
Article

Does Gestational Diabetes Cause Additional Risk in Twin Pregnancy?
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Abstract

It has been suggested that the risk of adverse perinatal outcomes in twin pregnancies is exacerbated by concomitant gestational diabetes
mellitus (GDM). This study aimed to assess the risk incurred by twin pregnancy and by a diagnosis of GDM, separately, on the development
of poor perinatal outcomes. A retrospective cohort study was conducted on all pregnant women at a tertiary center between 2016 and 2017.
The impact of GDM and twin pregnancies on perinatal outcomes— birth weight above the 90th centile for gestational age, cesarean delivery,
clinical neonatal hypoglycemia, and premature delivery (before 37 weeks’ gestation) — was assessed using univariate and multivariate
analyses. Overall, 13,527 women were eligible for the study; 11,915 were uncomplicated singleton pregnancies; 1379 of these had GDM;
194 were twin pregnancies, and 39 of these had GDM. Univariate analyses showed that twin pregnancies were associated with a higher risk
of all perinatal outcomes except macrosomia. In the multivariate analyses, twin pregnancy was a much higher predictor of cesarean delivery
(OR 8.40, 95% CI [6.25, 11.49], p < .0001) and preterm birth (OR 58.82, 95% CI [31.25, 125], p < .0001) compared to GDM but GDM was a
higher predictor of neonatal hypoglycemia (OR 4.87, 95% CI [3.74, 6.29], p < .0001). Twin pregnancy is more strongly associated with all
adverse perinatal outcomes except macrosomia. GDM does not increase risk of adverse perinatal outcomes except for neonatal hypoglycemia.
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Twin pregnancies are associated with a higher rate of adverse out-
comes compared to singleton pregnancies. They are frequently
complicated by preterm delivery, intrauterine growth restriction,
and Neonatal Intensive Care Unit (NICU) or Special Care Nursery
(SCN) admission (Luke & Brown, 2006). It has been suggested that
the increased risk of adverse outcomes related to twin pregnancies
could be exacerbated with concomitant gestational diabetes mellitus
(GDM;Rauh-Hain et al., 2009; Simoes et al., 2011).However, studies
investigating the consequences of GDM in twin pregnancies are
small and present conflicting evidence, with some finding no
difference in perinatal outcomes between GDM and non-GDM
twins (Guillen et al., 2014; Moses et al., 2003) and others even dem-
onstrating better outcomes (Luo et al., 2011; Okby et al., 2014).More
recent literature highlights the possible adverse effects of strict
glycemic control of GDM in twin pregnancies (Foeller et al., 2015;
Fox et al., 2016; Klein et al. 2010; Luo et al., 2011; Moses et al., 2003;
Okby et al., 2014), although this is not universally reported (Cho
et al., 2006; Gonzalez Gonzalez et al., 2012; Guillen et al., 2014;
Rauh-Hain et al., 2009; Simoes et al., 2011).

The current guidelines used for GDM diagnosis and manage-
ment for twin pregnancies are based on limited knowledge of
the effect of hyperglycemia in this cohort. The two landmark
randomised controlled trials (RCTs) evaluating screening and

treatment of GDM either did not include twin pregnancies
(Landon et al., 2009), or only included a small number of twins
and did not separate the data during analysis (Crowther et al.,
2005). Despite this, the diagnostic criteria for GDM endorsed by
the International Association of Diabetes and Pregnancy Study
Group (IADPSG), World Health Organization, and Australasian
Diabetes in Pregnancy Society (ADIPS) are recommended to be
applied to all pregnancies, including twins (Metzger et al., 2010;
Nankeris et al., 2014; WHO Guidelines Approved by the
Guidelines Review Committee, 2013). Furthermore, the blood glu-
cose targets for ongoingmanagement of GDM are all based on stud-
ies carried out on singleton pregnancies (Crowther et al., 2005).

Given the limited evidence examining twins and GDM under
the most recent ADIPS criteria, it is timely to investigate whether
GDM adds further risk to an inherently high-risk pregnancy. We
examined the type and magnitude of risk incurred by twin
pregnancy and by a diagnosis of GDM separately to ascertain their
relative associations with poor perinatal outcomes.

Materials and Methods

A retrospective audit was conducted on the outcomes of all women
who delivered at the Royal Women’s Hospital, Melbourne, between
January 2016 and December 2017. Pregnancies complicated by pre-
gestational diabetes (i.e., diabetes diagnosed prior to pregnancy, type
1 or type 2 diabetes mellitus), congenital anomalies, delivery before
22 weeks’ gestation, or fetal death in utero were excluded. Data were
collected prospectively by the institutional Quality and Safety Unit
from the Maternity Care Information System (MCIS, GE
Healthcare, Little Chanfont, United Kingdom) and collated in MS

Author for correspondence: Annabel C. M. Sheehan, Email: annabel.sheehan2@
thewomens.org.au

Cite this article: Sheehan ACM, Umstad MP, Cole S, and Cade TJ. (2019) Does
Gestational Diabetes Cause Additional Risk in Twin Pregnancy?. Twin Research and
Human Genetics 22: 62–69, https://doi.org/10.1017/thg.2018.72

© The Author(s) 2019.

Twin Research and Human Genetics (2019), 22, 62–69

doi:10.1017/thg.2018.72

https://doi.org/10.1017/thg.2018.72 Published online by Cambridge University Press

mailto:annabel.sheehan2@thewomens.org.au
mailto:annabel.sheehan2@thewomens.org.au
https://doi.org/10.1017/thg.2018.72
https://doi.org/10.1017/thg.2018.72
https://doi.org/10.1017/thg.2018.72


Excel spreadsheets (Microsoft, Redmond, USA). Data were analyzed
retrospectively through selecting the demographics and outcomes of
interest.Demographics and background information examinedwere
age, ethnicity, body mass index (BMI), artificial reproductive tech-
nology, previous cesarean delivery, chorionicity (in twin pregnancy),
and smoking status. The results of the Oral Glucose Tolerance Test
(OGTT) test for each patient (i.e., fasting, 1-h and 2-h values)
were also recorded. Based on ADIPS recommendations, gestational
diabetes was diagnosed after a fasting 75 g Glucose Tolerance Test
at any time in pregnancy with one or more of the following blood
glucose ranges: fasting: 5.1–6.9 mmol/L; 1 h: >10.0 mmol/L; 2 h:
8.5–11.0 mmol/L. Routine screening was performed between 26
and 28 weeks. Patients with one or more risk factors for GDM
(previous GDM, maternal age 40 years old, first-degree relative with
diabetes, PCOS, Asian, Indian, and Aboriginal or Torres Strait
Islander) underwent an early OGTT between 14 and 20 weeks.

The primary outcomes were birth weight above the 90th centile
for gestational age, cesarean delivery, clinical neonatal hypoglyce-
mia, and premature delivery (before 37 weeks’ gestation). These
were selected as most representative of the criteria upon which
current diagnostic criteria for GDM are based. Secondary out-
comes were birth weight<10th or>95th centile, shoulder dystocia,
neonatal respiratory distress, neonatal jaundice requiring photo-
therapy treatment, SCN or NICU admission, and hypertensive
disorders of pregnancy (gestational hypertension, preeclampsia,
and eclampsia). Birth weight centiles for each baby were calculated
using Australian birth weight charts and twin-specific birth weight
charts (Li et al., 2015).

The protocol was approved by the institutional research and
ethics committee. Consent was not required as the data were
retrospective, anonymized, and already collected within the
existing hospital audit system.

Statistical Analysis

Maternal and neonatal characteristics were reported using descrip-
tive statistics. Mean and standard deviations were reported for
continuous variables, and number and percentage were reported
for categorical variables. The frequency and centiles for the OGTT
values were calculated. Univariate analyses of two variables, GDM
and twin pregnancies, were performed to examine outcomes known
to be associated with diagnosis of GDM. Discrete variables were
analyzed using Fisher’s exact test or Pearson’s chi-squared and
continuous variables using Student’s t test. Multivariate logistic
regression was then performed to examine whether twins or GDM
was a stronger predictor of outcomes of relevance. Variables were
selected based on the univariate analyses. The multivariate linear

model used in this study allowed us to assess the impact of variables,
such as smoking, maternal age, and BMI on outcomes of interest.
P-values <.05 were considered statistically significant and are
reported with odds ratios and 95% confidence intervals. The data
were analyzed with SAS University Edition Version 3.7 (SAS
Institute, North Carolina, USA).

Results

A total of 15,138 women gave birth over the 2-year period, of
whom 13,527 were eligible for the study (see Figure 1); 1611
women were excluded due to pregestational diabetes, congenital
fetal anomalies, gestational age <22 weeks at delivery, or stillbirth.
In our final cohort, 13,294 had singleton births and 233 had twins
(annual incidence: 8.57 per 1000 births). The characteristics of the
study sample are presented in Table 1. The mean age was 31.29
years, mean BMI was 24.74, and 1.63% women self-reported as
Aboriginal or Torres Strait Islander. Of the 13,527 women, 1418
developed gestational diabetes (prevalence: 10.48%), and 39 of
these women also had a twin pregnancy (see Table 2).

Univariate analysis showed patients with GDMwere more likely
to have a cesarean delivery (OR 1.70, 95% CI [1.52, 1.91], p< .0001),
preterm birth (OR 1.55, 95% CI [1.29, 1.84], p < .0001), or neonatal
hypoglycemia (OR 5.05, 95% CI [3.93, 6.48], p < .0001) compared
with those without GDM (see Table 3). Macrosomia (birth weight
>90th or >95th centile), shoulder dystocia, and hypertensive disor-
der of pregnancy were not significantly increased with GDM. Twin
pregnancies were significantly associated with all adverse outcomes
compared to singletons except macrosomia (birth weight>90th and
95th centile; see Table 4). There were no cases of shoulder dystocia
in the twin cohort.

Multivariate analyses were performed for cesarean delivery,
preterm birth, and neonatal hypoglycemia (the outcomes signifi-
cantly increased by a diagnosis of GDM). Twin pregnancies and
GDMwere both associated with increased risk of cesarean delivery,
with twins showing a much stronger association. The strongest
predictor for cesarean delivery was previous cesarean delivery
(see Table 5). Twin pregnancy was significantly associated with
preterm birth, but GDM was not (see Table 6). Twin pregnancy
was no longer a statistically significant predictor for neonatal
hypoglycemia but a diagnosis of GDM was. The strongest predic-
tor for neonatal hypoglycemia was prematurity (see Table 7).

A total of 237 women with twin pregnancies completed the
OGTT. Seven were excluded due to incomplete results or did
not meet inclusion criteria stated above. The mean fasting glucose
level was 4.18 mmol/L (median 4.10 mmol/L, IQR 3.90–4.30

Pregestational diabetes 
Congenital anomalies
Gestational age <22 weeks at delivery
Fetal death in utero
N = 1611

Singletons
n = 13,294

Overall deliveries (2016  2017)
N = 15,138

Eligible
N = 13,527

Twins
n = 233

GDM
n = 39

GDM
n = 1379

Non-GDM
n = 11,915

Non-GDM
n = 194

Fig. 1. Selection of the study group.

Twin Research and Human Genetics 63

https://doi.org/10.1017/thg.2018.72 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2018.72


mmol/L); the mean 1-h fasting glucose level was 7.22 mmol/L
(median 7.20, IQR 6.0–8.30 mmol/L), and 2-h plasma glucose level
was 5.82 mmol/L (median 5.60, IQR 4.60–6.70 mmol/L).

Discussion

This study aimed to assess the impact of GDM and twin pregnan-
cies, separately, on perinatal outcomes associated with a diagnosis
of GDM and then to analyse whether GDM invokes an increased
degree of risk on twin pregnancies. We have shown that a cohort
of women with treated GDM will still have a higher risk of
cesarean delivery, preterm birth <37 weeks, and neonatal hypo-
glycemia but, interestingly, not extremes of birth weight. Twin
pregnancies, unsurprisingly, have a higher risk of all perinatal
outcomes except macrosomia. When examined together, a twin
pregnancy was a much higher predictor of cesarean delivery
and preterm birth, but GDM was a higher predictor of neonatal
hypoglycemia.

Univariate analysis showed that both twin pregnancy and
GDM were significantly associated with cesarean delivery.
Cesarean delivery is one of the known complications of GDM
in singletons due to development of macrosomia (Okby et al.,
2014). In twins, however, the risk of developing macrosomia
and subsequent shoulder dystocia is low due to reduced growth
potential in the third trimester (Sankilampi et al., 2013). Given
that excessive fetal growth is less likely to occur in twin pregnan-
cies, it seems improbable that GDM confers further risk of cesar-
ean delivery in twin pregnancies. In our study, the OR for
cesarean delivery in twins was much higher (OR 6.69, 95% CI
[4.99, 8.95], p < .0001) compared to GDM (OR 1.7, 95% CI
[1.52, 1.91], p< .0001). This was supported bymultivariate analy-
ses, which showed that twin pregnancy was more strongly asso-
ciated with cesarean delivery compared with GDM (OR 8.40, 95%
CI [6.25, 11.49] vs. OR 1.23, 95% CI [1.07, 1.41]). This is likely
related to inherent indications for cesarean delivery associated
with twin pregnancies, such as malpresentation, higher rates of
placenta previa and fetal growth discrepancy, as well as patient
and obstetrician preference. Furthermore, it was shown that
obstetric history has a far greater impact compared to GDM
on risk of cesarean delivery, with previous cesarean delivery,
OR 18.18, 95% CI [15.87, 20.83], p < .0001 versus GDM, OR
1.23, 95% CI [1.07, 1.41], p = .0031.

Our results are supported by previous retrospective studies.
When compared with twin pregnancies without GDM, no differ-
ence in cesarean delivery rates was seen in twins with GDM (Okby
et al., 2014; Simoes et al., 2011). One study even reported signifi-
cantly lower rates of cesarean delivery in twin pregnancies with
glucose intolerance (Poulain et al., 2015). However, the diagnostic
criteria used in this study were not consistent with IADPSG, and
thus, it is difficult to compare these results against our cohort. In
contrast, a previous Australian study reported significantly higher
rates of elective cesarean rates associated with GDM (Moses et al.,
2003). Given the change in GDM diagnostic criteria since these
results were published, again, it is difficult to compare these results
to our newer cohort. Currently, there are limited prospective data
on the impact of GDM on cesarean rates in twin pregnancies. The
two landmark RCTs prompting a dramatic shift in GDM screening
and management showed a reduction in cesarean delivery rates
with treatment of GDM (Landon et al., 2009) and an increased
association with cesarean delivery with increased levels of maternal
hyperglycemia (Metzger et al., 2008). However, both trials

Table 1. Characteristics of the study participants and their newborns and
frequency of outcomes

Characteristic or outcome No. of participants Mean þ SD

Maternal characteristics (%)

Age (years) 13,527 (100) 31.39 þ 4.97

Indigenous 220 (1.63)

Body-mass index 13,527 (100) 24.74 þ 5.27

Smoking <20 weeks’ gestation (%) 511 (3.78)

Smoking >20 weeks’ gestation (%) 487 (3.60)

Parity 13,527 (100) 0.72 þ 1.07

Artificial Reproductive
Technology

679 (5.02)

Gestational Diabetes Mellitus 1418 (10.48)

Singletons 13,294 (98.27)

Singletons with GDM 1379 (10.37)

Singletons without GDM 11,915 (89.63)

Multiple pregnancy 233 (1.72)

Chorionicity

Monochorionic 65 (27.90)

Dichorionic 150 (64.38)

Twins with GDM 39 (16.74)

Twins without GDM 194 (83.2

Newborn characteristics

Number of babies born 13,760 (100)

Gestational age at delivery (wks) 13,760 (100) 38.73 þ 2.23

Birth weight (g) 13,760 (100) 3284.38 þ 622.62

Obstetrics outcomes

Cesarean delivery (%) 3991 (29.00)

Primary 2413 (17.54)

Repeat 1578 (11.47)

Hypertensive disorders of
pregnancy

758 (5.60)

Gestational hypertension 333 (2.46)

Preeclampsia 422 (3.12)

Eclampsia 3 (0.02)

Newborn outcomes

Birth weight >90th centile (%) 1097 (7.97)

Clinical neonatal hypoglycemia (%) 285 (2.07)

Premature delivery (before
37 weeks) (%)

115 (0.85)

Secondary outcomes

Birth weight <10th centile (%) 1085 (7.89)

Birth weight >95th
centile (%)

502 (3.65)

Shoulder dystocia 239 (1.74)

Respiratory distress
syndrome

292 (2.12)

Neonatal jaundice requiring
phototherapy

231 (1.68)

SCN/NICU admission 1603 (11.65)
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excluded twin pregnancies. The only RCT to include twins showed
no difference in cesarean delivery regardless of treatment and
intervention in GDM (Crowther et al., 2005); however, the
numbers of twins were very small.

Our study found that twin pregnancies were associated with
increased likelihood of preterm birth compared to GDM (OR
26.12, 95% CI [19.77, 34.51] vs. OR 1.55, 95% CI [1.29, 1.84]).
This trend was supported in themultivariate analysismodel in which
twin pregnancies were the strongest predictor (OR 58.82, 95% CI
[31.25, 125], p < .0001) while the relationship with GDM and
PTB was nonsignificant. These results are consistent with a recent
metaanalysis that found no difference in gestational age at delivery

in GDM versus non-GDM twins (McGrath et al., 2017). This meta-
analysis included a number of large retrospective studies that have
reported better birth outcomes associated with GDM in twin preg-
nancies. Foeller and colleagues found significantly lower PTB rates
and higher birth weight compared to non-GDM twins (Foeller
et al., 2015). However, given the retrospective nature of the study,
the degree of glycemic control or clinical management of GDM
was not included, and thus, correlating energy supplies or demands
to neonatal outcomes was not possible. Another recent study found
no significant difference in gestational age at delivery between twin
pregnancies with GDM and control (Fox et al., 2016). Fox and
colleagues (2016) suggested that improved glycemic control in twin

Table 2. Characteristics of the twin cohort compared to GDM cohort and their newborns and frequency of outcomes

Characteristic or outcome Twins GDM Twins and GDM

Number of participants (%) 233 (1.72) 1418 (10.48) 39 (0.29)

Singletons 0 (0.00) 1379 (97.25) 0 (0.00)

Twins 233 (1.72) 39 (2.75) 39 (0.29)

Chorionicity

Monochorionic 65 (27.90) 17 (43.59) 17 (43.59)

Dichorionic 150 (64.38) 20 (51.28) 20 (51.28)

Missing data* 18 (7.73) 2 (5.13) 2 (5.13)

Maternal characteristics

Mean age (years) ± SD 32.13 ± 5.51 32.26 ± 4.85 33.31 ± 6.38

Indigenous 5 (2.14) 27 (1.90) 0 (0.00)

Mean body mass index ± SD 26.06 ± 6.10 27.64 ± 6.78 29.97 ± 8.30

Smoking <20 weeks’ gestation (%) 17 (7.29) 39 (2.75) 3 (7.69)

Smoking >20 weeks’ gestation (%) 14 (6.00) 31 (2.19) 1 (2.56)

Mean parity ± SD 0.86 ± 1.25 0.94 ± 1.30 0.92 ± 1.49

Artificial reproductive technology 52 89 13

Newborn characteristics

Gestational age at delivery (wks) ± SD 34.42 ± 3.25 37.97 ± 1.97 34.21 ± 2.57

Birth weight (g) 2176.46 ± 639.19 3161.53 ± 614.93 2107.26 ± 561.46

Obstetrics outcomes

Cesarean delivery (%) 173 (74.25) 572 (40.34) 30 (76.92)

Primary 143 (61.37) 291 (20.52) 26 (66.67)

Repeat 30 (12.88) 281 (19.82) 4 (10.26)

Hypertensive disorders of pregnancy 26 (11.16) 69 (4.87) 4 (10.26)

Newborn outcomes

Birth weight >90th centile (%) 21 (45.06) 124 (8.75) 1 (1.28)

Clinical neonatal hypoglycemia (%) 35 (7.51) 106 (7.48) 10 (12.82)

Premature delivery (before 37 weeks) (%) 153 (32.83) 157 (11.07) 31 (39.74)

Secondary outcomes

Birth weight <10th centile (%) 61 (13.09) 107 (7.55) 3 (3.85)

Birth weight >95th centile (%) 12 (2.58) 62 (4.37) 1 (1.28)

Shoulder dystocia 0 (0.00) 16 (1.13) 0 (0.00)

Respiratory distress syndrome 26 (5.58) 32 (2.26) 2 (2.56)

Neonatal jaundice requiring phototherapy 19 (4.08) 23 (1.62) 5 (6.41)

SCN/NICU admission 254 (54.51) 222 (15.66) 48 (61.54)

Note: GDM= gestational diabetes mellitus; SD= standard deviation; N/A= not applicable; SCN/NICU= Special Care Nursery or Neonatal Intensive Care Unit. *Missing data:
chorionicity was not recorded in database.
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pregnancieswithGDMwas associatedwith an increased risk of small
for gestational age. However, the long-term impact of exposure to
hyperglycemia in utero on epigenetics and metabolic complications
in twin pregnancies are yet to be determined.

Preterm birth was the strongest predictor for neonatal hypogly-
cemia, almost double that of GDM (OR 7.81, 95% CI [6.06, 10.10]
vs. OR 4.87, 95% CI [3.74, 6.29]). This is in line with previous
literature regarding predictors of neonatal hypoglycemia with

Table 3. Perinatal outcomes associated with GDM: results from univariate logistic regression analysis

Perinatal outcome
GDM

(n = 1418) OR 95% CI p value

PIH/PET 69 (4.87) 1.00 [0.78, 1.30] .94

LUSCS 569 (40.12) 1.70 [1.52, 1.91] <.0001

Birth < 37 weeks 157 (11.07) 1.55 [1.29, 1.84] <.0001

Birth weight <10th centile (%) 104 (7.33) 0.93 [0.75, 1.17] .49

Birth weight >90th centile (%) 123 (8.67) 1.10 [0.90, 1.33] .34

Birth weight >95th centile (%) 61 (4.30) 1.21 [0.92, 1.59] .18

Neonatal hypoglycemia 106 (7.48) 5.05 [3.93, 6.48] <.0001

Neonatal jaundice requiring phototherapy 23 (1.62) 0.90 [0.57, 1.41] .63

Respiratory distress syndrome 32 (2.26) 1.12 [0.77, 1.62] .56

Shoulder dystocia 16 (1.13) 0.61 [0.37, 1.01] .05

Note: OR= odds ratio; CI= confidence interval; GDM= gestational diabetes mellitus; PIH/PET= pregnancy-induced hypertension/preeclampsia; LUSCS= lower uterine segment
cesarean section.

Table 4. Perinatal outcomes associated with twin pregnancies: results from univariate logistic regression analysis

Perinatal outcome
Twins

(n = 233) OR 95% CI p value

PIH/PET 26 (11.16) 2.54 [1.67, 3.84] <.0001

LUSCS 170 (72.96) 6.69 [4.99, 8.95] <.0001

Birth <37 weeks 153 (65.67) 26.12 [19.77, 34.51] <.0001

Birth weight <10th centile (%) 30 (12.88) 3.70 [2.71, 5.04] <.0001

Birth weight >90th centile (%) 10 (4.29) 0.95 [0.58, 1.54] .83

Birth weight >95th centile (%) 6 (2.58) 1.17 [0.62, 2.22] .62

Neonatal hypoglycaemia 35 (15.02) 5.32 [3.40, 8.32] <.0001

Neonatal jaundice requiring phototherapy 19 (8.15) 3.64 [2.05, 6.48] <.0001

Respiratory distress syndrome 26 (11.16) 4.85 [3.05, 7.72] <.0001

Shoulder dystocia 0 (0.00) N/A N/A N/A

Note: OR= odds ratio; CI= confidence interval; GDM= gestational diabetes mellitus; PIH/PET= pregnancy induced hypertension/preeclampsia; LUSCS= lower uterine segment
cesarean section.

Table 5. Maternal demographics, obstetric and perinatal outcomes associated with caesarean delivery: results from multivariate logistic regression
analysis

Obstetric variables
Cesarean delivery

(n = 3991) OR 95% CI p value

Twins 170 (4.26) 8.40 [6.25, 11.49] <.0001

GDM 569 (14.26) 1.23 [1.07, 1.41] .0031

Previous LUSCS 1,890 (47.36) 18.18 [15.87, 20.83] <.0001

PIH/PET 269 (6.74) 1.92 [1.61, 2.29] <.0001

Birth weight <10th centile (%) 353 (8.84) 1.49 [1.28, 1.73] <.0001

Birth weight >90th centile (%) 424 (10.62) 1.33 [1.14, 1.55] .0002

BMI* 3,991 (100.00) 1.22 [1.17, 1.28] <.0001

Age* 3,991 (100.00) 1.17 [1.13, 1.23] <.0001

Note: OR= odds ratio; CI= confidence interval; GDM= gestational diabetes mellitus; LUSCS= lower uterine segment cesarean section; PIH/PET= pregnancy induced
hypertension/preeclampsia; BMI= body mass index. *BMI and age: for every incremental increase of 5 units.
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the strongest risk factor being early gestational age (Bromiker et al.,
2017; Kozen et al., 2018). Notably, however, ourmultivariate analy-
ses found that twin pregnancy was not significantly associated with
this outcome. This contradicts our univariate analysis that found
twin pregnancy was more likely to be complicated by neonatal hy-
poglycemia. The findings in our multivariate analyses challenge the
classical concept of twin pregnancy being a risk factor for neonatal
hypoglycemia (Bromiker et al., 2017). We speculate the reason for
this unexpected finding may be the fact that prematurity was a far
stronger predictor in this model. Furthermore, there were only 35
recorded cases of neonatal hypoglycemia within our twin cohort. It
may be that our sample of twins was not large enough to establish
a strong enough relationship between twin pregnancy and neo-
natal hypoglycemia. Although not directly assessed in our study,
the additive effects of GDM on twin pregnancies have previously
been examined in retrospective studies. Nil significant difference
was found in neonatal hypoglycemia rates in paired cohorts of
well-controlled GDM and non-GDM twin pregnancies (Cho
et al., 2006; Guillen et al., 2014). This suggests that the adverse
outcomes associated with hyperglycemia in singleton pregnan-
cies may not apply to twin pregnancies. Further prospective trials
comparing the two cohorts are required to support these findings.

One of the aims of treating GDM in singleton pregnancies is to
reduce the rate of macrosomia and its associated adverse birth and
long-term outcomes. Interestingly, our study showed no significant
association between GDM and birthweight >90th and 95th centiles.
Previous evidence suggests that the treatment of GDM reduces the
rate of macrosomia to similar levels to those without GDM
(Jacqueminet & Jannot-Lamotte, 2010). It may be that because this
study was performed in a tertiary center where GDM patients are

managed in multidisciplinary clinics with close monitoring, the adv-
erse effects of hyperglycemia may have been reduced in this cohort.

The current thresholds recommended by IADPSG for diagnos-
ing GDM, including optimal timing for screening and target levels
for glucose control, have not been tailored to twin pregnancies.
Given the altered and exaggerated physiology in twin pregnancies,
the universal adoption of one diagnostic criteria and management
may not be appropriate (Yogev et al., 2014). We analyzed the fre-
quency distribution of the OGTT results in our twin cohort and
found that the 90th centile in this cohort correlated well with the
HAPO defined values for GDM diagnostic criteria. Few studies
have investigated the possibility of variations in GDM screening
criteria in twin versus singleton pregnancies. Schwartz and col-
leagues highlighted that during the OGTT, the 3-h value was
significantly elevated in twins but found no change in the overall
OGTT result (Schwartz et al., 1999). In more recent studies, a
tendency for higher GCT and/or OGTT results in twin pregnancies
was reported (Buhling et al., 2003; Yogev et al., 2014). Rebarber
and colleagues (2014) trialled different threshold scores for the
GCT in twin pregnancies. They proposed that a higher 1-h GCT
threshold maintained 100% sensitivity with a higher specificity
and positive predictive value, thus resulting in fewer patients
testing positive. Furthermore, Dinham et al. (2016) found little
benefit with increased diagnosis and treatment of GDM in twin
pregnancies with the new IADPSG criteria. These results suggest
that the physiological differences between twin pregnancies and
singletons should be considered when assessing glucose tolerance
in twin pregnancy. Larger studies are needed to define and tailor
appropriate diagnostic thresholds and timing of GDM screening in
twin pregnancies.

Table 6. Maternal demographics, obstetric and perinatal outcomes associated with preterm birth: results from multivariate logistic regression analysis

Obstetric variables
Preterm birth
(n= 1060) OR 95% CI p value

Twins 153 (14.43) 58.82 [31.25, 125] <.0001

Birth weight <10th centile (%) 141 (13.30) 1.73 [1.09, 2.64] .015

PIH/PET 137 (12.92) 3.09 [1.87, 4.92] <.0001

Smoker 160 (15.09) 2.68 [1.68, 4.13] <.0001

BMI* 1,060 (100.00) N/A N/A .99

Age* 1,060 (100.00) N/A N/A .84

GDM 157 (14.81) N/A N/A .15

Note:OR= odds ratio; CI= confidence interval; PIH/PET= pregnancy induced hypertension/preeclampsia; BMI= bodymass index; GDM= gestational diabetesmellitus. *BMI and age: for every
incremental increase of 5 units.

Table 7. Maternal demographics, obstetric and perinatal outcomes associated with neonatal hypoglycemia: results from multivariate logistic regression analysis

Obstetric variables
Neonatal hypoglycemia

(n= 297) OR 95% CI p value

Twins 120 (40.40) N/A N/A .45

GDM 102 (34.34) 4.87 [3.74, 6.29] <.0001

Birth weight <10th centile (%) 65 (21.89) 3.69 [2.69, 4.98] <.0001

Birth weight >90th centile (%) 39 (13.13) 2.28 [1.56, 3.26] <.0001

<37 weeks 115 (38.72) 7.81 [6.06, 10.10] <.0001

BMI* 297 (100.00) N/A N/A .57

Note: OR= odds ratio; CI= confidence interval; PIH/PET= pregnancy induced hypertension/preeclampsia; BMI= body mass index; GDM= gestational diabetes mellitus. *BMI: for every
incremental increase of 5 units.
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There were some limitations in our study. Given the retrospec-
tive design, we were unable to directly correlate perinatal outcomes
with exposure to both twin pregnancies and GDM concomitantly.
We were also unable to correlate glycemic control in GDM
management with neonatal outcomes such as birth weight.
Therefore, we cannot rule out the possibility that increased obstet-
ric surveillance and tertiary-based management of GDM and twin
pregnancies may have attenuated the differences in these cohorts
versus controls. Due to the large sample size for most variables of
interest, our study was able to detect significant differences in
adverse perinatal outcomes related to twin pregnancies and
GDM. However, the sample size for twin pregnancies may have
been too small to identify trends in abnormal OGTT results in this
cohort. Larger studies on glycemic trends in twin pregnancy
and thus targeted diagnostic criteria of GDM are required.
Furthermore, prospective studies assessing the management of
GDM — specifically the effect of glycemic control — in twin
pregnancies on perinatal outcomes are required.

Conclusion

In summary, our results indicate that twin pregnancy is an inher-
ently high-risk condition as it was more strongly associated with
all adverse perinatal outcomes compared to GDM except neonatal
hypoglycemia. Evolving evidence suggests that the hyperglycemic
environment in GDM may benefit the high energy and nutrient
demands required in twin pregnancy. Strict GDM management
could even potentiate rather than reduce adverse outcomes. We
suggest that further prospective studies are required to evaluate
the appropriate diagnostic criteria, and management for GDM
in twins is required.
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