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Gestationaldiabetesmellitus (GDM) isa commoncomplication
seen in pregnancy, with an estimated incidence of 6 to 7%.1

GDM in singleton pregnancies has been associated with
adverse pregnancy outcomes, including macrosomia, birth
injury, cesarean delivery, neonatal hypoglycemia, and pre-
eclampsia.2–5 Increasing rates of obesity and advanced mater-
nal age during pregnancy in U.S. women contribute to a rising
incidence of maternal hyperglycemia and GDM.6

In 2008, the Hyperglycemia and Adverse Pregnancy Out-
comes (HAPO) study, a large multicenter study, found that
maternal hyperglycemia during pregnancy even less severe
than in GDM is also associated with adverse pregnancy
outcomes. The authors reported continuous positive associ-
ations between maternal glucose levels, measured by a 75-g
and 2-hour oral glucose tolerance test (OGTT), and several
adverse outcomes, including birthweight greater than 90th
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Abstract Objective The aim of this study is to determine if hyperglycemia in twin pregnancies
without gestational diabetes mellitus (GDM) is associated with an increased risk of
adverse pregnancy outcomes.
Study Design Retrospective cohort study of twin pregnancies in a single Maternal–
Fetal Medicine practice between 2005 and 2019 who underwent two-step GDM
screening at 24 to 28 weeks. We excluded women with pregestational or gestational
diabetes. We examined the association between maternal glycemia and adverse
pregnancy outcomes. Glycemia was defined as the 1-hour GCT in all women, and
each of the four values of the 3-hour OGTT in womenwho failed the GCT (�130mg/dL).
Primary outcomes were preeclampsia, cesarean delivery, and neonatal hypoglycemia
in either twin. Statistical tests used included Pearson’s correlation, Student’s t-test,
Mann–Whitney U test, Chi-square test for trend, and logistic regression.
Results A total of 847 women underwent a GCT and 246 women underwent an OGTT.
Increasing maternal glucose levels had no positive association with adverse outcomes.
Women with preeclampsia, cesarean delivery, and neonatal hypoglycemia did not have
higher mean GCT or OGTT values than women without these outcomes. There was no
increased risk of adverse outcomes with increasing quartiles of the GCTor OGTTvalues.
Conclusion In women with twin pregnancies without GDM, elevated maternal
glucose levels are not associated with preeclampsia, cesarean delivery, or neonatal
hypoglycemia. The altered physiology of twin gestations may modify the effect of
maternal hyperglycemia on perinatal outcomes as compared with singleton pregnan-
cies. Current approaches to screening for and treating GDM during pregnancy might
not adequately account for these unique considerations among twins.
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percentile, cesarean delivery, neonatal hypoglycemia, neo-
natal hyperinsulinemia, birth injury, and preeclampsia.5

As the incidence of twin pregnancies increases,7 the inci-
dence of twin pregnancies complicated by hyperglycemia and
GDM is also likely to increase. Twin deliveries account for 3.4%
of all live births in the United States.8 While the data are
conflicting, there is evidence that twin pregnancies may be at
an increased risk of GDM, likely due to increased placental
mass and diabetogenic hormones such as human placental
lactogen.9–11 Hiersch et al recently found that the increased
risk of GDM among twin pregnancies was mainly due to a
higher incidenceofmild, diet-treatedGDM,andsuggested that
the mildly increased glucose intolerance may be a beneficial
physiologic response to increased maternal metabolic rates
and increased glucose demand for two fetuses.12

Data on outcomes in twin pregnancies complicated by
maternal hyperglycemia or GDM are less certain than the
data for singletons. While GDM in singletons increases the
risk of adverse outcomes such asmacrosomia and birth injury,
these outcomes may not be as clinically relevant in twin
gestations, which are in contrast at a higher risk for small
for gestational age (SGA) neonates and prematurity.13–15 The
amplification of certain physiological changes in twin preg-
nancies may modulate the impact of hyperglycemia and GDM
in twins, thus limiting the generalizabilityoffindingsgathered
from singleton pregnancies.16,17 In fact, large studies on the
screening, treatment, andmanagement ofmaternal hypergly-
cemia and GDM often do not include twins,18 or include few
twins and do not analyze them separately.3 The HAPO study,
for instance, did not include any twin pregnancies.5

While the HAPO study demonstrated a positive associa-
tion between maternal glycemia and adverse pregnancy
outcomes in singletons, it remains unclear whether these
findings apply to twin gestations. The objective of this study
was to determine if the maternal glucose level in twin
pregnancies without GDM is associated with an increased
risk of adverse pregnancy outcomes.

Materials and Methods

After Biomedical Research Alliance of New York Institutional
ReviewBoard approvalwas obtained, we reviewed the charts
of all patients with twin pregnancies delivered by one
maternal fetal medicine practice from June 2005 (when
our electronic medical record was established) through
March 2019. Baseline characteristics and pregnancy out-
comes were obtained from our computerized medical re-
cord. We excluded all patients with pregestational diabetes
or gestational diabetes, monoamniotic twins, delivery <24
weeks of gestation, and twin-to-twin transfusion.

Over the course of the study period,we followed a two-step
GDM screening protocol per standard recommendations.1 All
patients underwent a nonfasting 1-hour and 50-g glucose
challenge test (GCT) between 24 and 28 weeks of gestation
or earlier if indicated. All patients with a GCT �130mg/dL
underwent a diagnostic fasting 3-hour and 100-g OGTT. A
diagnosis of GDM was given if two out of four values were
abnormal based on Carpenter and Coustan cutoffs: fasting

�95, 1-hour�180, 2-hour�155, and 3-hour�140mg/dL.19 In
our practice, all patients diagnosed with GDM receive nutri-
tional counseling, begin fingerstick monitoring, and are given
medication intervention if adequate control is not achieved
through dietary intervention alone. This study included
patients with a normal GCT, as well as patients who failed
the GCT but had a normal 3-hour OGTT.We excluded patients
diagnosed with GDM through the two-step screening.

We examined the association betweenmaternal glycemia
and adverse pregnancy outcomes. Glycemia was defined as
the 1-hour GCTvalue in allwomen, and each of the additional
four values of the 3-hour OGTT inwomenwho failed the GCT
and underwent OGTT testing. We did not include any GCT or
OGTTvalues from testing done prior to 24weeks (as it is done
in certain higher risk patients). However, we did include the
testing done after 24 weeks for these women. For example, if
a woman had an early GCT at 14 weeks and failed it and then
passed her OGTT at 15weeks, we did not include any of these
results in the analysis, but we did include her OGTT results
from 24 to 28 weeks, assuming she did not get diagnosed
with GDM.

The primary outcomes for this study were preeclampsia,
cesarean delivery, and neonatal hypoglycemia in either twin.
Preeclampsia was defined as new-onset hypertension along
with proteinuria or severe features (headache, abnormal labo-
ratoryvalues, andseverehypertension).Neonatalhypoglycemia
was defined as being present if therewas a notation of neonatal
hypoglycemia in the medical record, as well as either a glucose
value less than 40mg/dL or treatment for hypoglycemia.

In our practice, prenatal care and delivery management
for twins without GDM are not altered based on the actual
GCTor OGTTvalues. We do not repeat GCTor OGTTscreening
after 28 weeks if the original screen at 24 to 28 weeks was
normal. All patients with twin pregnancies have formal
nutrition counseling, but this is typically done prior to
screening for GDM. Checking blood glucose is not part of
routine follow up for twin pregnancies without GDM.

We first used Pearson’s correlation to test the relationship
between each measure of maternal blood glucose level (GCT,
fasting OGTT, 1-hour OGTT, 2-hour OGTT, and 3-hour OGTT),
andeachof thefollowingoutcomes:gestationalageatdelivery,
birthweight of larger twin, and birthweight of smaller twin.
Then, using the Student’s t-test, we comparedmean values for
all five glucose measures between patients who did and did
not develop preeclampsia, between patients who did and
did not undergo a cesarean delivery, and finally between
patients who did and did not deliver a baby with neonatal
hypoglycemia.

In addition, each of the five glucose measurements (GCT,
fasting OGTT, 1-hour OGTT, 2-hour OGTT, and 3-hour OGTT)
was divided into quartiles. For each glucose measurement,
outcomes were compared across quartile categories to assess
for a step-wise trend between increasing glucose values and
adverse outcomes.

Statistical tests usedwere Pearson’s correlation, Student’s
t-test, Chi-square test for trend, and Mann–Whitney U test,
as appropriate (IBM SPSS for Windows 22.0, IBM Corp,
Armonk, NY).
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Results

Over the course of the study period, there were 1,042
women with twin pregnancies >24 weeks. Of these
women, 111 were excluded (14 monoamniotic twins, 17
twin–twin transfusion, 31 pregestational diabetes or ges-
tational diabetes diagnosed prior to 24 weeks, and 49 late
transfer or failure to complete GCT). Of the remaining 931
patients, 67 (7.2%) women were diagnosed with GDM
based on screening and thus excluded from the study.
The remaining 864 women without GDM comprise the
study group (►Fig. 1).

Of these 864women, 847women underwent the GCT at 24
to28weeks, 229(27%)ofwhomfailed theGCT, andunderwent
the OGTT. A total of 17women only underwent theOGTT (due
to an abnormal GCT prior to 24 weeks). Therefore, we had a
total of 847 GCT results and 246 GTT results.

The characteristics of the population and their GCT and
OGTT results are shown in ►Table 1. Pearson’s correlations
between each of the five glucose measures (GCT, fasting

OGTT, 1-hour OGTT, 2-hour OGTT, and 3-hour OGTT) and
gestational age and birthweights are shown in ►Table 2. We
found significant negative associations between the 2-hour
and 3-hour OGTT values and gestational age at delivery and
birthweight.

We used Student’s t-tests to comparemean glucose values
between women with and without each of the primary
outcomes, and the results are shown in ►Table 3. We did
not find any significant differences in mean glucose values
between women with and without adverse outcomes, aside
from a lower mean fasting OGTT value in women who had a
twin with neonatal hypoglycemia (72� 6 vs. 78� 7mg/dL,
p¼ 0.034). However, on nonparametric testing (Mann–
Whitney U test), this difference was no longer significant:
(median value: 25–75th percentile) 69mg/dL (66–77) versus
77mg/dL (73–81), p¼ 0.194.

The frequency of outcomes across glucose quartiles for
each of the five glucose measures is shown in ►Table 4 and
depicted in ►Fig. 2. For each glucose measurement, increas-
ing quartiles were not associatedwith an increase in adverse

Fig. 1 Patient selection. Flow diagram indicating eligibility assessment and inclusion in analyses.
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Table 1 Population characteristics

Characteristic Value

Number of subjects 864

Maternal age (y) 34.0� 6.3

Advanced maternal
age (�35 years)

378 (43.8)

Chorionicity

Dichorionic-diamniotic 727 (84.1)

Monochorionic-diamniotic 137 (15.9)

In vitro fertilization 478 (55.3)

White race 752 (87.0)

Parity

Nulliparous 514 (59.5)

Multiparous 350 (40.5)

Pre-pregnancy body
mass index (kg/m2)

23.2� 4.3

Pre-pregnancy obesity
(body mass index �30 kg/m2)

67 (7.8)

Gestational age at delivery (wk) 36.0� 2.3

Cesarean delivery (all) 535 (61.9)

Cesarean delivery (labored) 82/409 (20.0)

Preeclampsia 132/847a (15.6)

Birthweight, larger twin (g) 2,543� 488

Birthweight, smaller twin (g) 2,251� 488

Neonatal hypoglycemia
of either twin

32 (3.7)

Diabetes screen results

GCT gestational age (wk) 26.2� 1.4

GCT result (mg/dL) 118� 24

OGTT gestational age (wk) 27.6� 1.8

Fasting OGTT (mg/dL) 77� 7

1-hour OGTT (mg/dL) 151� 23

2-hour OGTT (mg/dL) 128� 23

3-hour OGTT (mg/dL) 102� 26

Abbreviations: GCT, glucose challenge test (50 g); OGTT, oral glucose
tolerance test (100 g).
Results listed as n (%) or mean� standard deviation.
aExcludes women with chronic hypertension.

Table 2 Correlation between glucose measurements and twin pregnancy outcomes

GCT Fasting OGTT 1-hour OGTT 2-hour OGTT 3-hour OGTT

Gestational
age at delivery

�0.32 (p¼ 0.353) 0.097 (p¼ 0.129) 0.020 (p¼ 0.755) �0.169 (p¼ 0.008) �0.177 (p¼ 0.006)

Birthweight,
larger twin

0.019 (p¼ 0.582) 0.123 (p¼ 0.055) 0.042 (p¼ 0.511) �0.174 (p¼ 0.006) �0.173 (p¼ 0.007)

Birthweight,
smaller twin

0.030 (p¼ 0.382) 0.124 (p¼ 0.053) 0.067 (p¼ 0.301) �0.114 (p¼ 0.077) �0.153 (p¼ 0.017)

Abbreviations: GCT, glucose challenge test (50 g); OGTT, oral glucose tolerance test (100 g).
Results listed at Pearson’s correlation coefficient (p-value).

Table 3 Comparison of glucose values in women with twin
pregnancies with and without adverse outcomes

Preeclampsia
n¼ 132

No preeclampsia
n¼ 715

p-Valuea

GCT result
(mg/dL)

119� 23 118� 24 0.731

Fasting OGTT
(mg/dL)

77� 8 78� 7 0.568

1-hour OGTT
(mg/dL)

145� 31 152� 21 0.165

2-hour OGTT
(mg/dL)

125� 27 128� 22 0.607

3-hour OGTT
(mg/dL)

96� 29 102� 25 0.206

Hypoglycemia
in either twin
n¼ 32

No hypoglycemia
in either twin
n¼ 832

GCT result
(mg/dL)

112� 25 119� 24 0.167

Fasting OGTT
(mg/dL)

72� 6 78� 7 0.034b

1-hour OGTT
(mg/dL)

144� 18 152� 23 0.310

2-hour OGTT
(mg/dL)

123� 26 128� 23 0.616

3-hour OGTT
(mg/dL)

94� 22 102� 26 0.357

Cesarean
delivery
n¼ 535

Vaginal
delivery
n¼ 329

GCT result
(mg/dL)

120� 24 117� 24 0.092

Fasting OGTT
(mg/dL)

78� 7 77� 7 0.423

1-hour OGTT
(mg/dL)

152� 23 151� 22 0.675

2-hour OGTT
(mg/dL)

129� 23 126� 23 0.443

3-hour OGTT
(mg/dL)

103� 26 99� 26 0.189

Abbreviations: GCT, glucose challenge test (50 g); OGTT, oral glucose
tolerance test (100 g).
aStudent’s t-test.
bNo longer significant on nonparametric testing (Mann–Whitney U test).
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outcome frequency for any of the outcomes. However, in-
creasing fasting OGTT quartiles were associatedwith a lower
frequency of neonatal hypoglycemia.

Discussion

In this study, we found that for women with twin pregnan-
cies without GDM, increasing maternal glucose levels were
not associated with measured adverse perinatal outcomes,
including preeclampsia, cesarean delivery, and neonatal
hypoglycemia.

While existing data indicate that increasing maternal
glucose levels in nondiabetic singleton pregnancies are
associated with adverse outcomes, our findings suggest
that twin pregnancies do not exhibit the same associations.
The women in our study with adverse pregnancy outcomes
did not have any statistically significant differences in mean
glucose values on GCT or OGTT testing compared with
women without adverse outcomes. In fact, we initially

found that women with the outcome of hypoglycemia of
either twin had lower fasting OGTT values than women
without this outcome, likely due to the low incidence of
neonatal hypoglycemia in our population. This result, how-
ever, was no longer significant on nonparametric testing.
These findings suggest that while not overtly protective,
hyperglycemia in twins may not confer the same risks that
it does in singletons.

Our findings call into question the nature of the effect of
maternal hyperglycemia on twin pregnancies. Unlike in
singletons, where increasing maternal glucose levels are
associatedwith increased risk of adverse perinatal outcomes
such as preeclampsia, cesarean delivery, and neonatal hypo-
glycemia, our data on twin pregnancies suggest amuchmore
equivocal impact. Maternal hyperglycemia may have dis-
tinctly different clinical influence on twin gestations due to
their altered physiology as compared with singleton gesta-
tions. It is even possible that increasing glycemia is some-
what advantageous in twin pregnancies, which is plausible

Table 4 Incidence of adverse outcomes, based on glucose value quartiles

GCT Quartile 1
<102mg/dL
n¼ 206

Quartile 2
102–115mg/dL
n¼ 210

Quartile 3
116–133mg/dL
n¼ 207

Quartile 4
�134mg/dL
n¼ 224

p-Valuea

Preeclampsia 15.2 12.4 17.2 17.7 0.275

Cesarean delivery 54.4 65.2 62.8 64.3 0.071

Neonatal hypoglycemia 5.3 2.9 4.3 2.7 0.265

Fasting OGTT Quartile 1
<73mg/dL
n¼ 60

Quartile 2
73–76mg/dL
n¼ 58

Quartile 3
77–80mg/dL
n¼ 56

Quartile 4
�81mg/dL
n¼ 72

Preeclampsia 18.6 17.3 18.2 15.7 0.697

Cesarean delivery 61.7 60.3 64.3 66.7 0.474

Neonatal hypoglycemia 6.7 1.7 3.6 0 0.046

1-hour OGTT Quartile 1
<139mg/dL
n¼ 61

Quartile 2
139–151mg/dL
n¼ 60

Quartile 3
152–168mg/dL
n¼ 62

Quartile 4
�169mg/dL
n¼ 63

Preeclampsia 25.4 12.3 11.5 18.6 0.326

Cesarean delivery 62.3 58.3 62.9 69.8 0.319

Neonatal hypoglycemia 4.9 3.3 1.6 1.6 0.218

2-hour OGTT Quartile 1
<113mg/dL
n¼ 59

Quartile 2
113–129mg/dL
n¼ 64

Quartile 3
130–142mg/dL
n¼ 55

Quartile 4
�143mg/dL
n¼ 68

Preeclampsia 24.1 14.5 9.6 18.8 0.386

Cesarean delivery 59.3 60.9 70.9 63.2 0.463

Neonatal hypoglycemia 5.1 3.1 1.8 1.5 0.204

3-hour OGTT Quartile 1
<82mg/dL
n¼ 57

Quartile 2
82–103mg/dL
n¼ 64

Quartile 3
104–121mg/dL
n¼ 63

Quartile 4
�122mg/dL
n¼ 62

Preeclampsia 25.0 14.8 16.7 11.9 0.095

Cesarean delivery 63.2 54.7 68.3 67.7 0.305

Neonatal hypoglycemia 3.5 4.7 1.6 1.6 0.349

Abbreviations: GCT, glucose challenge test (50 g); OGTT, oral glucose tolerance test (100 g).
Results listed as %.
aChi-square for trend.
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given the increased caloric demand of two fetuses in a twin
pregnancy, as compared with a singleton pregnancy. This
suggests that the existing data on the positive association
between maternal glycemia and adverse perinatal outcomes
among singleton pregnancies, as reported by the HAPO
study, are not readily applicable to women with twin
pregnancies.

Although our study was designed to assess the effects of
hyperglycemia below the diagnostic threshold for GDM, our
findings are similar to the literature on twin pregnancies
with GDM. Several prior studies have reported that when
compared with women with non-GDM twin pregnancies,
womenwith GDM twin pregnancieswere not at an increased
risk of adverse perinatal outcomes.20,21 Another study com-
pared outcomes in GDM singleton pregnancies to GDM twin

pregnancies and found that GDM was associated with
preeclampsia in singletons but not in twins.22 A recent
meta-analysis of 13 observational studies investigated the
outcomes of twin pregnancies complicated by GDM and
found that with the exception of an increased riskof neonatal
intensive care unit admission, GDM in twin pregnancies was
not associatedwith increased risk of respiratory distress, low
Apgar’s scores, or neonatal hypoglycemia. The results sug-
gested that twin pregnancies with andwithout GDMwere at
a similar risk for adverse outcomes.23

Optimal glycemic control in twin pregnancies with GDM
is also currently unknown. Improved glycemic control
through dietary and medication intervention in twin preg-
nancies with GDM may not improve outcomes such as
preeclampsia, early gestational age at delivery, and low
birthweight. Instead, strict glycemic control may actually
increase the risk of SGA in twin pregnancies with GDM.24

Furthermore, the relevance of certain adverse outcomes
associated with hyperglycemia and GDM is not as clear in
twin pregnancies. While the treatment of GDM in singletons
primarily aims to mitigate the risk of macrosomia and
associated birth injury, these outcomes are very uncommon
in twins. Instead, twin pregnancies are at higher risk for
complications such as intrauterine fetal growth restric-
tion.13–15 The treatment of GDM in twin pregnancy by
restricting caloric intake or using medication to achieve
euglycemia may potentially exacerbate such risks.

Our findings suggest that when studying and managing
hyperglycemia andGDMduring pregnancy, singletonand twin
pregnancies should be considered separately as the physiolog-
ical effects may differ significantly. Future research should
attempt to better understand the degree towhich hyperglyce-
miamay bebeneficial rather than harmful in twin pregnancies
and propose new approaches to screening for and treating
GDM in twin pregnancies, given that current guidelines are
based on data and outcomes in singleton pregnancies.

Limitations of our study include its retrospective and
observational design. Our study cohort was from a single
obstetric practice, and our population was largely composed
of white, nonobese women, and nearly half of whom were
advanced maternal age. This might limit the generalizability
of our findings to other populations of women with twin
pregnancies and different demographics. Nevertheless, the
large sample size from a single practice is also a strength of
our study, as it increases the reliability of our data due to a
single electronic medical record, our confidence in the
reliability of our records, and our consistent GDM screening
protocol for all women at our practice.

In conclusion, we found that among women with twin
pregnancies and no GDM, increasing maternal glycemia was
not associated with preeclampsia, cesarean delivery, or
neonatal hypoglycemia. This finding differs from what has
been demonstrated in singleton pregnancies. The altered
physiology of twin gestations may modify the effect of
maternal hyperglycemia on perinatal outcomes as compared
with singleton pregnancies. Current approaches to screening
for and treating GDM during pregnancy might not adequate-
ly account for these unique considerations among twins.

Fig. 2 Frequency of primary outcomes by glucose value quartiles. Glucose
quartiles are defined by the following values. GCT: quartile 1,<102mg/dL;
quartile 2, 102 to 115mg/dL; quartile 3, 116 to 133mg/dL; quartile 4,
�134mg/dL. Fasting OGTT: quartile 1, <73mg/dL; quartile 2, 73 to
76mg/dL; quartile 3, 77 to 80mg/dL; quartile 4,�81mg/dL. 1-hour OGTT:
quartile 1, <139mg/dL; quartile 2, 139 to 151mg/dL; quartile 3, 152 to
168mg/dL; quartile 4,�169mg/dL. 2-hour OGTT: quartile 1,<113mg/dL;
quartile 2, 113 to 129mg/dL; quartile 3, 130 to 142mg/dL; quartile 4,
�143mg/dL. 3-hour OGTT: quartile 1, <82mg/dL; quartile 2, 82 to 103 -
mg/dL; quartile 3, 104 to 121mg/dL; quartile 4, �122mg/dL.
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Note
The findings of this study were presented as a poster
presentation at the Society for Maternal–Fetal Medicine’s
40th Annual Pregnancy Meeting, February 3 to 8, 2020, in
Grapevine, Texas.
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