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OR 1.81). Logistic regression comparing the diabetes onset 
with conception mode gave a p = 0.07. The calculation of 
the Chi-square and odds ratio for single mode of concep-
tion showed that homologous vs conceived spontaneously 
p = 0.90, OR 0.97, heterologous vs homologous p = 0.01 
with OR 2.46, and heterologous vs conceived spontane-
ously p = 0.01 with OR 2.39. Logistic regression showed 
that age and BMI are risk factors for developing GDM, 
respectively, p = 0.03 with OR 1.4 and p < 0.01 and OR 
1.09.
Discussion The contribution our study can make is 
improved counseling about GDM risks for couples with 
multiple pregnancies. Our data support the role of age, 
BMI, and mode of conception as risk factors for GDM in 
multiple pregnancies.

Keywords Gestational diabetes mellitus · Multiple 
pregnancies · IADPSG criteria · Assisted reproduction 
technology

Introduction

Women with multiple pregnancies have an increased risk 
of maternal and neonatal complications including preterm 
birth, hypertensive complications, as well as fetal growth 
restriction [1, 2] but it is unclear whether gestational dia-
betes mellitus (GDM) is more common in twin or singleton 
pregnancies. Available data are conflicting and twin gesta-
tions have been found to be associated with GDM in some 
studies [3, 4] but not in others [5, 6].

The number of fetuses in multifetal pregnancies influ-
ences the incidence of GDM: it has been suggested that 
each additional fetus is associated with a 1.8-fold increased 
risk [7]. That finding supports the hypothesis that an 
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Introduction The aim is to investigate the proportion of 
multiple pregnancies with gestational diabetes mellitus 
(GDM) diagnosed using the International Association of 
Diabetes and Pregnancy Study Groups (IADPSG) criteria 
and to identify the impact of age, body mass index (BMI), 
and mode of conception on incidence of GDM.
Materials and methods This is a single center, retrospec-
tive cohort study on 656 multiple pregnancies screened 
for GDM with 75-g, 2-h oral glucose tolerance test at 
24–28 weeks of gestation, between January 2010 and Janu-
ary 2016. The diagnosis of gestational diabetes mellitus 
(GDM) was reached through the IADPSG.
Results The incidence of GDM in our population was 
15.1%. When patients who conceived through heterolo-
gous assisted reproduction technology were compared with 
those who conceived spontaneously, there was a significant 
difference for GDM (31.1 vs 13.6%, p < 0.001, OR 2.86). 
A similar finding was also observed comparing egg dona-
tion IVF/ICSI patients with homologous IVF/ICSI patients 
(31.1 vs 14.8%, p = 0.006, OR 2.59). Incidence of GDM 
was significantly higher in obese than in non-obese patients 
(42.5 vs 14.8%, p < 0.001, OR 4.88) and in women over 
35 compared to younger patients (18.4 vs 11.1%, p = 0.01, 
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increase in placental mass and, thus, an increase in diabe-
togenic hormones (human placental lactogen hormone, 
estrogens, progesterone and cortisol) play a role in the eti-
ology of glucose intolerance. In fact, the main placental 
weight at term is double in twin pregnancies compared to 
that in singleton pregnancies, but the chorionicity does not 
seem to affect the change to develop abnormalities of glu-
cose metabolism [8].

Others factors, regardless of the number of fetuses, can 
affect the risk of GDM, such as advanced maternal age, 
high pre-pregnancy BMI, smoking during pregnancy, par-
ity, pre-existing hypertension, family history of diabetes, 
and assisted reproduction technology (ART) treatment 
[9–12].

Major risk factors like advanced maternal age, obesity, 
and polycystic ovary syndrome are conditions that often 
coexist in a significant proportion of women requesting 
in vitro procedures. Recent studies have shown that single-
ton and twin pregnancies conceived with ART have been 
associated with an increased risk of GDM [13] and this risk 
is two-fold higher in women with singleton pregnancies 
conceived following ART compared to women who con-
ceived spontaneously [14].

Moreover, a study by Wang et  al. found that multiple 
pregnancies resulting from ART can only partially explain 
the relationship between ART treatment and GDM; the 
odds of GDM was higher for mothers who have both twin 
and singleton pregnancies from ART procedures, than for 
non-ART mothers [15]. Therefore, other conditions may 
have a role in the increased likelihood of GDM in these 
patients, such as etiology of infertility, types of drugs used 
for ovulation induction and luteal phase support, changes in 
the hormonal environment due to increased hormone lev-
els after ovulation induction and during early pregnancy, 
and the presence of underlying metabolic and vascular fac-
tors exacerbated during ovulation induction and IVF/ICSI 
procedures.

The aim of our study was to investigate the proportion 
of multiple pregnancies women with a diagnosis of GDM 
using the International Association of Diabetes and Preg-
nancy Study Groups (IADPSG) criteria, and therefore to 
identify the impact of age, body mass index, and mode of 
conception on incidence of GDM in this population.

Materials and methods

We performed a single center retrospective cohort study 
on all multiple pregnancies delivered at the Careggi Hos-
pital in Florence, the Regional Reference Center for high-
risk pregnancy, between January 2010 and January 2016. 
Eligibility criteria for the current study included multiple 
pregnancies screened for gestational diabetes with 75-g, 

2-h oral glucose tolerance test (OGTT) at 24–28 weeks for 
patients who received prenatal care at our hospital from the 
first trimester to delivery.

The diagnosis of gestational diabetes mellitus (GDM) 
was reached through the International Association of Dia-
betes and Pregnancy Study Groups criteria (IADPSG) when 
one glucose value was greater than or equal to the estab-
lished cut-off: fasting plasma glucose ≥5.1 mmol/L (92 mg/
dL), 1-h ≥ 10 mmol/L (180 mg/dL), and 2-h ≥ 8.5 mmol/L 
(153 mg/dL) [16].

Exclusion criteria were

•	 maternal pre-gestational diabetes and hypertension or 
other chronic diseases (i.e., cardiovascular, autoimmune 
diseases, inherited and acquired thrombophilia)

•	 absence of the 75 g OGTT screening during pregnancy
•	 major fetal congenital anomalies
•	 twin-to-twin transfusion syndrome
•	 miscarriage or intrauterine fetal death before the OGTT

The study was exempt from Institutional Review Board 
approval because obstetric and neonatal outcomes were 
collected as part of clinical management. Patients signed 
an informed consent for the clinical investigations and the 
use of the results for scientific analysis according to privacy 
laws and human rights.

Information about pregnancy outcomes were obtained 
from the hospital’s electronic medical records, according to 
criteria set forth on the standardized data collection form.

We collected data on maternal age, ethnicity, other 
demographic characteristics, reproductive history, pre-
pregnancy diseases, delivery information, and neonatal 
outcomes.

We divided our study population into four catego-
ries of body mass index (BMI) as defined by the World 
Health Organization: underweight (BMI <18.5  kg/m2), 
normal weight (BMI 18.5–24.9  kg/m2), overweight (BMI 
25–29.9 kg/m2), and obese (BMI ≥30 kg/m2) patients [17].

BMI was calculated as weight in kilograms divided by 
height squared in meters. Because a considerable number 
of women did not have data on pre-pregnancy weight, we 
used BMI at the first prenatal visit (6–13  weeks gesta-
tion) as the pre-pregnancy BMI. We also collected data on 
mode of achieving the multiple pregnancy: naturally, ART 
with homologous oocyte or, heterologous ART with egg 
donation.

The newborns were evaluated on the basis of birth-
weight using the online calculator for multiple pregnancies 
available at http://medicinafetalbarcelona.org/calc/.

Birthweight was considered appropriate for gesta-
tional age (AGA) between the 10th and 90th percentile; 
the fetuses were otherwise categorized as small for ges-
tational age, SGA (birthweight below 10th percentile) or 

http://medicinafetalbarcelona.org/calc/
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as large for gestational age, LGA (birthweight above 90th 
percentile).

Statistical methods

From the database percentages have been extrapolated. 
Shapiro Wilk test assessed the no normal distribution of 
the considered variables. The relationship between the 
variables with outcomes has been assessed using the Mann 
Whitney test for dichotomous variables, Kruskal–Wal-
lis test for variables with more than two categories. χ² test 
and odds ratio were performed in order to identify any 
significant difference between the compared groups [18]. 
Logistic regression was used to evaluate the effect of the 
variables on the possible of gestational diabetes. The data 
were organized and statistical analyses were performed 
using SPSS for Windows 16.0 package (SPSS Inc., ©Copy-
right IBM Corporation 2010 IBM Corporation, Route 100 
Somers, NY 10589). The level of significance was set at 
p < 0.05.

Results

From 2010 to January 2016 at Careggi Hospital, 17,224 
live births from 16,537 pregnancies were delivered; mul-
tiple pregnancies accounted for 3.97% of all deliveries. We 
obtained data on 656 multiple pregnancies that matched 
our inclusion criteria during the study period with 95.6% 
(n. 627) of twin pregnancies, 27 triplets, and 2 quadruplets.

Prevalent ethnicity of our sample was Caucasian 
(87.04%) and most of them were nulliparous (76.7% before 
the twin pregnancy). Patient characteristics are summarized 
in Table  1. There was a balanced distribution of patients 
in the three age groups with only 28.2% over 40 years old. 
Regarding BMI, more than half of the patients were normal 
weight (57.93%); 20% were overweight; 18.1% were obese; 
and only a minority (4.0%) was underweight.

All patients were screened for GDM with 75  g OGTT 
between 24 and 28 weeks of pregnancies. The incidence of 
GDM in multiple pregnancies referred to our hospital was 
15.1% (n. 99). In particular, 15.0% of twin and 18.5% of 
triplet pregnancies were affected by GDM while no GDM 
was diagnosed in the two quadruplet pregnancies. The out-
come of twin and triplet pregnancies affected by GDM is 
described in Table 2.

In 68.7% of cases (n. 68), an adequate diet for multiple 
pregnancy based on pre-pregnancy BMI was the only ther-
apy, while in 31.1% (n. 31) insulin was combined with diet 
to obtain adequate glycemic control.

91.9% (n. 91) of women with multiple pregnancies 
underwent a cesarean section; 3.0% (n. 3) had a vaginal 
delivery with induction of delivery at term and 5.0% (n. 3) 

went into spontaneous with successful vaginal delivery. As 
for birthweight, more than half of the fetuses were AGA 
using customized centiles (71.7%), only 11.1% were SGA 
and 17.2% LGA, with a 56 average centile at birth.

We also analyzed the incidence of GDM regarding the 
mode of conception: 47.5% (group A, n.47) of women 
with multiple pregnancies who conceived spontaneously 
and 52.5% (n. 52) of pregnancies conceived by ART. The 
ART group was further subdivided into two groups based 
on egg donation: a subgroup of homologous IVF/ICSI 
(group B, n. 34) and a subgroup of heterologous IVF/ICSI 
(group C, n.18). No significant differences in BMI were 
found between them; however, the mean age in the two 
ART groups was higher, if compared with the spontaneous 
pregnancy group. The incidence of GDM was higher in all 
patients subjected to ART than in women who conceived 
spontaneously (18.2% vs 13.6%) although not statistically 
significant.

Comparing group C with group A, we identified a sig-
nificant difference in incidence of GDM (31.1 vs 13.6%, 
p < 0.001) with an OR 2.86. A similar finding is also 
observed if we compare group C and B (31.1 vs 14.8%, 
p = 0.006, OR 2.59).

When we analyzed the incidence of GDM for BMI cate-
gories, we found that the incidence of GDM is significantly 
higher in obese women than in non-obese patients (42.5 vs 
14.8%, p < 0.001). The obesity increases risk of GDM (OR 
4.88) (Fig. 1). Moreover, GDM in multiple pregnancies had 
an higher incidence in women over 35 years old compared 
to younger patients (18.4 vs 11.1%, p = 0.01, OR 1.81); this 
difference becomes more significant when we compared 

Table 1  Patient characteristics

Patient characteristics Number Percentage (%)

Ethnicity
 Caucasian 571 87.0
 African 33 5.0
 South-American 26 4.0
 Asian 26 4.0

Age (years)
 <35 236 36.0
 ≥35 and <40 235 35.8
 ≥40 185 28.2

BMI (kg/m2)
 <18.5 26 4.0
 ≥18.5 and <25 380 57.9
 ≥25 and <30 131 20.0
 ≥30 119 18.1

Previous pregnancies
 Nulliparity 481 76.7
 Multiparity 146 23.3
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patients aged ≥40 to women <40 years old (23.1 vs 13.2%, 
p = 0.009, OR 1.97) (Fig. 2).

Logistic regression comparing the diabetes onset with 
conception mode gave a p = 0.07. The calculation of the 
Chi-square and odds ratio for single mode of concep-
tion showed that homologous vs conceived spontaneously 
p = 0.90, OR 0.97, heterologous vs homologous p = 0.01 
with OR 2.46, and heterologous vs conceived spontane-
ously p = 0.01 with OR 2.39. Logistic regression showed 
that age and BMI are risk factors for developing GDM, 
respectively, p = 0.03 with OR 1.4 and p < 0.01 and OR 
1.09.

Discussion

The contribution our study can make is improved coun-
seling about GDM risks for couples with multiple pregnan-
cies. Our data support the relationships of age, BMI, and 
mode of conception with GDM in multiple pregnancies: if 
a wide range of clinical information can be collected, more 
accurate assessment can be offered to couples in order to 
define pregnancy outcome.

Multiple gestation has become increasingly common 
and is often associated with an increased risk of GDM [19], 

Table 2  Outcome of multiple pregnancies with GDM

Number Percentage (%)

Incidence of GDM
 Multiple pregnancies 99 15.1
 Twins 94 15.0
 Triplets 5 18.5
 Quadruplets 0 0

Therapy
 Diet 68 68.7
 Diet + Insulin 31 31.1

Delivery
 C-section 91 91.9
 Induced vaginal delivery 3 3.0
 Spontaneous vaginal delivery 5 5.0

Pregnancy-induced hypertension 7 7.0
Preeclampsia 1 1.0
Birthweight
 Average weight (g) 3290
 Average centile weight 56°
 SGA 11 11.1
 AGA 71 71.7
 LGA 17 17.2

Fig. 1  Differences in incidence 
of GDM in groups based on 
mode of conceiving
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even if literature presents conflicting data [20]. This ambig-
uous information can be attributed to differences in study 
design and the definition of positive screening test and 
GDM diagnosis among different studies. However, multiple 
pregnancies are characterized by advanced maternal age 
[21] since they are often related to ART procedures. In fact, 
in recent years, older women who become pregnant are 
more often at first pregnancy and of higher socioeconomic 
status than in the past, when they were more often mul-
tiparous and of low socioeconomic status [22, 23]. Since 
advanced maternal age and increased maternal weight 
gain are known risk factors for GDM [10, 11], in associa-
tion with a higher level of hormones that modify insulin 
sensitivity [24], and since they are all typical of multiple 
pregnancies, we expect higher incidences of GDM in these 
pregnancies.

Alptekin et  al. recently proposed a model for the early 
diagnosis of GDM, in the first prenatal visit to the patients 
who had a history of GMD, a BMI >30 kg/m2 or with an 
alteration in glucose metabolism. The authors concluded 
that screening of diabetes can be performed in the first tri-
mester using anthropometric measurements and the homeo-
stasis model assessment-insulin resistance (HOMA-IR) and 
weight gained during pregnancy, identifying values above 
which the risk of GDM was more high [25].

The IADPSG has recently recommended new universal 
screening and diagnosis criteria based on the Hyperglyce-
mia and Adverse Pregnancy Outcome (HAPO) study [26]. 
Overall, using the proposed criteria, 17.8% of the HAPO 
population would be identified as having GDM.

The prevalence of GDM in twin pregnancies using the 
IADPSG screening protocol is still unclear. Dinhams et al. 
in their study showed that the rate of gestational diabe-
tes diagnoses in women with a twin pregnancy increased 
threefold with a change in screening, and that women with 
gestational diabetes and their infants had poorer perinatal 
outcomes than those without gestational diabetes. A better 
detection of GDM led to a reduction in large for gestational 
age infants. However, it is still debateable if it is a meaning-
ful clinical outcome in twin pregnancies [27].

Liu et al. [28] found that the incidence of GDM in twin 
pregnancies using the IADPSG and two-step screening 
groups was 20.4 and 7.0%, respectively. After adjustment 
for maternal age, insurance status, pre-pregnancy BMI, 
education, type of conception, and chorionicity, the OR for 
GDM was 3.22 (95% CI 2.30–4.52), using the IADPSG 
screening protocol compared to the two-step screening pro-
tocol. ORs for GDM were similar in both spontaneous and 
assisted conceptions (3.55 and 3.16, respectively) using the 
new approach. In our study, population incidence of GDM 

Fig. 2  Differences in incidence 
of GDM in the groups based on 
age or BMI
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is 15.1%, lower than Liu et al. report. In our study, we con-
sidered an additional datum that could influence the inci-
dence of GDM that was the impact of conception mode.

As reported by other studies, pregnancies obtained 
through ART tend to have generally poor outcomes [13, 
29]; these findings were explained by correlation with eti-
ology of infertility, with types of drugs used for ovulation 
induction and luteal phase support, with changes in the 
hormonal environment due to increased hormone levels 
after ovulation induction and during early pregnancy, and 
with the presence of underlying metabolic and vascular 
factors exacerbated during ART procedures [30]. In our 
study, 47.5% of the multiple pregnancies were conceived 
spontaneously and 52.5% were conceived through ART. 
As well as other studies in literature [31], the incidence of 
GDM in our patients subjected to ART was higher than in 
women who conceived spontaneously (18.2 vs 13.6%) but 
this difference was not statistically significant. However, 
patients who conceived with heterologous ART (group 
C) had a significantly higher incidence of GDM (31.1 vs 
13.6%, p < 0.001, OR 2.86) compared to group A (patients 
who conceived spontaneously). A similar finding is also 
observed if we compare group C with patients who con-
ceived using homologous ART (31.1 vs 14.8%, p = 0.006, 
OR 2.59). Our study confirms that (heterologous) ART is 
a relevant risk factor for GDM. However, it should be con-
sidered that group C patients are significantly older, and the 
effect of age should not be ignored despite no differences 
in terms of BMI being identified. Indeed, our results con-
firmed the role of advanced maternal age as a relevant risk 
factor for GDM in multiple pregnancies: if age is greater 
than or equal to 35 years, the OR of GDM is 1.81 and it 
increases to 1.97 if we chose 40 years as cut-off. However, 
the most relevant risk factor for GDM in our population of 
multiple pregnancies is a BMI greater than or equal to 30. 
This information must be taken into account when inter-
preting the impact of heterologous ART on GDM, which 
remains relevant because patients did not differ in BMI as 
previously specified. Logistic regression showed that age 
and BMI are risk factors for developing GDM, respectively, 
p = 0.03 with OR 1.4 and p < 0.01 and OR 1.09, and con-
firmed that the patients with egg donation showed more 
risk of GDM.

The main limitations of our study are its retrospec-
tive design and the lack of information on potential con-
founders such as data regarded the presence of polycystic 
ovary syndrome, history of diabetes type 2 in the family, 
and gestational weight gain. Among the different causes of 
infertility, women with polycystic ovary syndrome (PCOS) 
have shown higher physiological risk factors for preg-
nancy-induced peripheral insulin resistance. Holst et al. in 
our study demonstrated that fertility problems were asso-
ciated with a modest statistically significant increased risk 

of GDM among women without PCOS (OR 1.33, 95% CI 
1.25–1.42), but the association between fertility problems 
and risk of GDM was more pronounced among women 
with PCOS (OR 2.09, 95% CI 1.38–3.15). In these analy-
ses, the association between fertility problems and risk of 
GDM was significantly modified by maternal age, parity, 
and PCOS, whereas no significant effect modification was 
observed for pre-pregnancy BMI, parental history of diabe-
tes, or maternal smoking during pregnancy [32].

The strengths include the use of objective criteria 
(IADPSG) for GDM screening, which are usually offered 
in our area to all pregnant women, and the lack of similar 
reports for the Italian obstetric population.

In conclusion, our data highlighted the relationships of 
age, BMI, and mode of conception with GDM in multi-
ple pregnancies: a right collection of clinical and personal 
information is therefore fundamental to better define preg-
nancy outcomes, and an improved counseling about GDM 
risks should be implemented and offered to all couples with 
multiple pregnancies.
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