantly, albeit modestly, 
lower incidence of a composite of adverse neona-
tal events (the first primary outcome) than those 
who received deferred or no treatment. On the 
basis of the 95% confidence interval around the 
estimated difference, the results were compatible 
with anywhere from a 1.2 to a 10.1 percentage-
point reduction in the risk of an adverse neona-
tal outcome event. No significant difference was 
shown with respect to the two other prespecified 



n engl j med   nejm.org 8

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
Ta

bl
e 

2.
 P

ri
m

ar
y 

an
d 

Se
co

nd
ar

y 
Pr

eg
na

nc
y 

O
ut

co
m

es
.*

O
ut

co
m

e
Im

m
ed

ia
te

 T
re

at
m

en
t (

N
 =

 4
00

)
C

on
tr

ol
 (N

 =
 3

93
)

A
dj

us
te

d 
Tr

ea
tm

en
t 

Ef
fe

ct
†

D
iff

er
en

ce
 in

 V
al

ue
 

(9
5%

 C
I)

R
el

at
iv

e 
R

is
k 

(9
5%

 C
I)

Pr
im

ar
y 

Pr
eg

na
nc

y 
O

ut
co

m
es

A
dv

er
se

 n
eo

na
ta

l o
ut

co
m

es
 —

 n
o.

/t
ot

al
 n

o.
 (

%
)‡

 9
4/

37
8 

(2
4.

9)
11

3/
37

0 
(3

0.
5)

 −
5.

6 
(−

10
.1

 to
 −

1.
2)

0.
82

 (
0.

68
 to

 0
.9

8)

Pr
eg

na
nc

y‑
re

la
te

d 
hy

pe
rt

en
si

on
 —

 n
o.

/t
ot

al
 n

o.
 (

%
)§

 4
0/

37
8 

(1
0.

6)
37

/3
72

 (
9.

9)
0.

7 
(−

1.
6 

to
 2

.9
)

1.
08

 (
0.

85
 to

 1
.3

8)

M
at

er
na

l S
ec

on
da

ry
 P

re
gn

an
cy

 O
ut

co
m

es
¶

M
ed

ia
n 

m
at

er
na

l g
es

ta
tio

na
l w

ei
gh

t g
ai

n 
fr

om
 fi

rs
t t

o 
fin

al
 p

re
de

liv
er

y 
vi

si
t 

(I
Q

R
) 

—
 k

g
6.

0 
(2

.0
 to

 9
.5

)
6.

9 
(3

.4
 to

 1
0.

0)
−1

.2
 (

−3
.2

 to
 0

.8
)

N
A

C
es

ar
ea

n 
de

liv
er

y 
—

 n
o.

/t
ot

al
 n

o.
 (

%
)

14
4/

37
7 

(3
8.

2)
14

6/
36

8 
(3

9.
7)

0.
2 

(−
4.

2 
to

 4
.6

)
1.

00
 (

0.
90

 to
 1

.1
3)

In
du

ct
io

n 
of

 la
bo

r 
—

 n
o.

/t
ot

al
 n

o.
 (

%
)

18
7/

37
7 

(4
9.

6)
17

7/
37

2 
(4

7.
6)

 1
.0

 (
−8

.3
 to

 1
0.

3)
1.

02
 (

0.
84

 to
 1

.2
3)

Pe
ri

ne
al

 in
ju

ry
 —

 n
o.

/t
ot

al
 n

o.
 (

%
)

 3
/3

75
 (

0.
8)

13
/3

65
 (

3.
6)

−2
.8

 (
−4

.1
 to

 −
1.

5)
0.

23
 (

0.
10

 to
 0

.5
1)

M
ed

ia
n 

EQ
‑5

D
 s

co
re

 a
t 2

4 
to

 2
8 

w
k 

of
 g

es
ta

tio
n 

(I
Q

R
)‖

0.
83

 (
0.

76
 to

 1
.0

0)
0.

81
 (

0.
73

 to
 1

.0
0)

0.
02

 (
0.

01
 to

 0
.0

4)
1.

03
 (

1.
01

 to
 1

.0
4)

N
eo

na
ta

l S
ec

on
da

ry
 P

re
gn

an
cy

 O
ut

co
m

es
**

N
eo

na
ta

l l
ea

n 
bo

dy
 m

as
s 

—
 k

g
  2

.8
6±

0.
34

  2
.9

1±
0.

33
−0

.0
4 

(−
0.

09
 to

 0
.0

2)
N

A

B
ir

th
 w

ei
gh

t —
 g

32
58

±5
63

33
43

±5
88

−7
2.

1 
(−

12
7.

6 
to

 −
16

.6
)

N
A

La
rg

e ‑
fo

r‑
ge

st
at

io
na

l‑a
ge

 s
ta

tu
s 

—
 n

o.
/t

ot
al

 n
o.

 (
%

)†
†

 6
3/

37
5 

(1
6.

8)
 7

2/
36

8 
(1

9.
6)

−4
.6

 (
−1

1.
8 

to
 2

.5
)

0.
77

 (
0.

51
 to

 1
.1

7)

Sm
al

l ‑f
or

‑g
es

ta
tio

na
l‑a

ge
 s

ta
tu

s 
—

 n
o.

/t
ot

al
 n

o.
 (

%
)†

†
 4

5/
37

5 
(1

2.
0)

34
/3

68
 (

9.
2)

3.
0 

(−
0.

8 
to

 6
.8

)
1.

32
 (

0.
93

 to
 1

.8
5)

U
pp

er
 a

rm
 c

ir
cu

m
fe

re
nc

e 
—

 c
m

10
.8

±1
.4

10
.9

±1
.3

−0
.1

 (
−0

.2
 to

 0
.1

)
N

A

Su
m

 o
f n

eo
na

ta
l c

al
ip

er
 m

ea
su

re
m

en
ts

 —
 m

m
20

.0
±4

.6
21

.5
±5

.4
−1

.4
 (

−2
.2

 to
 −

0.
5)

N
A

N
eo

na
ta

l f
at

 m
as

s 
—

 k
g

  0
.4

5±
0.

17
  0

.4
8±

0.
19

−0
.0

3 
(−

0.
05

 to
 −

0.
01

)
N

A

H
ee

l‑p
ri

ck
 b

lo
od

 g
lu

co
se

 <
29

 m
g/

dl
 w

ith
in

 7
2 

hr
 a

ft
er

 b
ir

th
22

/3
55

 (
6.

2)
14

/3
03

 (
4.

6)
1.

5 
(−

2.
2 

to
 5

.3
)

1.
31

 (
0.

65
 to

 2
.6

6)

H
ee

l‑p
ri

ck
 b

lo
od

 g
lu

co
se

 ≤
40

 m
g/

dl
 a

t 1
 to

 2
 h

r 
af

te
r 

bi
rt

h
 6

1/
32

3 
(1

8.
9)

 5
7/

25
1 

(2
2.

7)
−4

.2
 (

−1
3.

4 
to

 5
.0

)
0.

81
 (

0.
55

 to
 1

.1
9)

M
ed

ia
n 

no
. o

f b
ed

 d
ay

s 
in

 n
eo

na
ta

l s
pe

ci
al

 c
ar

e 
nu

rs
er

y 
or

 n
eo

na
ta

l I
C

U
‡‡

2.
0 

(0
.3

 to
 4

.8
)

2.
0 

(1
.0

 to
 6

.0
)

−0
.8

 (
−1

.3
 to

 −
0.

3)
0.

60
 (

0.
41

 to
 0

.8
9)

* 
 Pl

us
–m

in
us

 v
al

ue
s 

ar
e 

m
ea

ns
 ±

SD
. I

Q
R

 d
en

ot
es

 in
te

rq
ua

rt
ile

 r
an

ge
.

†
 

 Th
e 

95
%

 c
on

fid
en

ce
 in

te
rv

al
s 

fo
r 

th
e 

se
co

nd
ar

y 
ou

tc
om

es
 h

av
e 

no
t 

be
en

 a
dj

us
te

d 
fo

r 
m

ul
tip

lic
ity

 a
nd

 s
ho

ul
d 

no
t 

be
 u

se
d 

in
 p

la
ce

 o
f h

yp
ot

he
si

s 
te

st
in

g.
 F

or
 t

he
 o

ut
co

m
es

 t
ha

t 
ar

e 
re

‑
po

rt
ed

 a
s 

nu
m

be
r/

to
ta

l n
um

be
r 

(p
er

ce
nt

) 
of

 p
ar

tic
ip

an
ts

, t
he

 d
iff

er
en

ce
 in

 v
al

ue
 w

ith
 r

es
pe

ct
 t

o 
th

e 
ad

ju
st

ed
 t

re
at

m
en

t 
ef

fe
ct

 is
 s

ho
w

n 
in

 p
er

ce
nt

ag
e 

po
in

ts
. “

N
A

” 
in

 t
he

 “
re

la
tiv

e 
ri

sk
” 

co
lu

m
n 

de
no

te
s 

no
t 

ap
pl

ic
ab

le
 b

ec
au

se
 t

he
 v

ar
ia

bl
e 

is
 a

 c
on

tin
uo

us
 m

ea
su

re
.

‡
 

 A
dv

er
se

 n
eo

na
ta

l o
ut

co
m

e 
w

as
 a

 c
om

po
si

te
 o

f b
ir

th
 b

ef
or

e 
37

 w
ee

ks
’ g

es
ta

tio
n,

 b
ir

th
 w

ei
gh

t 
of

 4
50

0 
g 

or
 g

re
at

er
, b

ir
th

 t
ra

um
a,

 n
eo

na
ta

l r
es

pi
ra

to
ry

 d
is

tr
es

s,
 p

ho
to

th
er

ap
y,

 s
til

lb
ir

th
 

or
 n

eo
na

ta
l d

ea
th

, o
r 

sh
ou

ld
er

 d
ys

to
ci

a.
 B

ir
th

 t
ra

um
a 

w
as

 d
ef

in
ed

 a
cc

or
di

ng
 t

o 
th

e 
cr

ite
ri

a 
of

 t
he

 I
nt

er
na

tio
na

l A
ss

oc
ia

tio
n 

of
 D

ia
be

te
s 

in
 P

re
gn

an
cy

 S
tu

dy
 G

ro
up

 (
IA

D
PS

G
)16

 a
nd

 
in

cl
ud

es
 s

pi
na

l c
or

d 
in

ju
ry

, p
er

ip
he

ra
l n

er
ve

 in
ju

ry
 o

r 
br

ac
hi

al
 p

le
xu

s,
 b

as
al

 s
ku

ll 
fr

ac
tu

re
 o

r 
de

pr
es

se
d 

sk
ul

l f
ra

ct
ur

e,
 c

la
vi

cu
la

r 
fr

ac
tu

re
, l

on
g 

bo
ne

 fr
ac

tu
re

 (
hu

m
er

us
, r

ad
iu

s,
 u

ln
a,

 
 fe

m
ur

, t
ib

ia
, o

r 
fib

ul
a)

, c
ra

ni
al

 h
em

or
rh

ag
e 

(s
ub

du
ra

l o
r 

in
tr

ac
er

eb
ra

l o
f a

ny
 k

in
d 

[c
on

fir
m

ed
 b

y 
cr

an
ia

l u
ltr

as
on

og
ra

ph
y,

 c
om

pu
te

d 
to

m
og

ra
ph

y,
 o

r 
m

ag
ne

tic
 r

es
on

an
ce

 im
ag

in
g]

).
§ 

 Pr
eg

na
nc

y‑
re

la
te

d 
hy

pe
rt

en
si

on
 w

as
 a

 c
om

po
si

te
 o

f p
re

ec
la

m
ps

ia
, e

cl
am

ps
ia

, o
r 

ge
st

at
io

na
l h

yp
er

te
ns

io
n.

¶
 

 Th
e 

an
al

ys
es

 o
f t

he
 c

on
tin

uo
us

 m
at

er
na

l s
ec

on
da

ry
 p

re
gn

an
cy

 o
ut

co
m

es
 in

cl
ud

ed
 2

87
 w

om
en

 in
 t

he
 im

m
ed

ia
te

‑t
re

at
m

en
t 

gr
ou

p 
an

d 
28

4 
w

om
en

 in
 t

he
 c

on
tr

ol
 g

ro
up

 fo
r 

m
at

er
na

l 
ge

st
at

io
na

l w
ei

gh
t 

ga
in

 fr
om

 fi
rs

t 
to

 fi
na

l p
re

de
liv

er
y 

vi
si

t 
an

d 
31

7 
an

d 
33

4 
w

om
en

, r
es

pe
ct

iv
el

y,
 fo

r 
EQ

‑5
D

 s
co

re
 a

t 
24

 t
o 

28
 w

ee
ks

’ g
es

ta
tio

n.
 O

ne
 w

om
an

 in
 t

he
 im

m
ed

ia
te

‑t
re

at
m

en
t 

gr
ou

p 
re

po
rt

ed
 h

yp
og

ly
ce

m
ia

, w
hi

ch
 w

as
 s

ub
se

qu
en

tly
 d

et
er

m
in

ed
 t

o 
be

 fa
ct

iti
ou

s.
‖ 

 Sc
or

es
 o

n 
th

e 
EQ

‑5
D

 in
de

x 
ra

ng
e 

fr
om

 0
 t

o 
1,

 w
ith

 h
ig

he
r 

sc
or

es
 in

di
ca

tin
g 

be
tt

er
 q

ua
lit

y 
of

 li
fe

.
**

  T
he

 a
na

ly
se

s 
of

 t
he

 c
on

tin
uo

us
 n

eo
na

ta
l s

ec
on

da
ry

 p
re

gn
an

cy
 o

ut
co

m
es

 in
cl

ud
ed

 2
87

 in
fa

nt
s 

bo
rn

 t
o 

w
om

en
 in

 t
he

 im
m

ed
ia

te
‑t

re
at

m
en

t 
gr

ou
p 

an
d 

28
4 

in
fa

nt
s 

bo
rn

 t
o 

w
om

en
 in

 
th

e 
co

nt
ro

l g
ro

up
 fo

r 
ne

on
at

al
 le

an
 b

od
y 

m
as

s;
 3

77
 a

nd
 3

69
 in

fa
nt

s,
 r

es
pe

ct
iv

el
y,

 fo
r 

bi
rt

h 
w

ei
gh

t; 
25

7 
an

d 
24

7 
in

fa
nt

s,
 r

es
pe

ct
iv

el
y,

 fo
r 

up
pe

r 
ar

m
 c

ir
cu

m
fe

re
nc

e;
 2

54
 a

nd
 2

42
 in

fa
nt

s,
 

re
sp

ec
tiv

el
y,

 fo
r 

th
e 

su
m

 o
f n

eo
na

ta
l c

al
ip

er
 m

ea
su

re
m

en
ts

; 2
51

 a
nd

 2
41

 in
fa

nt
s,

 r
es

pe
ct

iv
el

y,
 fo

r 
ne

on
at

al
 fa

t 
m

as
s;

 a
nd

 3
76

 a
nd

 3
68

 in
fa

nt
s,

 r
es

pe
ct

iv
el

y,
 fo

r 
th

e 
nu

m
be

r 
of

 b
ed

 d
ay

s 
in

 a
 n

eo
na

ta
l s

pe
ci

al
 c

ar
e 

nu
rs

er
y 

or
 n

eo
na

ta
l I

C
U

.
†

†
  L

ar
ge

‑s
m

al
l‑f

or
‑g

es
ta

tio
na

l a
ge

 s
ta

tu
s 

an
d 

sm
al

l‑f
or

‑g
es

ta
tio

na
l a

ge
 s

ta
tu

s 
w

er
e 

de
te

rm
in

ed
 w

ith
 t

he
 u

se
 o

f G
es

ta
tio

n 
R

el
at

ed
 O

pt
im

al
 W

ei
gh

t 
(G

R
O

W
) 

so
ft

w
ar

e,
 w

hi
ch

 u
se

s 
cu

st
om

‑
iz

ed
 b

ir
th

‑w
ei

gh
t 

pe
rc

en
til

e 
da

ta
 t

ha
t 

ha
ve

 b
ee

n 
de

fin
ed

 w
ith

 t
he

 u
se

 o
f c

al
cu

la
tio

ns
 fr

om
 t

he
 G

es
ta

tio
n 

N
et

w
or

k 
of

 t
he

 P
er

in
at

al
 I

ns
tit

ut
e 

(g
es

ta
tio

n .
 ne

t)
.

‡‡
  T

he
 m

ed
ia

n 
va

lu
es

 a
nd

 IQ
Rs

 w
er

e 
de

te
rm

in
ed

 a
m

on
g 

al
l t

he
 in

fa
nt

s 
w

ho
 h

ad
 b

ee
n 

ad
m

itt
ed

, a
nd

 th
e 

tr
ea

tm
en

t e
ffe

ct
s 

w
er

e 
de

te
rm

in
ed

 a
m

on
g 

al
l t

he
 in

fa
nt

s 
in

 th
e 

tr
ia

l g
ro

up
s,

 w
ith

 a
 v

al
ue

 
of

 0
 u

se
d 

fo
r 

th
os

e 
w

ho
 h

ad
 n

ot
 b

ee
n 

ad
m

itt
ed

. M
an

y 
fa

ci
lit

ie
s 

ha
d 

co
m

bi
ne

d 
un

its
, a

nd
 w

e 
w

er
e 

un
ab

le
 to

 d
is

tin
gu

is
h 

th
e 

in
fa

nt
s 

in
 th

e 
sp

ec
ia

l c
ar

e 
nu

rs
er

y 
fr

om
 th

os
e 

in
 th

e 
ne

on
at

al
 IC

U
.



n engl j med   nejm.org 9

Treatment of Gestational Diabetes in Early Pregnancy

primary outcomes (pregnancy-related hyperten-
sion and neonatal lean body mass).

The major contributor to the between-group 
difference with respect to the first primary out-
come was neonatal respiratory distress. This 
finding was unexpected because, although respi-
ratory distress is known to occur more frequent-
ly in infants born to women with gestational 
diabetes,21 its incidence was not shown to be 
lower in other trials of treatment for gestational 
diabetes that had been diagnosed at 24 to 28 
weeks’ gestation.14,15,22 The incidence of stillbirth 
or neonatal death was low and similar in the 
two trial groups.

Previous randomized, controlled trials of treat-
ment for gestational diabetes have largely fo-
cused on cases that were diagnosed at 24 to 28 
weeks’ gestation. One trial showed that 1% of 
the patients who had received the intervention 
(dietary advice, blood glucose monitoring, and 
insulin therapy) had serious perinatal complica-
tions (a composite of death, shoulder dystocia, 
bone fracture, or nerve palsy — one of several 
outcomes), as compared with 4% of the patients 
who had received routine care.15 In another trial 
involving women with mild gestational diabetes, 
no significant reduction was observed with re-
spect to a composite primary outcome of still-
birth or perinatal death, hyperbilirubinemia, 
hypoglycemia, hyperinsulinemia, or birth trau-
ma, but lower incidences of pregnancy-related 
hypertension and large-for-gestational-age neo-
nates were reported.14 In our trial, we used a 
composite outcome that included conditions 
that are clinically important but excluded those 
that substantially depend on local practice (e.g., 
cesarean delivery and neonatal ICU admission). 
Because all the women in the control group who 
had received a diagnosis of gestational diabetes 
at 24 to 28 weeks’ gestation received treatment, 
any observed reduction in the risk of adverse 
outcomes can be attributed to early initiation of 
treatment. A previous smaller trial involving 962 
women showed no benefit with early screening 
for gestational diabetes but identified only 69 
women with gestational diabetes; thus, the trial 
was not powered to address the effects of early 
treatment of hyperglycemia on pregnancy out-
comes.22

Exploratory subgroup analyses suggested a 
possible benefit of early treatment with respect 
to the composite adverse neonatal outcome 

among women with OGTT results in the higher, 
but not the lower, glycemic range, as well as 
among those in whom hyperglycemia had been 
identified at less than 14 weeks’ gestation. These 
analyses also suggested that with early treat-
ment, there is a possibility of an increased risk 
of small-for-gestational-age infants among moth-
ers who had OGTT results that were in the 
lower glycemic range (see the Supplementary 
Appendix). Although these analyses were explor-
atory and not adjusted for multiplicity (and thus 
should be viewed as hypothesis generating), they 
suggest the possibility that treatment may be 
more likely to benefit women with higher levels 
of glycemia at early screening and may be more 
likely to confer harm among those with lower 
values. The possibility of harm with treatment 
was previously shown by the finding of in-
creased admissions to the neonatal ICU admis-
sion with early treatment, largely due to small-
for-gestational-age status, in our pilot study.8

Our results showed that a third of the women 
who had received a diagnosis of early gesta-
tional diabetes according to the WHO criteria 
did not have gestational diabetes on repeat OGTT 
at 24 to 28 weeks’ gestation, a finding that was 
consistent with previous observations.23 This 
finding raises questions about whether criteria 
that had been established for OGTT at 24 to 28 
weeks’ gestation can be applied to testing early 
in pregnancy,24 particularly if there is a potential 
for harm, such as an increase in the number of 
small-for-gestational-age births among women 
who had received early treatment.

Confirmatory trials and long-term follow-up 
studies of the offspring are warranted. Similar 
follow-up studies in which the diagnosis of ges-
tational diabetes and treatment occurred later in 
pregnancy have not consistently shown benefits 
in the metabolic status of the offspring.25,26

A key concern in defining criteria for early 
gestational diabetes is the known variation in 
glycemia as pregnancy progresses during the 
first trimester.27 The Glycemic Observation and 
Metabolic Outcomes in Mothers and Offspring 
(GO MOMs) study (ClinicalTrials.gov number, 
NCT04860336), a throughout-pregnancy obser-
vational study, is investigating whether the use 
of continuous glucose monitoring between 10 
and 14 weeks’ gestation would provide better 
understanding of glycemic changes in early 
pregnancy28 and inform criteria for the diagno-



n engl j med   nejm.org 10

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Table 3. Other Pregnancy Outcomes.*

Outcome
Immediate Treatment 

(N = 400)
Control 

(N = 393) Adjusted Treatment Effect†

Difference in Value 
(95% CI)

Relative Risk 
(95% CI)

Components of Primary Adverse Neonatal 
Outcome

Preterm birth — no./total no. (%)‡ 28/377 (7.4) 31/369 (8.4) −1 (−4 to 2) 0.89 (0.63 to 1.26)

Birth weight ≥4500 g — no./total no. (%) 2/377 (0.5) 6/369 (1.6) NR NR

Birth trauma — no./total no. (%)§ 3/374 (0.8) 5/367 (1.4) −0.4 (−1 to 0.2) 0.59 (0.24 to 1.43)

Neonatal respiratory distress — no./total no. (%) 37/376 (9.8) 62/365 (17.0) −7 (−12 to −3) 0.57 (0.41 to 0.79)

Phototherapy — no./total no. (%) 44/374 (11.8) 42/358 (11.7) 0 (−1 to 1) 0.99 (0.87 to 1.13)

Stillbirth or neonatal death — no./total no. (%) 3/378 (0.8) 2/370 (0.5) NR NR

Shoulder dystocia — no./total no. (%) 11/374 (2.9) 11/367 (3.0) −1 (−2 to 1) 0.77 (0.40 to 1.48)

Other maternal outcomes¶

Emergency cesarean delivery — no./total no. (%) 71/377 (18.8) 74/368 (20.1) 1 (−4 to 5) 1.04 (0.86 to 1.27)

Elective cesarean delivery — no./total no. (%) 73/377 (19.4) 72/368 (19.6) −0.5 (−6 to 5) 0.98 (0.76 to 1.25)

Preeclampsia — no./total no. (%)‖ 13/378 (3.4) 9/371 (2.4) 1 (−0 to 2) 1.32 (0.90 to 1.94)

Gestational hypertension — no./total no. (%) 32/378 (8.5) 30/372 (8.1) 0.2 (−1 to 1) 1.03 (0.85 to 1.24)

Maternal blood pressure at admission to birth 
unit — mm Hg

Systolic 121±15 121±14 1.0 (−1.0 to 2.9) NA

Diastolic 75±10 75±10 0.5 (−1.1 to 2.1) NA

Other Neonatal outcomes**

Female sex — no./total no. (%) 179/377 (47.5) 180/368 (48.9) NA

Weeks of gestation at birth 38.2±1.8 38.3±2.0 −0.1 (−0.3 to 0.2) NA

Median birth‑weight percentile (IQR)†† 52 (27 to 81) 55 (30 to 85) −3.0 (−7.9 to 0.1) NA

Median Apgar score (IQR)

At 1 min 9 (9 to 9) 9 (8 to 9) 0.3 (0.1 to 0.5) NA

At 5 min 9 (9 to 9) 9 (9 to 9) 0.1 (0.0 to 0.2) NA

First heel‑prick mean blood glucose at any time 
— mg/dl

56±18 56±20 −0.1 (−0.2 to 0.2) NA

Length — cm 49.5±2.9 49.9±3.2 −0.3 (−0.6 to 0.0) NA

Head circumference — cm 34.4±2.3 34.5±1.8 −0.1 (−0.5 to 0.3) NA

Abdominal circumference — cm 31.6±3.1 31.8±2.7 −0.3 (−0.7 to 0.1) NA

Admission to neonatal special care nursery or 
neonatal ICU — no./total no. (%)

92/376 (24.5) 101/368 (27.4) −3 (−7 to 0) 0.9 (0.73 to 1.07)

*  Plus–minus values are means ±SDs.
†  Adjustment was made for age, prepregnancy body‑mass index, ethnic group, current smoking, primigravidity, university degree or higher 

qualification, and site. The adjusted differences in value and relative risks with respect to birth weight and stillbirth or neonatal death are 
not reported (NR) because they were not calculated owing to small numbers. “NA” in the “relative risk” column denotes not applicable 
because the variable is a continuous measure. The 95% confidence intervals for the other pregnancy outcomes have not been adjusted for 
multiplicity and should not be used in place of hypothesis testing. For the outcomes that are reported as number/total number (percent) 
of participants, the difference in value with respect to the adjusted treatment effect is shown in percentage points. The differences in val‑
ues and the relative risks with respect to the unadjusted treatment effects are provided in Table S11 in the Supplementary Appendix.

‡  Preterm birth was defined as less than 37 weeks’ gestation.
§  Birth trauma was defined according to the criteria of IADPSG16 together with subgaleal hematoma.
¶  The analyses of the other continuous maternal outcomes included 361 women in the immediate‑treatment group and 352 women in the 

control group for systolic blood pressure and 361 and 351 women, respectively, for diastolic blood pressure.
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had been established for the third trimester of 
pregnancy and had not been tested in early preg-
nancy. We specifically recruited women with risk 
factors for hyperglycemia, rather than broadly 
screening for early-pregnancy hyperglycemia; 
hence, the results may not be applicable to 
women without these risk factors. Although our 
trial was conducted in a multiethnic sample, it 
included limited numbers of Black or Hispanic 
women, few of whom live in the trial recruit-
ment countries (Table S16). The percentage of 
women who received pharmacotherapy was high 
(67.4% in the immediate-treatment group and 
45.8% in the control group) but within the range 
seen across Australia among women with gesta-
tional diabetes.32

In this trial involving pregnant women who 
had a risk factor for hyperglycemia, immediate 
treatment of gestational diabetes before 20 weeks’ 

gestation led to a modestly lower incidence of a 
composite of severe adverse neonatal outcomes 
than no immediate treatment. However, between-
group differences with respect to pregnancy-
related hypertension and neonatal lean body 
mass were not significant.
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