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ABSTRACT
Aims/Introduction: The association between gestational diabetes mellitus (GDM) and
adverse maternal and perinatal outcomes in twin pregnancies remains unclear. This study
was undertaken to highlight risk factors for GDM in women with dichorionic (DC) twins,
and to determine the association between GDM DC twins and adverse maternal and peri-
natal outcomes in a large homogeneous Taiwanese population.
Materials and Methods: A retrospective cross-sectional study was carried out on 645
women with DC twins, excluding pregnancies complicated by one or both fetuses with
demise (n = 22) or congenital anomalies (n = 9), who gave birth after 28 complete gesta-
tional weeks between 1 January 2001 and 31 December 2018. Univariable and multiple
logistic regression analyses were carried out.
Results: Maternal age >34 years (adjusted odds ratio 2.52; 95% confidence interval
1.25–5.07) and pre-pregnancy body mass index >24.9 kg/m2 (adjusted odds ratio 2.83,
95% confidence interval 1.47–5.46) were independent risk factors for GDM in women with
DC twins. Newborns from women with GDM DC twins were more likely to be admitted
to the neonatal intensive care unit (adjusted odds ratio 1.70, 95% confidence interval
1.06–2.72) than newborns from women with non-GDM DC twins. Other pregnancy and
neonatal outcomes were similar between the two groups.
Conclusions: Advanced maternal age and pre-pregnancy overweight or obesity are risk
factors for GDM in women with DC twins. Except for a nearly twofold increased risk of
neonatal intensive care unit admission of newborns, the pregnancy and neonatal outcomes
for women with GDM DC twins are similar to those for women with non-GDM DC twins.

INTRODUCTION
It is well recognized that a high glucose level in the diabetic
range confers risk to the fetus in singleton pregnancies. Late
complications include pre-eclampsia and large-for-gestational
age (LGA) infants, consequentially resulting in shoulder dysto-
cia and birth injury1,2. Neonates from singleton pregnancies

with gestational diabetes mellitus (GDM) are also more likely
to have hypoglycemia, respiratory distress and hyperbilirubine-
mia compared with newborns from women with a normal
pregnancy1. However, the association between GDM and
adverse maternal and perinatal outcomes in women with twin
pregnancies remains unclear. Several studies concluded that
women with twin pregnancies who were complicated by GDM
are at an increased risk for gestational hypertension and pre-
eclampsia compared with women with twin pregnancies, butReceived 24 March 2020; revised 1 October 2020; accepted 12 October 2020
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without GDM3–9. Some studies further found that these women
also had higher rates of cesarean deliveries (CS)8,10 and induc-
tion of labor6, whereas others did not show similar find-
ings7,9,11. Studies that focused on the effects of GDM in twin
pregnancies on perinatal outcomes presented even more con-
flicting results. In some studies, the rates of preterm birth4,7,10,
LGA7,8,10,12, macrosomia4,7, birth trauma7, perinatal death7,
neonatal jaundice10, respiratory distress13,14 and neonatal inten-
sive care unit (NICU) admission3,9,14 were higher in women
with GDM with twin pregnancies than in those without GDM;
on the contrary, other studies found no differences in most
major perinatal outcomes, such as preterm birth6,9,15,
LGA5,9,11,15, low 5-min Apgar score (<7)9,15 and perinatal
death9,15,16 between GDM and non-GDM twins. Some studies
even revealed better outcomes, along with reducing risk for
small-for-gestational age (SGA) infants, preterm birth <32
gestational weeks, low 5-min Apgar score and perinatal
mortality6,17.
Besides conflicting evidence, re-evaluation of the association

between twin pregnancies with GDM and adverse perinatal
outcomes is stipulated for several reasons. First, the rates of
GDM and twin pregnancy are progressively growing2,18,19, and
their simultaneous presentation is likely to increase. Therefore,
clinicians require not only updated, but consistent information
to counsel and manage these patients. Second, prior studies
were mainly carried out on American and European popula-
tions3–14,16,17,20–22, whereas only one was on Asian women15.
Third, our recent study showed that risk factors for GDM
women with singleton pregnancies included maternal age
>34 years, pre-pregnancy body mass index (BMI) >24.9 kg/m2,
a prior history of fetal death, chronic hypertension, genetic
amniocentesis and artificial reproductive technology23. It is
unclear whether a similar risk profile is present in women with
twin pregnancy. Finally, many prior studies that utilized birth
registries were often with incomplete information, coding errors
and misclassification8,14,17,20. Furthermore, some studies failed
to control confounding variables, such as conception methods,
reproductive history, maternal demographics and concurrent
pregnancy complications, because this information was absent
or unavailable from their birth registries or databases3,11,13,15,22.
With the aforementioned reasons, the present study was

undertaken to investigate the risk factors associated with the
development of GDM in women with twin pregnancies, and to
determine the association between GDM twin pregnancies and
adverse maternal and perinatal outcomes within Taiwanese
women. We particularly focused on dichorionic (DC) twins, as
this type of twin pregnancy accounts for the majority of twin
pregnancies, and has a different antenatal management plan
from monochorionic (MC) twins24.

METHODS
Data collection
The present retrospective cross-sectional study was carried out
to evaluate women who gave birth between 1 January 2001

and 31 December 2018 at Taipei Chang Gung Memorial
Hospital, Taipei, Taiwan. Study data were obtained from a
computerized obstetrics database, which includes maternal
demographics, medical and obstetric histories, and information
on the course of the index pregnancy and perinatal outcomes.
Details of the organization of the database have been reported
previously23,25,26. The institutional review board of the hospital
approved the study (No. 201800894B0). Informed consent was
not required given the retrospective nature of the study and the
anonymity of participant information. All deliveries after 28
gestational weeks by women with DC twin pregnancies were
analyzed. Pregnancies complicated by pre-pregnancy overt dia-
betes mellitus, fetal chromosomal or structural anomalies and
fetal death were excluded. Figure 1 shows the sample selection
process. Only the first pregnancy of the participant during the
study period was analyzed to avoid concerns regarding the cor-
related nature of pregnancy outcomes.

Determination of chorionicity
In this hospital, all women with twin pregnancies undergo
ultrasonography to determine the chorionicity before 14 com-
plete gestational weeks. A diagnosis of DC twin is made if there
are two separate placentas, or one placenta with a positive twin
peak sign at the intertwin membrane junction27. In contrast,
MC twin is defined as one placental mass without the twin
peak sign. Chorionicity is further confirmed by neonatal sex at
delivery or by postpartum examination of the placenta if the
neonatal sexes are the same.

Diagnosis of GDM
In our hospital, all pregnant women are universally screened
for GDM between 24 and 28 weeks of gestation. Women with

Women with dichorionic twins delivered after 28 weeks

Women with dichorionic twins and live births, n = 645

of gestation during 2001-2018, n = 676 

Fetal death, n = 22 

Congenital anomalies, n = 9

Pregestational diabetes, n = 0

No gestational diabetes
588 women
1176 babies

Gestational diabetes
57women
114 babies

Figure 1 | Flow chart of selection of the study population.
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a pre-pregnancy BMI >24.9 kg/m2 and one of the following
risk factors had a 75-g, 2-h oral glucose tolerance test (OGTT)
to screen for overt diabetes mellitus at their first antenatal visit:
(i) known impaired glucose metabolism; (ii) history of GDM,
macrosomia and stillbirth; (iii) first-degree relative with diabetes
mellitus; and (iv) hypertension. Overt diabetes mellitus was
diagnosed when the fasting glucose level was ≥126 mg/dL or
2-h glucose level ≥200 mg/dL. If early screening results were
negative, GDM screening was repeated at 24–28 weeks of
gestation.
Before July 2011, we used a two-step approach to screen and

diagnose GDM, as recommended by the American College of
Obstetricians and Gynecologists28. Pregnant women underwent
a non-fasting 50-g, 1-h glucose challenge test, and if the result
was ≥140 mg/dL, a 100-g, 3-h OGTT was then carried out.
The OGTT thresholds were as follows: fasting glucose, 95 mg/
dL; 1-h, 180 mg/dL; 2-h, 155 mg/dL; and 3-h, 140 mg/dL. The
GDM diagnosis was established by two or more abnormal val-
ues on the OGTT. In January 2011, a one-step screening strat-
egy recommended by the International Association of the
Diabetes and Pregnancy Study Groups (IADPSG) was intro-
duced and endorsed by the Taiwan Society of Perinatology.
Based on the results of a 75-g, 2-h OGTT, a woman was diag-
nosed to have GDM when one or more of her glucose mea-
surements equaled or exceeded the following levels: fasting,
92 mg/dL; 1 h, 180 mg/dL; or 2 h, 153 mg/dL29,30. By consen-
sus, the department decided to replace the two-step method
with the one-step method and IADPSG criteria as our routine
method of GDM screening and diagnosis, formally beginning
on 1 July 20112,23.

Estimation of minimum sample size
One of the main objectives of the present study was to investi-
gate the risk factors for GDM in women with DC twin preg-
nancies. Advanced maternal age (>34 years) and high pre-
pregnancy BMI (>24.9 kg/m2) are the two most recognized risk
factors for GDM20,23,31. According to our previous study of
women with singleton pregnancies23, the rates of maternal age
>34 years, GDM in women aged ≤34 years and GDM in
women aged >34 years were 45%, 6% and 13%, respectively.
Based on these data, we estimated that a sample size of at least
541 women, including 246 women aged >34 years and 295
women aged ≤34 years, was required to have 80% power to
detect the difference with a 95% two-sided significance level.
Furthermore, the rates of women with a high pre-pregnancy
BMI (>24.9 kg/m2), GDM in women with a low or normal
pre-pregnancy BMI (≤24.9 kg/m2), and GDM in women with
a high pre-pregnancy BMI (>24.9 kg/m2) were 11%, 7% and
17%, respectively. Based on these data, we estimated that a
sample size of at least 594 women, including 66 women with a
high pre-pregnancy BMI and 528 women with a low or normal
pre-pregnancy BMI, were required to have 80% power to detect
the difference with a 95% two-sided significance level.

Definitions of variables
Variables considered as potential risk factors for GDM
included: maternal age at delivery (stratified as <20, 20–34 and
>34 years); pre-pregnancy BMI (stratified as <18.5, 18.5–24.9
and >24.9 kg/m2); primiparity (yes or no); genetic amniocente-
sis (yes or no); conception assisted by reproductive technology
(yes or no); prior histories of induced abortions (yes or no),
fetal death (yes or no) and preterm birth (before 37 complete
weeks of gestation; yes or no); cigarette smoking during preg-
nancy (yes or no); medical diseases, such as chronic hyperten-
sion (yes or no), hypo- and hyperthyroidism (yes or no),
uterine fibroids (yes or no), and colonization of group B strep-
tococcus (GBS) at the genito-rectal tract (yes or no); and male
fetus (yes or no).
In our hospital, the height of each pregnant woman was

measured and her self-reported pre-pregnancy weight was
recorded at the first antenatal visit. Height and the self-reported
pre-pregnancy weight were used to calculate the pre-pregnancy
BMI (calculated as weight [kg] / height [m]2). Furthermore,
regardless of the planned mode of birth, we offer universal
screening to all pregnant women between 35 and 37 weeks of
gestation with a vaginal–rectal swab for GBS culture. The
screening is usually carried out 4 weeks earlier in women with
twin gestation, and repeated at 35–37 weeks if the initial
screening result is negative. When a woman presents with
either preterm labor or preterm premature rupture of mem-
branes (PROM), a vaginal–rectal swab for GBS culture is rou-
tinely obtained at the time of initial presentation. In addition,
women with GBS bacteriuria at any time in pregnancy are
regarded as having heavy maternal vaginal–rectal colonization.
The following adverse pregnancy and neonatal outcomes

were examined: CS (either elective or emergent); preterm birth
before 34 or 37 complete weeks of gestation; pre-eclampsia,
defined as gestational hypertension (two recordings of systolic
blood pressure ≥140 mmHg or diastolic blood pressure
≥90 mmHg at least 4 h apart after 20 weeks of gestation) with
proteinuria (excretion of urinary protein ≥300 mg in 24 h or a
dipstick reading of at least 1+ for midstream urine specimens if
24-h collection was not available) in previously normotensive
women; PROM, defined as rupture of membranes before onset
of labor; placental abruption, defined as premature separation
of a normally implanted placenta before delivery of the fetus;
placenta previa, defined as complete or partial covering of the
internal cervical os by placental tissues; placenta accreta, defined
as the presence of one of the following criteria: (i) difficult
manual, piecemeal removal of placenta, carried out if there was
no evidence of placental separation 20 min after parturition,
despite active management in the third-stage labor, (ii) sono-
graphic evidence of retained placental fragments requiring
curettage after a vaginal delivery, (iii) heavy bleeding from
implantation site after placental removal during CS, managed
conservatively with excision of the part of the uterine wall and
the attached placenta, or oversewing the bleeding defects, and
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(iv) histological confirmation of a hysterectomy specimen; post-
partum hemorrhage, defined as a blood loss >500 mL for vagi-
nal delivery, 1,000 mL for CS or excessive bleeding that results
in signs of hypovolemia, such as hypotension or tachycardia;
meconium-stained amniotic fluid; oligohydramnios, defined as
the deepest single maximal vertical pocket measurement
<2 cm; polyhydramnios, defined as the deepest single maximal
vertical pocket measurement >8 cm; acute chorioamnionitis,
defined as maternal body temperature >38°C, rupture of mem-
branes and presence of one of the following conditions: leuko-
cytosis (white blood cell counts >12,000/lL), elevated serum
levels of C-reactive protein (>5 mg/dL) and fetal tachycardia (a
baseline rate >160 beats/min) followed by histological confirma-
tion; SGA infants, defined as birthweight <10th percentile of
mean weight corrected for fetal sex and gestational age19; LGA
infants, defined as birthweight >90th percentile of mean weight
corrected for fetal sex and gestational age19; birthweight
<1,500 g or 2,500 g; 1-min and 5-min Apgar score <7; admis-
sion to the NICU; and neonatal death, defined as a death dur-
ing the first 28 days of life.

Statistical analysis
We first evaluated maternal and pregnancy characteristics, and
neonatal outcomes between women with DC twins complicated
by GDM and those without GDM. The differences were com-
pared using Student’s t-test, v2-test or Fisher’s exact test when
appropriate. We then carried out multiple logistic regression to
investigate independent risk factors for GDM in women with
DC twins. Variables that were considered as potential risk fac-
tors for GDM included: maternal age at delivery; pre-pregnancy
BMI; primiparity; genetic amniocentesis; conception assisted by
reproductive technology; histories of induced abortions, fetal
death and preterm birth; cigarette smoking during pregnancy;
medical diseases, such as chronic hypertension, hypothyroidism
and hyperthyroidism; uterine fibroids; colonization of group B
streptococcus at the genito-rectal tract; and male fetus.
To study the association between GDM and pre-eclampsia,

the aforementioned variables and GDM were included in the
multiple logistic regression to adjust their confounding effects.
Furthermore, to investigate the association between GDM and
adverse neonatal outcomes, such as admission to the NICU,
the same variables – GDM, PROM and pre-eclampsia – were
included in the multiple logistic regression analysis.
All statistical analyses were carried out using SPSS version

20.0 (IBM Corp., Armonk, NY, USA). Categorical variables are
presented as the number (percentage), and continuous variables
as mean – standard deviation. A P-value <0.05 was considered
statistically significant. In the multiple logistic regression,
adjusted odds ratios (OR) and associated 95% confidence inter-
vals (CI) were calculated to assess the associations between vari-
ous risk factors and the development of GDM, and between
GDM and adverse pregnancy and neonatal outcomes in
women with DC twin pregnancies.

RESULTS
Maternal characteristics and pregnancy outcomes of the study
population
During the study period, a total of 676 women with DC twin
pregnancies delivered after 28 complete weeks of gestation.
After excluding women who had either one or both fetuses
with demise (n = 22) or congenital anomalies (n = 9), data of
645 women and their babies were analyzed. Among the 645
women, 57 women (8.8%) were diagnosed with GDM. All 57
GDM women were given lifestyle modification advice, had
nutritional therapy and underwent regular monitoring of blood
glucose levels. None of them had pharmaceutical treatment for
GDM with metformin or insulin.
Maternal characteristics and pregnancy outcomes of the

study population are presented in Table 1. The rates of mater-
nal age at delivery >34 years, pre-pregnancy BMI >24.9 kg/m2

and genetic amniocentesis were higher in women with twin
pregnancies complicated by GDM than in women with twin
pregnancies, but without GDM. Furthermore, no significant dif-
ferences were found in the rates of various pregnancy compli-
cations, including elective or emergent CS, preterm birth before
34 or 37 weeks of gestation, PROM, placental abruption, pla-
centa previa, placenta accreta, postpartum hemorrhage, meco-
nium-stained amniotic fluid, oligohydramnios, polyhydramnios
and acute chorioamnionitis, between women with GDM twin
pregnancies and women with non-GDM twin pregnancies.
Women with twin pregnancies complicated by GDM had a
higher rate of pre-eclampsia (10.5% vs 4.6%) compared with
women with twin pregnancies, but without GDM. However,
the difference did not reach statistical significance in the uni-
variable analysis (P = 0.061).

Neonatal characteristics and outcomes of the study
population
Neonatal characteristics and outcomes of the study population
are presented in Table 2. Newborns of women with GDM twin
pregnancies are more likely to be admitted to the NICU than
those of women with non-GDM twin pregnancies (28.9% vs
19.6%, P = 0.028). Besides the aforementioned findings, no sig-
nificant differences were found in the mean gestational age and
birthweight, and rates of other adverse neonatal outcomes,
including SGA, LGA, birth weight <1,500 g or <2,500 g, low 1-
min and 5-min Apgar scores, and neonatal death.

Results of multiple logistic regression
After adjusting for confounding effects among various maternal
characteristics, maternal age at delivery >34 years (adjusted OR
2.52; 95% CI 1.25–5.07) and pre-pregnancy BMI >24.9 kg/m2

(adjusted OR 2.83, 95% CI 1.47–5.46) remained as significant
risk factors for GDM in women with DC twin pregnancies
(Table 3).
Although a higher rate of pre-eclampsia was noted in

women with twin pregnancies complicated by GDM than that
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in women with non-GDM twin pregnancies, the difference was
not significant after adjustment for confounding effects of
maternal characteristics in the multiple logistic regression (ad-
justed OR 1.08, 95% CI 0.35–3.36; Table 4). In contrast, the
association between GDM and NICU admission remains signif-
icant after adjusting for the confounding effects of maternal
characteristics and pregnancy complications, including PROM
and pre-eclampsia (adjusted OR 1.70, 95% CI 1.06–2.72;
Table 5).

DISCUSSION
Similar to prior studies of women with singleton and twin
pregnancies20,23,31, we found that maternal age at delivery
>34 years and pre-pregnancy BMI >24.9 kg/m2 are major risk
factors for GDM in women with DC twin pregnancies. Fur-
thermore, women with GDM twins have similar pregnancy
and neonatal outcomes compared with women with non-GDM
twins, except for a nearly twofold increased risk of NICU
admission for newborns from women with GDM twins.

Table 1 | Maternal characteristics and pregnancy outcomes of the study population

No GDM (n = 588) GDM (n = 57) P

Maternal characteristics
Age (years)
20–34 308 (52.4%) 15 (26.3%) <0.001
>34 280 (47.6%) 42 (73.7%) <0.001
Pre-pregnancy body mass index (kg/m2)
<18.5 51 (8.7%) 2 (3.5%) 0.175
18.5–24.9 467 (79.4%) 38 (66.7%) 0.026
>24.9 70 (11.9%) 17 (29.8%) <0.001
Weight gain during pregnancy (kg) 16.0 – 5.1 12.7 – 5.2 <0.001
Primiparity 410 (69.7%) 43 (75.4%) 0.449
Prior induced or spontaneous abortions 179 (30.4%) 16 (28.1%) 0.765
Prior fetal death 9 (1.5%) 1 (1.8%) 0.606
Prior preterm birth 3 (0.5%) 1 (1.8%) 0.310
Conception by reproductive technology 286 (48.6%) 34 (59.6%) 0.128
Cigarette smoking during pregnancy 3 (0.5%) 0 1.000
Genetic amniocentesis 239 (40.6%) 32 (56.1%) 0.025
Uterine fibroids 8 (1.4%) 2 (3.5%) 0.219
Chronic hypertension 1 (0.2%) 0 1.000
Hyperthyroidism 4 (0.7%) 1 (1.8%) 0.371
Hypothyroidism 4 (0.7%) 0 1.000
Group B streptococcal colonization 14 (2.4%) 3 (5.3%) 0.184

Pregnancy outcomes
Cesarean delivery 528 (89.8%) 47 (82.5%) 0.114
Elective 517 (97.9%)† 46 (97.9%)‡ 0.983
Emergent 11 (2.1%)§ 1 (2.1%)¶ 0.983
Preterm birth <34 weeks 77 (13.1%) 8 (14.0%) 0.838
Preterm birth <37 weeks 362 (61.6%) 41 (71.9%) 0.152
Pre-eclampsia 27 (4.6%) 6 (10.5%) 0.061
Premature rupture of membranes 51 (8.7%) 4 (7.0) 0.808
Placental abruption 6 (1.0%) 0 1.000
Placenta previa 7 (1.2%) 2 (3.5%) 0.185
Placenta accreta 3 (0.5%) 1 (1.8%) 0.310
Postpartum hemorrhage 14 (2.4%) 0 0.625
Meconium-stained amniotic fluid 8 (1.4%) 2 (3.5%) 0.219
Oligohydramnios 18 (3.1%) 0 0.392
Polyhydramnios 4 (0.7%) 0 1.000
Acute chorioamnionitis 3 (0.5%) 1 (1.8%) 0.310

Data are presented as a number (%) or mean – standard deviation. P-values are based on the v2-test, Fisher’s exact test or Student’s t-test. GDM,
gestational diabetes mellitus. †Including 401 women with maternal request, seven with placenta previa, 33 with a prior history of cesarian deliveries
or myomectomy and 76 with malpresentation of the presenting twin. ‡Including 34 women with maternal request, two with placenta previa, three
with a prior history of cesarian deliveries or myomectomy and seven with malpresentation of the presenting twin. §Including three women
with acute chorioamnionitis, five with placental abruption and three with unreassuringly fetal heart rate tracing. ¶One woman with acute
chorioamnionitis.
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GDM has been shown to be a risk factor for pre-eclampsia
in women with singleton32 and twin pregnancies3–9. In the pre-
sent study, the rate of pre-eclampsia was higher in women with
GDM twins than in women with non-GDM twins; the differ-
ence was close to being statistically significant in the univariable
analysis (P = 0.061). However, the association between GDM
and pre-eclampsia was found to be insignificant in the multiple
logistic regression. This indicates that the association between

Table 2 | Neonatal outcomes of the study population

Variable No GDM
(n = 1,176)

GDM
(n = 114)

P

Gestational age (weeks) 35.6 – 2.0 35.4 – 1.9 0.175
Birthweight (g) 2,317 – 452 2,301 – 450 0.706
Male fetus 599 (50.9%) 59 (51.8%) 0.922
Small-for-gestational age infants 106 (9.0%) 10 (8.8%) 1.000
Large-for-gestational age infants 126 (10.7%) 16 (14.0%) 0.274
Birthweight <1,500 g 62 (5.3%) 3 (2.6%) 0.268
Birthweight <2,500 g 743 (63.2%) 79 (69.3%) 0.221
1-min Apgar score <7 52 (4.4%) 4 (3.5%) 0.812
5-min Apgar score <7 5 (0.4%) 2 (1.8%) 0.121
Neonatal intensive care unit
admission

231 (19.6%) 33 (28.9%) 0.028

Neonatal death 4 (0.3%) 0 1.000

Data are presented as mean – standard deviation or a number (%). P-
values are based on Student’s t-test, v2-test or Fisher’s exact test. GDM,
gestational diabetes mellitus.

Table 3 | Results of the multiple logistic regression analysis on the risk
factors for gestational diabetes in women with dichorionic twin
pregnancies†

Adjusted
odds
ratio

95%
confidence
interval

P

Maternal age >34 years 2.52 1.25–5.07 0.010
Pre-pregnancy body mass index
>24.9 kg/m2

2.83 1.47–5.46 0.002

Primiparity 1.59 0.77–3.26 0.208
Prior induced or spontaneous
abortions

0.78 0.41–1.51 0.465

Prior fetal death 0.88 0.04–19.10 0.937
Prior preterm birth 6.40 0.26–159.01 0.257
Conception by reproductive
technology

1.10 0.59–2.05 0.764

Genetic amniocentesis 1.29 0.70–2.38 0.415
Uterine fibroids 1.86 0.35–9.78 0.463
Hyperthyroidism 2.90 0.29–28.93 0.363
Group B streptococcal colonization 3.16 0.81–12.36 0.099

†Cigarette smoking during pregnancy, chronic hypertension and
hypothyroidism were not quantifiable, as none of the 57 women with
gestational diabetes mellitus had these conditions.

Table 4 | Results of the multiple logistic regression analysis on the
association between gestational diabetes and pre-eclampsia in women
with dichorionic twin pregnancies†

Adjusted
odds
ratio

95%
confidence
interval

P

Maternal age >34 years 1.18 0.47–2.92 0.725
Pre-pregnancy body mass index
>24.9 kg/m2

3.07 1.28–7.36 0.012

Pre-pregnancy body mass index
<18.5 kg/m2

0.46 0.06–3.63 0.464

Primiparity 13.55 1.78–103.46 0.012
Prior induced or spontaneous abortions 1.50 0.66–3.40 0.337
Conception by reproductive
technology

1.28 0.54–3.02 0.572

Genetic amniocentesis 2.43 1.04–5.68 0.041
Uterine fibroids 1.81 0.19–17.65 0.611
Gestational diabetes mellitus 1.08 0.35–3.36 0.805

†History of fetal death, history of preterm birth, cigarette smoking dur-
ing pregnancy, chronic hypertension, hyperthyroidism, hypothyroidism
and group B streptococcal colonization at the genito-rectal tract were
not quantifiable, as none of the 33 women with pre-eclampsia had
these conditions.

Table 5 | Results of the multiple logistic regression analysis on the
association between gestational diabetes and admission to the
neonatal intensive care unit in women with dichorionic twin
pregnancies†

Adjusted
odds
ratio

95%
confidence
interval

P

Maternal age >34 years 1.09 0.79–1.51 0.612
Pre-pregnancy body mass index
>24.9 kg/m2

1.01 0.66–1.54 0.965

Pre-pregnancy body mass index
<18.5 kg/m2

1.34 0.81–2.20 0.254

Primiparity 1.29 0.90–1.85 0.161
Prior induced or spontaneous
abortions

0.93 0.78–1.11 0.433

Prior fetal death 2.16 0.53–8.78 0.281
Conception by reproductive
technology

1.00 0.99–1.01 0.714

Genetic amniocentesis 1.67 1.22–2.28 0.001
Cigarette smoking during pregnancy 26.91 2.96–244.85 0.003
Uterine fibroids 0.89 0.29–2.81 0.848
Group B streptococcal colonization 0.36 0.11–1.20 0.097
Premature rupture of membranes 3.11 1.99–4.86 <0.001
Gestational diabetes mellitus 1.70 1.06–2.72 0.028
Pre-eclampsia 2.70 1.50–4.84 0.001
Hyperthyroidism 1.40 0.33–5.99 0.654
Hypothyroidism 1.83 0.35–9.62 0.478

†History of preterm birth and chronic hypertension were not quantifi-
able, as none of the 132 women with newborns admitted to the
neonatal intensive care unit had these conditions.
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GDM and pre-eclampsia in women with twin pregnancies is
likely caused by confounding factors, such as a high pre-preg-
nancy BMI and primiparity.
Other than an increased risk for NICU admission, we found

that newborns from women with GDM twins had similar neona-
tal outcomes to those from women with non-GDM twins. This
was in contrast to several previous reports4,7,8,10,12, but consistent
with a recent meta-analysis of 13 observational studies21. The
meta-analysis found no differences in the incidence of LGA or
SGA neonates, respiratory distress, neonatal hypoglycemic, or
low Apgar scores between twin pregnancies with and without
GDM. We also found that newborns of GDM twins had a higher
rate of NICU admission in comparison with newborns of non-
GDM twins, which was consistent with a previous study21. The
association between maternal GDM and increased risk of neona-
tal respiratory distress syndrome is well established, and transient
respiratory distress is one of the most common cause for admis-
sion to the NICU in newborns33. Possible mechanisms underly-
ing the association between maternal GDM and increased risk of
neonatal respiratory distress syndrome include a delayed secre-
tion of phosphatidylglycerol, and reduced levels of surfactant pro-
teins A and B in fetal lung epithelial cells in response to
hyperglycemia in GDM34,35.
Explanations for the non-significant differences of other

adverse neonatal outcomes between infants of GDM and non-
GDM twins in the present study are not clear. It is likely that
previous studies included both MC and DC twins, whereas we
only included DC twins for analysis. MC twins are vulnerable
to complications of interdependent placental circulations in a
way that DC twins are not. Therefore, MC twins are more sus-
ceptible to adverse obstetric and perinatal outcomes, such as a
lower gestational age, a lower birth weight, and a higher inci-
dence of NICU admission and neonatal morbidity36,37. Another
possibility for the conflicting results could be due to the mode
of delivery. Nearly all twin deliveries at our hospital are carried
out by an elective CS, thus reducing the rates of labor-related
complications.
In the present study, pregnancies complicated by fetal con-

genital anomalies or death were excluded from the analysis. It
is arguable that fetal congenital anomalies or death are poten-
tially associated with GDM and should be considered as
adverse pregnancy outcomes. However, we had several reasons
to exclude women with fetal congenital anomalies or demise
from the analysis. First, elective termination of pregnancy is
permitted in Taiwan in cases of major structural or lethal
anomalies, provided that the parents undergo comprehensive
counseling with specialists of maternal–fetal medicine and
neonatology. Second, we thought that the presence of congeni-
tal anomalies or death of either one or both fetuses could have
an influence on the decision regarding the timing and modes
of delivery. This might cause a bias in the results of our analy-
sis. Third, among 22 women with death of either one or both
fetuses, only one had GDM, whereas the remaining 21 women
did not. The rates of fetal death in women with and without

GDM were 1.7% (1/58) and 3.4% (21/618), respectively. No sta-
tistical difference was noted between these two groups of
women based on the v2-test (P = 0.49). After excluding 22
women with death of either one or both fetuses, among nine
women with fetal congenital anomalies, one had GDM, whereas
the remaining eight women had no GDM. The rates of fetal
anomalies in women with and without GDM were 1.8% (1/57)
and 1.3% (8/598), respectively. Again, no statistical difference
was noted between these two groups of women (P = 0.80). As
a result, we believed that it was more appropriate to exclude
women with pregnancies complicated by fetal congenital
anomalies and fetal death from the analysis.
The present study was rigorous with regard to the use of

data from medical and delivery records, and patient interview,
rather than from birth registries, and application of multivari-
able logistic regression to adjust for confounders. Therefore, the
association between GDM and adverse maternal and perinatal
outcomes in women with twin pregnancies was objectively
investigated. Nevertheless, we acknowledge some limitations of
the study. First, it was based on a single tertiary care hospital
in Taiwan, thus, limiting the generalizability of the conclusions.
Second, due to its observational and retrospective design, some
important factors for the development of GDM were not ana-
lyzed, because such information was not available in our data-
base. These factors include a prior history of GDM, family
history of diabetes mellitus and weight gain before GDM
screening. Finally, we did not examine maternal and neonatal
metabolomic profiles, neonatal morbidities (i.e., hypoglycemia,
hyperbilirubinemia, respiratory distress syndrome and need for
phototherapy), and long-term outcomes of the mothers and
their infants. Further studies are required to clarify not only the
differences in maternal and neonatal metabolomic profiles
between GDM twins and non-GDM twins, but also whether
GDM increases the risks of aforementioned neonatal adverse
outcomes. Additionally, more studies are required to provide
information on risks of cardiovascular or metabolic diseases
later in life in women and children of DC twin pregnancies
complicated by GDM.
Furthermore, it might be argued that diagnostic criteria for

GDM and some obstetric practice policies that changed during
the course of the study might have contributed to the differential
changes in outcomes; however, this scenario is unlikely. With the
exception of the implementation of the IADPSG criteria for the
diagnosis of GDM and a protocol of antenatal magnesium sulfate
therapy for neuroprotection in preterm delivery <32 weeks of
gestation in 2011, the clinical structure of the department
remained unchanged and there were no additional changes in
obstetric care during the time period that would be expected to
confound the study results. Furthermore, the present recent study
showed that GDM women diagnosed by the IADPSG criteria
had essentially similar risk factor profile to those GDM women
diagnosed by the two-step method recommended by the Ameri-
can College of Obstetricians and Gynecologists. The only differ-
ence was that additional risk factors, such as artificial
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reproductive technology and genetic amniocentesis, were noted
with IADPSG-defined GDM23. Furthermore, we used multiple
logistic regression to adjust for the effects of potential con-
founders (maternal characteristics, obstetric history and concep-
tion methods) when we studied and assessed the independent
risk factors for GDM, and the association between GDM and
adverse pregnancy and neonatal outcomes in women with DC
twins. For the aforementioned reasons, we believe that the possi-
ble biases relating to a long study period and different GDM
diagnostic criteria was negligible.
In summary, we conclude that advanced maternal age and

pre-pregnancy overweight or obesity are significant risk factors
for GDM in women with DC twins. Women with GDM DC
twins have similar pregnancy and neonatal outcomes to women
with non-GDM DC twins, except for a nearly twofold
increased risk of NICU admission for their newborns. The pre-
sent findings provide useful information for clinicians to iden-
tify, counsel and provide timely management for women with
twin pregnancies at risk for GDM.
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