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OBJECTIVE: To examine the prevalence of antenatal maternal hypoglycemia after initiation of pharmacotherapy for gestational
diabetes mellitus (GDMA2) and its association with pregnancy outcomes.
STUDY DESIGN: Retrospective cohort of GDMA2 women receiving either insulin or oral hypoglycemic agents. Composite neonatal
outcome included macrosomia, jaundice, respiratory distress syndrome, large for gestational age, shoulder dystocia, birth trauma,
5-minute Apgar < 7, and neonatal hypoglycemia, and was compared between women with and without hypoglycemia using
bivariate and multivariate analyses.
RESULTS: Of 489 women included in the study, 95 (19.4%) had at least one episode of hypoglycemia, most often in the setting of
glyburide. Newborns exposed to maternal hypoglycemia had higher rates of the composite neonatal outcome (54.7% vs. 38.3%,
p= 0.004). After controlling for confounding factors, maternal hypoglycemia remained independently associated with the
composite neonatal outcome (aOR= 1.69, 95% CI 1.04–2.72).
CONCLUSION: Maternal hypoglycemia in GDMA2 was associated with higher rates of adverse neonatal outcomes.
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INTRODUCTION
Gestational diabetes mellitus (GDM) affects up to 10% of
pregnant women in the United States every year [1]. For many
women, pregnancy is the first exposure to insulin or oral
hypoglycemic agents and the subsequent side effects of these
medications. One of the most concerning side effects of
glucose-lowering medications as reported in large randomized
trials is hypoglycemia [2, 3]. Maternal hypoglycemia is seen in
up to 66% of pregnant women receiving treatment for GDM [2–
6]. The risk of hypoglycemia was noted to be higher with insulin
compared to oral hypoglycemic agents in some studies [2–5],
but not in others [6], and the definition of hypoglycemia has
varied over time [2–6]. Further information on perinatal
outcomes accompanying maternal hypoglycemia is lacking.
The effects of hypoglycemia on maternal health can be

profound as seen in women with type 1 diabetes mellitus
(T1DM) in pregnancy, with approximately one quarter to three
quarters of pregnant women experiencing severe symptoms or
requiring treatment [7–9]. The effects of hypoglycemia on the
fetuses of women with T1DM are more challenging to elucidate
as some studies conclude there is no difference, while others
suggest there may be both short and long-term impacts on fetal
neurologic development [10]. Moreover, the initial studies on
hypoglycemia were specific to T1DM and did not include
women with GDM [7–10]. To date, the data on the impact of
hypoglycemia on maternal and neonatal outcomes in women

with GDM is limited. A few studies investigated the association
between maternal hypoglycemia at 1-hour glucose screening
test or at 3-hour confirmatory test [11–15]. They found higher
rates of small-for-gestational age (SGA), higher rates of
preeclampsia and eclampsia, and higher rates of neonatal
intensive care unit (NICU) admissions [11, 12, 14]. However,
these studies evaluated hypoglycemia only at the time of 1-hour
or 3-hour testing, and not the iatrogenic hypoglycemia
secondary to pharmacotherapy for GDMA2.
A 1989 study by Langer et al. found that lower average

glycemic levels were associated with SGA infants [16]. This study
did not specifically evaluate hypoglycemia, and the mean
maternal glucose level in the group with SGA was 88 mg/dL
(4.9 mmol/L). From animal studies, concerning effects of severe,
prolonged hypoglycemia have been demonstrated in rats with
resulting cranial, eye, and skeletal abnormalities in addition to
SGA [17–19]. To date, these findings have not been reproduced
in human studies [10].
Therefore, given the limited data describing the impact of

maternal hypoglycemia on perinatal outcomes in women with
GDMA2, the aim of this study was to evaluate risk factors for
hypoglycemia and to assess the association between maternal
episodes of hypoglycemia and neonatal outcomes in women
with GDMA2. We hypothesized that women who experienced
hypoglycemia would have worse neonatal outcomes than those
who did not.
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MATERIAL AND METHODS
This was a retrospective cohort study of women with a singleton gestation
who delivered in a single tertiary care center between 2011 and 2019.
Institutional review board approval was obtained prior to study initiation.
Women were excluded from the study if they had multiple gestations, fetal
anomalies, or if weekly glucose information was unavailable. Women were
diagnosed with GDM using Carpenter–Coustan two-step approach and
were included if they were 18 years of age or older, met criteria for
GDMA2, and were prescribed either insulin or an oral hypoglycemic agent
(metformin or glyburide) in pregnancy for glycemic control. Women were
considered to have experienced hypoglycemia if at least one value less
than 70mg/dL (or 3.9 mmol/L) was identified in their weekly blood glucose
logs after pharmacotherapy initiation. Baseline maternal characteristics,
pregnancy information, and neonatal outcomes were collected via chart
abstraction.
The primary outcome was a composite neonatal outcome that included

macrosomia, defined as birth weight greater than 4000 grams [20],
jaundice requiring phototherapy, respiratory distress syndrome (RDS),
large for gestational age (LGA) defined as fetal weight greater than the 90th

percentile [21], shoulder dystocia defined as failure to deliver the anterior
shoulder requiring additional maneuvers to facilitate delivery [22], birth
trauma, as documented in the neonatal medical record, 5-minute Apgar
score < 7, and neonatal hypoglycemia, defined as two or more episodes of
glucose levels less than 40mg/dL (2.2 mmol/L). Secondary outcomes
included each individual neonatal outcome from the composite outcome,
as well as small for gestational age (SGA), defined as birth weight less than
the 10th percentile [21], neonatal intensive care unit (NICU) admission,
preterm birth, defined as birth prior to 37 weeks, stillbirth, and
neonatal death.
All statistical analyses were performed with Stata version 14.2 (StataCorp

College Station, TX). Bivariate comparisons of maternal characteristics and
pregnancy outcomes were performed in women with GDMA2 stratified by
presence or absence of maternal hypoglycemia. The composite outcome
and each secondary outcome were compared using Student’s T-test, Chi-
square, Fisher exact test, and Mann-U Whitney as appropriate. Multivariate
analysis was performed using logistic regression while controlling for
confounding factors including maternal age, race and ethnicity, and parity,
as well as those variables that differed between groups in the bivariate
analysis with a p-value of <0.10. A separate backward regression was done
to analyze the relationship between hypoglycemia and maternal
characteristics.

RESULTS
Out of 531 women with GDMA2, 20 were excluded due to
multiple gestations, 4 were excluded due to fetal anomalies, and
18 were excluded due to unavailable weekly glucose logs
information after initiation of pharmacotherapy. Among the 489
women who were included in the study, 95 (19.4%) were
identified as experiencing at least one episode of hypoglycemia
after initiation of pharmacotherapy for GDM. There were no
differences between groups regarding maternal characteristics
including maternal age, body mass index (BMI), nulliparity,
insurance status, race and ethnicity, marital status, tobacco use,
presence of chronic hypertension, managing provider (Endocri-
nologist, General OBGYN, or Maternal-Fetal Medicine physicians),
or gestational age at GDM diagnosis or pharmacotherapy
initiation (Table 1). However, women who had episodes of
hypoglycemia were more likely to have started glyburide as a
first-line pharmacotherapy (62.8% of women with hypoglycemia
versus 34.5% without hypoglycemia, p < 0.001). Among women
who experienced hypoglycemia, the average number of epi-
sodes was 1.9 ± 1.7 over a two-week period and three patients
required admission for hypoglycemia. A total of 5 out of 57
(8.8%) of women on metformin experienced hypoglycemia,
whereas 31 out of 237 (13.1%) and 59 out of 195 (30.3%) of
women experienced hypoglycemia on insulin and glyburide,
respectively.
Table 2 describes pregnancy outcomes stratified by presence of

maternal hypoglycemia. In bivariate analyses, the rate of the
primary outcome, the composite neonatal outcome, was more
frequent among women with hypoglycemic episodes compared

with controls (54.7% vs. 38.3%, p= 0.004). When looking at
individual outcomes, infants of women who experienced hypo-
glycemic episodes were more likely to have the following adverse
outcomes: 5-minute Apgar score < 7, birth trauma, and neonatal
hypoglycemia (Table 2). When examining secondary outcomes,
there was one case of stillbirth in the hypoglycemia group and no
cases of stillbirth or neonatal death in the control group. The rest
of the secondary outcomes did not differ between the groups.
After controlling for confounding variables, including maternal
age, nulliparity, medication chosen as first line agent, maternal
race and ethnicity, and type of managing provider, increased rates
of the composite neonatal outcome and neonatal hypoglycemia
persisted in women who experienced hypoglycemic episodes
(Table 3).
A separate backward regression analysis was performed to

analyze the relationship between maternal characteristics and
hypoglycemia after pharmacotherapy initiation. We identified the
following risk factors for maternal hypoglycemia: maternal non-
Hispanic Black race and ethnicity (aOR 6.53, 95% CI 2.10–20.29)
and glyburide use as a first-line therapy for GDM (aOR 3.51, 95% CI
1.43–8.62) (Table 4). GDMA2 management by General OBGYN or
Endocrinology was noted to be associated with lower rates of
hypoglycemia compared to management by Maternal-Fetal
Medicine specialists (MFM) (aOR 0.36, 95% CI 0.14–0.94 and aOR
0.23, 95% CI 0.07–0.82, respectively) (Table 4).

DISCUSSION
Our study identified hypoglycemia in 19.4% of women at the
onset of medication initiation for GDMA2, with persistently higher
rates of the composite neonatal outcome after controlling for
confounding factors. Use of glyburide and maternal non-Hispanic
Black race and ethnicity were independently associated with an
increased risk for experiencing hypoglycemia and having received
initial diabetic care from a General OB/GYN or Endocrinologist was
associated with a decreased risk compared with MFM.
Maternal hypoglycemia in women with GDMA2 has been reported

as a side effect observed in randomized trials [2–6]. The 19.4% rate of
hypoglycemia we identified in our study falls within the wide range
seen in previous randomized studies—between 2% to 66% of
subjects [2–6]. The substantial variance in the overall rate of
hypoglycemia among these studies is largely due to both the
wide-ranging frequency of glucose assessments performed and the
definition of hypoglycemia utilized [2–6]. For example, study by
Yogev et al. utilized a cutoff of 50mg/dL (2.8mmol/L) for women
undergoing continuous glucose monitoring and found that 26 of 55
(47.3%) of women with GDM experienced hypoglycemia [5]. Langer
et al. used a cutoff of 40mg/dL (2.2mmol/L) to define maternal
hypoglycemia and when evaluating blood glucose values 4 times
per day, found rates between 2–20% [4].
In regard to the effect of medication utilized on rates of

hypoglycemia, Yogev et al. found hypoglycemia was more
prominent with insulin use (63%) compared to glyburide (28%)
[5]. Langer et al. also showed higher rates of hypoglycemia with
insulin (20%) compared to glyburide (4%) [4]. Conversely,
Jacobson et al. evaluated over 500 women and found that the
rates of maternal hypoglycemia were higher with glyburide (20%)
than with insulin (8%) [6] The reason behind these differences is
difficult to ascertain; however, it is likely attributable to the varied
definition of hypoglycemia and the frequency with which blood
glucose values were assessed.
In addition to the use of glyburide, we found that non-Hispanic

Black maternal race and ethnicity were associated with higher rates
of hypoglycemia among women with GDMA2. Prior studies have
found that Black women demonstrate a lower prevalence of GDM
when compared to Hispanic and Asian counterparts [23–25]. These
published studies did not investigate the occurrence of maternal
hypoglycemia. A 1993 study of Black women in South Africa found
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Table 2. Description of neonatal outcomes stratified by maternal hypoglycemia.

No Hypoglycemia N= 394 Hypoglycemia N= 95 p-value

Composite neonatal outcome+ 151 (38.3%) 52 (54.7%) 0.004

5-minute Apgar < 7 14 (3.6%) 9 (9.6%) 0.013

Macrosomia 39 (9.9%) 9 (9.5%) 0.901

Large for gestational age 55 (14.0%) 15 (15.8%) 0.648

Shoulder dystocia 15 (3.8%) 4 (4.2%) 0.862

Birth trauma 1 (0.3%) 2 (2.1%) 0.039

Jaundice requiring
phototherapy

30 (7.8%) 9 (9.7%) 0.546

Neonatal hypoglycemia 75 (19.4%) 32 (34.4%) 0.002

Respiratory distress syndrome 11 (2.8%) 5 (5.4%) 0.218

Birth weight (grams) 3,365 ± 595 3,300 ± 618 0.350

NICU Admission 30 (7.7%) 11 (11.7%) 0.205

Small for gestational age 22 (5.6%) 7 (7.4%) 0.509

Preterm birth 50 (12.7%) 14 (14.7%) 0.596

Stillbirth or neonatal death 0 (0.0%) 1 (1.1%) 0.041

All data presented as N (%) or mean ± SD, NICU= neonatal intensive care unit
+Includes: 5-minute Apgar <7, macrosomia, large for gestational age, shoulder dystocia, birth trauma, jaundice, neonatal hypoglycemia, respiratory distress
syndrome

Table 1. Baseline and pregnancy characteristics stratified by presence of maternal hypoglycemia.

No Hypoglycemia N= 394 Hypoglycemia N= 95 p-value

Age (years) 31.7 ± 5.1 31.8 ± 5.1 0.856

Early pregnancy body mass index (kg/m2) 34.2 ± 8.0 33.4 ± 8.0 0.376

Nulliparity 119 (30.2%) 30 (31.6%) 0.068

Insurance (n= 479)

Private 232 (60.1%) 57 (61.3%) 0.651

Public 122 (31.6%) 26 (28.0%)

None 32 (8.3%) 10 (10.7%)

Maternal race and ethnicity

Non-Hispanic White 220 (55.8%) 46 (48.4%) 0.360

Non-Hispanic Black 66 (16.8%) 23 (24.2%)

Hispanic 41 (10.4%) 9 (9.5%)

Other 67 (17.0%) 17 (17.9%)

Marital status (n= 458)

Married 247 (66.9%) 62 (69.7%) 0.330

Single 111 (30.1%) 22 (24.7%)

Divorced 11 (3.0%) 5 (5.6%)

Tobacco use during pregnancy 35 (8.9%) 6 (6.5%) 0.257

Chronic hypertension 24 (6.1%) 2 (2.1%) 0.120

Managing provider (n= 485)

Maternal-Fetal Medicine 87 (22.3%) 24 (25.5%) 0.059

Endocrinology 109 (27.9%) 15 (16.0%)

General OB/GYN 195 (49.9%) 55 (58.5%)

Gestational age at diagnosis (weeks) 25.8 6.0 25.5 5.5 0.733

Gestational age at treatment (weeks) 29.1 5.9 29.5 5.0 0.503

Gestational age at delivery (weeks) 38.2 1.7 37.9 2.3 0.176

Medication as initial treatment

Metformin 52 (13.2%) 5 (5.3%) <0.001

Insulin 206 (52.3%) 31 (31.6%)

Glyburide 136 (34.5%) 59 (62.1%)

All data presented as N (%) or mean ± standard deviation (SD)
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14.4% prevalence of hypoglycemia in insulin-dependent diabetic
mothers, but close to 60% of patients in that study had
pregestational diabetes [26]. While there is data demonstrating
Black women are at greater risk of developing preeclampsia and
hypertension after GDM diagnosis [27–29], our study is the first to
suggest non-Hispanic Black women with GDMA2 may be more
likely to experience hypoglycemia. For a genetic explanation, we
look at a 2015 study by Schmella et al. which found that Black
women were more likely to harbor a polymorphism in the gene for

lipoprotein lipase, resulting in lower triglyceride concentrations in
the third trimester [30]. While this may initially seem protective, the
study concludes that the effects of this polymorphism are not well
understood in overall pregnancy outcomes, and may result in
maternal hypoglycemia [30].
Our results also suggest that management of GDMA2 by an MFM

specialist was associated with increased rates of maternal hypogly-
cemia. This may be due to discrepancies in what constitutes a
diagnosis of diabetes in pregnancy or intensity of treatment
approaches [31]. Further, standards set by the American College of
Obstetrician-Gynecologists, American Diabetes Association, and
International Association of Diabetes and Pregnancy Study Groups
all differ in medication initiation criteria after medical nutritional
therapy failure [32]. Additionally, MFM physicians are more likely to
care for complex patients with GDM, potentially increasing their risk
of complications, including hypoglycemia.
Finally, our study found that GDMA2 women who experience

hypoglycemia are more likely to have neonates with hypoglycemia.
While there is ample evidence to demonstrate a direct association
between GDM and neonatal hypoglycemia [33, 34], there is limited
data examining the relationship between maternal hypoglycemia
and neonatal hypoglycemia. Given oral hypoglycemic agents’ ability
to cross the placenta, studies have shown glyburide specifically
increases the likelihood of neonatal hypoglycemia—but its presence
in umbilical cord blood is highly variable [35]. Genetic variances in
drug metabolism in the context of pregnancy may be considered as
an explanation, though it remains to be studied. Prior studies have
found that appropriate antenatal glucose control is less likely to lead
to neonatal hypoglycemia, but a very tight maternal glucose control
may contribute further to this outcome [36].
Our study has several limitations. First, exclusion of subjects

without glucose information available may have led to an
incidental bias. Second, we performed dichotomized analysis by
presence or absence of hypoglycemia episodes. We did not
control the analysis for the number of hypoglycemic episodes, due
to overall small number of women that had multiple episodes of
hypoglycemia. In addition, we did not collect data on the dose of
oral antidiabetic medication or insulin regimen that each patient
in our study has received and thus unable to comment on the
association between hypoglycemia and medication dose. We also
did not control for temporal relationship between timing of
hypoglycemia and delivery. Strengths of our study include a

Table 3. Unadjusted and adjusted analyses for the association between maternal hypoglycemia and adverse neonatal outcomes.

Unadjusted OR 95% CI Adjusted OR* 95% CI

Composite neonatal outcome+ 1.95 1.24–3.06 1.69 1.04–2.72

5-minute Apgar < 7 2.87 1.20–6.86 2.32 0.92–5.82

Macrosomia 0.95 0.44–2.04 0.86 0.39–1.91

Large for gestational age 1.16 0.62–2.15 1.08 0.56–2.07

Shoulder dystocia 1.10 0.36–3.41 0.98 0.30–3.22

Birth trauma 8.39 0.75–93.48 14.90 0.75–294.08

Jaundice requiring
phototherapy

1.27 0.58–2.78 1.05 0.46–2.41

Neonatal hypoglycemia 2.18 1.33–3.59 1.92 1.13–3.26

Respiratory distress syndrome 1.95 0.66–5.76 1.79 0.57–5.58

NICU Admission 1.60 0.77–3.32 1.62 0.74–3.53

Small for gestational age 1.35 0.56–3.25 1.54 0.60–3.95

Preterm delivery 1.19 0.63–2.26 1.34 0.68–2.64

Stillbirth or neonatal death 1 – 1 –

NICU= neonatal intensive care unit
*Controlled for maternal age, nulliparity, maternal race and ethnicity, managing provider, type of medication prescribed
+Includes: 5-minute Apgar < 7, macrosomia, large for gestational age, shoulder dystocia, birth trauma, jaundice, neonatal hypoglycemia, respiratory distress
syndrome

Table 4. Factors associated with maternal hypoglycemia.

Adjusted OR 95% CI

Age 1.05 0.97–1.14

Nulliparity 0.80 0.36–1.78

Maternal race/ethnicity

White Ref Ref

Non-Hispanic Black 6.53 2.10–20.29

Hispanic 1.14 0.36–3.65

Other 1.17 0.40–3.38

Marital status

Single Ref Ref

Married 1.71 0.69–4.23

Divorced/Separated 0.26 0.87–60.48

Tobacco use 0.50 0.11-–2.31

Managing provider

Maternal-Fetal Medicine Ref Ref

General Obstetrician/Gynecologist 0.36 0.14–0.94

Endocrinology 0.23 0.07–0.82

Gestational age at diagnosis (weeks) 0.93 0.80–1.10

Gestational age at treatment (weeks) 1.07 0.90–1.26

Medication as initial treatment

Insulin Ref Ref

Metformin 0.77 0.13–4.45

Glyburide 3.51 1.43–8.62

Bolded text represents statistical significance
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granular review of medical charts of each study subject including
review of the weekly blood glucose log and an innovative
research question.
In conclusion, we have described neonatal outcomes of women

who experience hypoglycemia while undergoing pharmacologic
treatment of GDMA2. Our study identified that women who were
hypoglycemic were more likely to be on glyburide, to be Non-
Hispanic Black, and to have an MFM as the managing provider.
Infants exposed to maternal hypoglycemia were more likely to
experience a composite adverse neonatal outcome. Further
prospective studies are needed to elucidate the full impact of
maternal hypoglycemia on pregnancy outcomes after pharma-
cotherapy initiation for GDM.
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