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Intrapartum Glucose Management in
Women With Gestational Diabetes Mellitus
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OBJECTIVE: To assess the effect of tight compared with

liberalized intrapartum maternal glucose management

on neonatal hypoglycemia risk in pregnancies compli-

cated by gestational diabetes mellitus (GDM).

METHODS: This was a randomized controlled trial of

women with singleton gestations and GDM attempting

vaginal delivery. After written informed consent, women

were randomly allocated to one of two intrapartum

maternal glucose management protocols: tight control

(glucose measurements hourly and treatment for mater-

nal glucose levels lower than 60 mg/dL or greater than

100 mg/dL) or liberalized control (glucose measurements

every 4 hours and treatment for maternal glucose levels

lower than 60 mg/dL or greater than 120 mg/dL). The

primary outcome was the first neonatal blood glucose

level; a total sample size of 74 was necessary to have 80%

power to detect a mean difference of 10 mg/dL between

groups. Secondary outcomes included neonatal blood

glucose concentrations within the first 24 hours of life,

number of glucose treatments (intravenous or oral)

received to treat neonatal hypoglycemia, neonatal inten-

sive care unit admission, and neonatal hyperbilirubine-

mia.

RESULTS: From February 2016 to April 2018, 76 women

were randomized (38 in each group), and all were

included in the analysis. Baseline characteristics of the

two groups were comparable for all relevant obstetric

variables; mean gestational age was 39 weeks in both

groups. Antepartum, two thirds of women in each group

were treated medically (almost exclusively with insulin).

The primary outcome was similar between the tight and

liberalized control groups: 53 mg/dL vs 58 mg/dL, mean

difference 24.18, 95% CI 212.66 to 4.29. However, mean

neonatal glucose level within the first 24 hours of life was

lower in the tight control group: 54 mg/dL vs 58 mg/dL,

mean difference 23.39, 95% CI 27.07 to 0.29. Other

secondary outcomes were similar between groups.

CONCLUSION: A protocol aimed at tight maternal

glucose management in labor compared with liberalized

management for women with GDM did not result in

better initial neonatal glucose concentrations and was

associated with lower mean neonatal blood glucose

levels in the first 24 hours of life. This study supports

raising the upper threshold for intrapartum maternal

glucose and decreasing the frequency of intrapartum

glucose assessment for women with GDM.
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Gestational diabetes mellitus (GDM) is one of the
most common medical complications of preg-

nancy.1,2 Estimates from 2018 suggest that GDM
complicates up to 14% of all pregnancies.1,3 Neonatal
hypoglycemia is a common and well-described com-
plication among neonates born to mothers with
GDM,1,3–5 and studies have linked elevated intrapar-
tum maternal glucose levels with neonatal hypoglyce-
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mia.4–8 Although guidelines exist for the management
of intrapartum maternal glucose levels among women
with type I and type II diabetes mellitus,4,6,9 there is
a paucity of data guiding intrapartum management of
blood glucose levels in women with GDM. Thus, in-
trapartum glucose management among women with
GDM varies by geography and institution.10 Indeed,
at our institution, frequency of intrapartum maternal
glucose monitoring is provider-dependent and varies
from the conservative and frequent (hourly for all
patients with GDM, regardless of need for antepartum
medical therapy) to minimal (once intrapartum for
those managed with diet alone). This is likely due to
lack of recommendations from professional societies
such as the American College of Obstetricians and
Gynecologists or the American Diabetes Associa-
tion.1,11 Therefore, the goal of this study was to com-
pare the effect of two protocols (liberalized vs tight
control) for intrapartum glucose management among
women with GDM on neonatal blood glucose levels
shortly after birth.

METHODS

This study was conducted at a single institution,
Women & Infants Hospital in Providence, Rhode Is-
land, was approved by the hospital’s institutional
review board (Protocol # 809018-13), and was regis-
tered with ClinicalTrials.gov (NCT02596932). Inclu-
sion criteria were maternal age of at least 18 years,
a diagnosis of GDM, singleton gestation without major
fetal anomalies, and fluency in English or Spanish.

Women were not eligible if they had a diagnosis
of pregestational diabetes, multiple gestations, a major
fetal anomaly anticipated to require neonatal intensive
care unit (NICU) admission, or a planned cesarean
delivery. At the initial GDM visit, patients had
a thorough medical history taken and were considered
to be without a history of pregestational diabetes if
they had never received a formal diagnosis before
pregnancy. Additionally, as an exclusion criterion,
any patient with a hemoglobin A1c level of 6.5% or
higher was deemed ineligible.

To standardize antepartum GDM management,
all patients were recruited from and received prenatal
care through the Diabetes in Pregnancy Program at
Women & Infants Hospital (a dedicated diabetes
clinic managed by maternal–fetal medicine physi-
cians). The diagnosis of GDM was primarily made
based on Carpenter-Coustan criteria for a 100-g 3-
hour oral glucose tolerance test (OGTT) (two or more
abnormal values, with normal values defined as fast-
ing blood glucose lower than 95 mg/dL, 1-hour lower
than 180 mg/dL, 2-hour less than 155 mg/dL, and 3-

hour less than 140 mg/dL) or a 50-g 1-hour OGTT of
at least 200 mg/dL. When women were unable to
tolerate an OGTT, they underwent an intravenous
glucose tolerance test and the diagnosis of GDM
was made when glucose clearance was less than a pre-
determined threshold based on gestational age; alter-
natively, they recorded fasting and postprandial blood
sugar levels for 1 week and ruled in for the diagnosis
of GDM with greater than 25% abnormal values (nor-
mal values defined as fasting lower than 95 mg/dL
and 2-hour postprandial lower than 120 mg/dL).

Informed consent was obtained at the initial GDM
visit, but randomization was delayed until 36 weeks of
gestation to avoid including women who delivered
preterm or those for whom cesarean delivery was
planned. Participants were randomly allocated in a 1:1
ratio to one of two intrapartum glucose management
protocols: tight or liberalized control. In the tight
glucose control group, glucose level was checked
hourly, goal blood glucose was 70–100 mg/dL, and
treatment was initiated for a single maternal blood glu-
cose level greater than 100 mg/dL or lower than 60
mg/dL. In the liberalized control group, blood glucose
level was checked every 4 hours (in the absence of
symptoms), goal blood glucose was 70–120 mg/dL,
and treatment was initiated for a single maternal blood
glucose level greater than 120 mg/dL or lower than 60
mg/dL. All intrapartum maternal glucose testing was
point-of-care capillary glucose testing via fingerstick.

Permutated block randomization with varying block
sizes was used to stratify randomization by antepartum
GDM management (diet or medical management). The
randomization list was generated using Sealed Envelope
Ltd. 2015, and then sequentially numbered opaque
sealed envelopes opened by the principal investigator
at the time of randomization were used to allocate
patients to their respective groups. Once randomized,
an automated alert was generated in the electronic
medical record that became active on admission for
delivery. To ensure antepartum management of GDM
was not affected by study participation or group alloca-
tion, neither the patient nor treating providers were
aware of group allocation until admission for delivery.
Although study participants, hospital staff, and obstetric
care providers were not blinded to intrapartum group
allocation, neonatal care providers were unaware of
maternal group allocation.

In our hospital, cervical ripening occurs on a sepa-
rate antepartum unit, and, during cervical ripening,
maternal glucose management was left to the discretion
of the treating provider. However, on arrival to the labor
floor, the allocated intrapartum management protocol
was activated. This was accomplished with computer-
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generated order sets specific to each protocol; these
order sets were designed to specify the frequency of
intrapartum maternal glucose checks and call parame-
ters for nursing staff to alert the responsible physician if
maternal glucose levels were outside the targeted range,
required intervention, or both. All obstetric providers
caring for study patients and labor and delivery room
nursing staff attended education sessions to review the
study aims and protocol; additionally, physicians and
staff were provided laminated reference cards designed
to be worn with their hospital identification badges (Fig.
1). These cards outlined the treatment algorithms and
were intended to ease communication and facilitate
treatment according to protocol. Women did not need
to be on nothing-by-mouth status to begin labor induc-
tion; although not allowed to eat solid food in labor,
they were allowed a clear liquid diet consisting of low-
sugar or sugar-free liquids.

Data were abstracted from the medical record of
all study participants and neonates during the hospi-
talization and up to 16 weeks postpartum to assess for
maternal postpartum compliance with the recommen-
ded postpartum OGTT.

The primary outcome for the study was the first
neonatal blood glucose level measured after birth. At our
institution, it is policy that all neonates of mothers
diagnosed with diabetes (including GDM) receive point-
of-care capillary glucose testing via heel-stick within the
first 2 hours of life or as close to that time as clinical care

allows. Neonatal hypoglycemia was defined as a blood
glucose level lower than 40 mg/dL within the first 24
hours of life. We determined the sample size for this study
a priori based on data describing normal neonatal blood
glucose levels at birth12–16 as well as the neonatal hypo-
glycemia treatment algorithm used in our institution, in
which the threshold for intervention was neonatal blood
glucose level lower than 40 mg/dL. Although a value of
less than 40 mg/dL does not necessitate immediate NICU
admission, it does trigger initiation of an algorithm that is
used to raise blood glucose levels into the normal range. If
these interventions are ineffective or if the neonate is
symptomatic, the neonate is admitted to the NICU.

Assuming a normal neonatal blood glucose level
of 40 mg/dL or higher, an SD of 15 mg/dL, to detect
a 10-mg/dL difference in mean neonatal blood
glucose levels between groups (two-tailed a50.05,
b50.2), 37 participants per group were required. Sec-
ondary outcomes included neonatal blood glucose
concentrations within the first 24 hours of life, number
of glucose treatments (intravenous or oral) neonates
received to treat hypoglycemia, NICU admission, and
neonatal hyperbilirubinemia. Data analysis was per-
formed using Stata 15.1. Categorical variables were
compared by x2 or Fisher exact test, and continuous
variables were compared by t test or nonparametric
Wilcoxon rank-sum test for data that were not nor-
mally distributed. P values were two-sided, and P,.05
was considered significant.

Fig. 1. Intrapartum glucose management treatment protocols. Tight vs liberalized control study (TLC) protocol A: tight
control (every 1-hour glucose point of care [POC]). If more than two glucose values are greater than 100, consider initiating
insulin drip. TLC protocol B: liberalized control (every 4-hour glucose POC). If persistent glucose values greater than 200,
consider initiating insulin drip.
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RESULTS

From February 2016 to April 2018, 87 eligible women
were consented for enrollment (Fig. 2). Among con-
sented women, a total of 11 were excluded: five deliv-
ered before randomization, five underwent scheduled
cesarean delivery (owing to malpresentation or
patient no longer desiring trial of labor after cesarean
delivery), and one was found to have a fetus with
a major malformation. Therefore, 76 patients under-
went randomization, and all were included in the data
analysis.

Maternal demographics were similar between
groups (Table 1). Forty percent of patients had hemo-
globin A1c values measured antepartum, 15 in the
tight control group and 14 in the liberalized control
group; these values did not differ (median [interquar-
tile range] 5.4% [5.3–5.8] for tight control vs 5.5%
[5.1–5.8] for liberalized control, P5.79). Among
women treated medically, the amount of short-acting
and long-acting units of insulin used daily to manage
maternal glucose levels antepartum did not differ
between groups (median [interquartile range] short-
acting units: 21 [12–46] for tight control vs

14 [0–28] for liberalized control, P5.06; long-acting
units: 41 [22–50] for tight control vs 30 [20–50] for
liberalized control, P5.59).

Maternal glucose levels did not differ intrapartum
(median [range] 85 mg/dL [52–138 mg/dL] in the
tight control group vs 87 mg/dL [68–121 mg/dL] in
the liberalized control group, P5.84). More women in
the tight control group had glucose levels that ex-
ceeded the upper protocol threshold (45% vs 8%,
P5.01) and received insulin for treatment of maternal
hyperglycemia according to protocol (32% vs 3%,
P5.01) (Table 2). Owing to protocol violations, not
all women qualifying for treatment of maternal hyper-
glycemia received intrapartum treatment according to
protocol specifications; however, the rate at which this
transpired did not differ between groups (median [in-
terquartile range] number of missed treatments 1 [1–
2] in the tight control group vs 2 [2–2] in the liberal-
ized control group, P5.44).

Mean birth weight did not differ between groups
(mean6SD 3,3596388 g in the tight control group vs
3,3176404 g in the liberalized control group), and
other neonatal characteristics were also similar
between groups (Table 3). In total, 84% of neonates
in the tight control group and 76% of neonates in the
liberalized control group had blood glucose levels
checked within 2 hours of birth (P5.57). Median time
from birth to first neonatal blood glucose measure-
ment was 90 minutes (range 50–135) in the tight con-
trol group and 96 minutes (range 43–149) in the
liberalized control group (P5.19) (Table 3).

There was no statistically significant difference in
the primary outcome, mean first neonatal blood
glucose (53616 mg/dL in the tight control group vs
58621 mg/dL in the liberalized control group, mean
difference 24.18, 95% CI 212.66 to 4.29) (Table 4).

Authors’ Data Sharing Statement

Will individual participant data be available (including
data dictionaries)? Yes

What data in particular will be shared? Deidentified
patient data/abstracted variables

What other documents will be available? Study protocol
and data abstraction sheets

When will data be available (start and end dates)? When
the final version of the manuscript is published through
6/2022

By what access criteria will data be shared? By contact
ing the principal investigator

Fig. 2. Enrollment and randomization of study participants.
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However, within the first 24 hours of life, mean neo-
natal glucose levels were lower in the tight control
group (5468 mg/dL vs 5868 mg/dL, mean difference
23.39, 95% CI 27.07 to 0.29). The proportion of
neonates with blood glucose levels less than 40 at
any time during the first 24 hours of life was the same
between groups at 24% (nine neonates in each group).
The median number of glucose evaluations in the first
24 hours of life was similar (five [range 3–19] in the
tight control group vs four [range 4–11] in the liber-
alized control group, P5.11). The mean number of
hours until neonates’ blood glucose levels normalized
was 7 (611) in the tight control group and 2 (64) in

the liberalized control group (P5.14). Six neonates
were admitted to the NICU (five in the tight control
group and one in the liberalized control group, P5.2).
Of note, all NICU admissions in the tight control
group were for neonatal hypoglycemia. The neonate
admitted to the NICU from the liberalized control
group was admitted for temperature instability.

DISCUSSION

In this randomized trial of women with GDM, a pro-
tocol aimed at tight maternal glucose management in
labor compared with liberalized management for
women with GDM did not result in a lower rate of

Table 1. Antepartum and Intrapartum Baseline Maternal Characteristics

Variable Tight Control (n538) Liberalized Control (n538)

Maternal age (y) 30 (26–33) 30 (26–34)
Race

White 19 (50) 23 (61)
African American 9 (24) 4 (10)
Other 10 (26) 11 (29)

Ethnicity
Hispanic 17 (45) 18 (47)
Non-Hispanic 11 (29) 14 (37)
Other 10 (26) 6 (16)

Nulliparity 12 (32) 14 (37)
BMI (kg/m2)

1st prenatal visit 30 (26–35) 33 (28–38)
At delivery 34 (29–39) 36 (33–41)

Prior pregnancy complicated by GDM 11 (29) 11 (29)
Gestational age at GDM diagnosis (wk) 2765 2667
Diet management of GDM 12 (32) 13 (34)
Medical management of GDM 26 (68) 25 (66)

Insulin 25 (96) 25 (100)
Insulin and metformin 1 (4) 0 (—)

Gestational age at medication initiation (wk) 3265 3164
Gestational age at delivery (wk) 3960.9 3960.8
Induction of labor 30 (79) 31 (82)
Labor duration (h)* 9 (5–14) 10 (7–13)

Data are median (interquartile range), n (%), or mean6SD.
* Defined as time spent on labor floor undergoing glucose management per assigned protocol.

Table 2. Intrapartum and Postpartum Maternal Characteristics

Variable Tight Control (n538) Liberalized Control (n538) P

No. of intrapartum maternal glucose measurements 866 362 .01
Maternal glucose values (mg/dL) 85 (80–94) 87 (78–93) .84
Any glucose value exceeding upper protocol threshold 17 (45) 3 (8) .01
Insulin for maternal hyperglycemia 12 (32) 1 (3) .01
Insulin units administered 5 (2–7) 3 (—) .80
Maternal hypoglycemia 6 (16) 3 (8) .31
Spontaneous vaginal delivery 31 (82) 29 (76) .91
Time from admission to delivery (h) 18610 22623 .79
OGTT postpartum 18 (47) 19 (50) .88

OGTT, oral glucose tolerance test.
Data are mean6SD, median (interquartile range), or n (%) unless otherwise specified.
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neonatal hypoglycemia and was associated with mean
neonatal blood glucose levels closer to hypoglycemia
(40 mg/dL) in the first 24 hours of life. This study has
several strengths. First, it was randomized, and,
although patients and providers were not blinded to
maternal intrapartum group assignment, neonatal
providers were blinded to maternal study group
allocation. Second, antepartum management was
standardized. We achieved our a priori sample size
of 74 patients (76 patients included in the analyses)
and had outcome data on 100% of mothers and
neonates. Study data were abstracted directly from
patient records and were not subject to the limitations
of coded data. Finally, the intervention’s simplicity
should make replication in other centers easy and
feasible.

The study has two main limitations. First, we
assessed outcomes for, at most, 16 weeks postpartum,
and thus cannot report on differences in long-term
outcomes for mothers or neonates. Second, the study
was designed to examine early neonatal blood glucose
levels but was not of sufficient size to adequately
assess differences in NICU admission rates or infre-
quent neonatal outcomes.

Evidence-based guidelines and protocols have
been used for the treatment of other medical compli-
cations of pregnancy, such as hypertension.17,18 Based
on a PubMed search from inception to December
2018 using the terms “GDM,” “glucose monitoring,”
“intrapartum glucose management” and “labor,” this
study is the first of its kind comparing two intrapartum
glucose management protocols among women with
GDM. Its implications may extend beyond neonatal
blood glucose measurements. In this cost-conscious
health care climate, appropriate resource utilization
and cost minimization have become paramount. Spac-
ing intrapartum glucose assessment to 4-hour intervals
is cost-saving both directly (eg, testing supplies and
laboratory fees) and indirectly (nursing effort) as long
as it does not increase costly complications such as
neonatal hypoglycemia. Additionally, a woman’s in-
trapartum course is a large component of her total
birth experience. Eliminating superfluous glucose test-
ing may lead to better patient satisfaction and an over-
all improved labor experience, although we did not
measure these outcomes.

In summary, for women with GDM, our study
found no benefit to tight control of glucose levels in

Table 3. Neonatal Characteristics

Variable Tight Control (n538) Liberalized Control (n538) P

Birth weight (g) 3,3596388 3,3176404 .65
5-min Apgar score 9 or higher 37 (97) 38 (100) .99
Neonatal glucose measured within 2 h of birth 32 (84) 29 (76) .57
Time from birth to 1st glucose measurement (min) 90 (76–108) 96 (77–119) .19
Exclusive breastfeeding 17 (45) 21 (55) .49

Data are mean6SD, n (%), or median (interquartile range) unless otherwise specified.

Table 4. Primary and Secondary Outcomes

Variable Tight Control (n538) Liberalized Control (n538) P

Primary outcome
1st neonatal glucose measurement (mg/dL) 53616 58621 .60

Secondary outcomes
Mean glucose level in first 24 h of life (mg/dL) 5468 5868 .049
Proportion with glucose levels lower than 40 mg/dL

within 2 h of birth
9 (24) 9 (24) .99

Proportion with glucose levels lower than 50 mg/dL
within 2 h of birth

17 (45) 15 (40) .80

Received any intervention for hypoglycemia (oral, IV, or both)* 17 (45) 12 (32) .35
Received IV intervention for hypoglycemia 4 (11) 0 (0) .12
NICU admission 5 (13) 1 (3) .20
NICU admission for hypoglycemia 5 (100) 0 (—) .17
Neonatal hyperbilirubinemia 13 (34) 11 (29) .81

IV, intravenous, NICU, neonatal intensive care unit.
Data are mean6SD or n (%) unless otherwise specified.
* Threshold for intervention was neonatal blood glucose level lower than 40 mg/dL at any time within the first 24 hours of life.
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labor and instead supports glucose assessment every
4 hours, with intervention only if the maternal
glucose level is lower than 60 mg/dL or greater
than 120 mg/dL.
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