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Abstract
Purpose The risk of monozygotic twins (MZTs) is increased in couples undergoing assisted reproductive technology (ART) 
treatments. Several systematic reviews have investigated the possible determinants linked to ART, but results obtained have 
not been conclusive. The study aims to investigate whether the incidence of MZT differed among ART centers.
Methods This is a multicenter retrospective cohort study using the Italian ART National Registry database and involving 
the centers reporting data from individual ART cycles from 2015 to 2019. To investigate the incidence of MZT, only single 
embryo transfer cycles were considered. Women who had sex-discordant deliveries were excluded. MZT rate was calculated 
as the number of multiple pregnancies (more than one gestational sac at first ultrasound) out of the total number of clinical 
pregnancies. A binomial distribution model was used to determine the 95% CI of the frequency of MZT.
Results Eighteen centers were included, and they provided data on 10,433 pregnancies. The total number of MZT was 162, 
corresponding to an incidence of 1.5% (95% CI: 1.3–1.8%). The rate of MZT among centers varied between 0% (95% CI: 
0.0–25.9%) and 3.2% (95% CI: 1.3–8.1%). All the 95% CIs included 1.5%, rejecting the hypothesis that the MZT rate may 
significantly differ among centers.
Conclusions The rate of MZT did not significantly vary among ART centers. Local factors are unlikely to explain the 
increased rate of MZT in ART pregnancies.
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Introduction

Assisted reproductive technology (ART) is associated to a 
2–3 folds increase in the risk of monozygotic twin pregnancy 
(MZT), a neglected complication that is however receiving 
growing attention in recent years [1, 2]. MZT pregnancies 
are not only exposed to the well-known adverse obstetric 
outcome of multiple pregnancies but also to some peculiar 

additional risks [3]. In about 15% of cases, an imbalance in 
blood exchange occurs and pregnancies can develop frightful 
complications such as the twin-to-twin transfusion syndrome 
(TTTS), twin anemia-polycythemia sequence (TAPS), and 
twin reversed arterial perfusion (TRAP) [4].

A causal relation between ART and MZT remains how-
ever controversial. Two recent systematic reviews investi-
gated possible determinants, but results were not definitive. 
They both showed an association with extended embryo cul-
ture up to the blastocyst stage and young female age [1, 2]. 
Conventional IVF compared to ICSI, and assisted hatching 
emerged as possible additional risk factors, but evidence 
is controversial [1, 2, 5, 6]. Conversely, embryo biopsy, 
embryo cryopreservation, and egg donation were not found 
to be associated [2]. Meta-analyses, however, cannot pro-
vide robust evidence because of the impossibility to perform 
multivariate analyses [5]. In addition, given the rarity of 
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the event, all available investigations were retrospective and 
relatively small, hampering the quality of the collected data.

Local laboratory conditions and local clinical policies are 
an unexplored field in the context of risk factors for MZT 
pregnancies after ART. IVF laboratories significantly differ 
in terms of settings, procedures, and embryo culture condi-
tions [7]. Clinical policies also vary widely among centers 
[8]. This variability may have a clinical impact. For instance, 
euploidy rates in donor oocyte cycles significantly differ 
among different fertility centers, indicating that the rate of 
embryonic chromosomal abnormalities may be partly iatro-
genic [9]. Similar findings could be expected for the rate of 
MZT. To note, the evolution and changes of procedures have 
been proposed as a possible explanation for the variation in 
ART-related MZT frequency observed over time [10].

In this study, we hypothesized that, if local laboratory 
conditions or clinical policies could play a role in the deter-
minism of MZT, one would expect significant variations in 
the rate of MZT rate among infertility centers. To test this 
hypothesis, we investigated the MZT rate among eighteen 
Italian centers regularly reporting their results per cycle 
(i.e., not in an aggregated manner) to Italian ART National 
Registry.

Materials and methods

In 2016, the Italian ART National Registry (National Health 
Institute, Rome, Italy) launched a new database to collect 
data from individual ART cycles. The aim was obtaining 
information on each single cycle instead of cumulative 
aggregate information per center. Participation of the cent-
ers to the initiative was on a voluntarily bases. This new 
platform initially included 9 ART clinics, both private and 
public. Subsequently, other centers progressively adhered 
to the data collection platform, to reach a total of 18 cent-
ers. Details of this program are reported elsewhere [11, 12]. 
All data were anonymized prior to be submitted to the Ital-
ian ART National Registry. No Institutional Review Board 
approval was requested for the purpose of this study because, 
according to Italian legislation, analysis of anonymous data-
base does not require Ethics Committee approval.

The primary aim of the study was investigating whether 
the incidence of MZT differed among centers. For the cal-
culation on these rates, the following inclusion criteria were 
used: (1) single embryo transfer and (2) clinical pregnancy 
as documented by the presence of one or more gestational 
sacs at ultrasound assessment done at 6–7 weeks’ gesta-
tion. MZTs were defined as the presence of two or more 
gestational sacs at first trimester ultrasound. These cases 
were subsequently excluded if clinical data at birth revealed 
sexual discordant between the newborns. The rate of MZT 
was calculated as the number of MZT pregnancies out of the 

total number of clinical pregnancies. A binomial distribution 
model was used to determine the 95% confidence interval 
(95% CI) of the frequency of MZT. The rates among centers 
were deemed heterogeneous (thus rejecting the null hypoth-
esis of no differences) if the 95% CI of in at least one center 
did not include the mean MZT rate. The mean MZT rate was 
calculated for the whole cohort.

To obtain informations on the different characteristics 
and policies of the centers, data from all cycles were used. 
The following information were extracted: mean number of 
oocyte retrieval per year, mean age, mean BMI, proportion 
of conventional IVF, proportion of frozen embryo transfer, 
proportion of multiple pregnancies, proportion of cycles 
with gametes/embryos donation, proportion of transfers at 
blastocyst stage, proportion of single embryo transfer, and 
proportion of preimplantation genetic testing (PGT) cycles. 
Statistically significant differences among centers were 
determined using one-way ANOVA, Kruskal–Wallis test, 
or chi-square test as appropriate. Spearman correlations 
were performed to identify any potential correlation between 
MZT rate and the characteristics of the centers. To rule out 
confounders associated to small sample sizes, these analyses 
were repeated including only the centers with higher burden 
of activity (at least 1,000 cycles per year).

Results

The 18 included ART centers reported on a total of 87,076 
IVF cycles, corresponding to a mean number of 17,415 
cycles per year. Nine centers reported data from 2015 to 
2019, one from 2017 to 2019 and eight from 2018 to 2019. 
The number of cycles per center varied between 294 and 
19,032 (median: 3,454). The main characteristics of the 
centers are summarized in Table 1. A remarkable and sta-
tistically significant variability emerged for all the items. 
The most relevant differences were observed for the mean 
number of oocyte retrieval (from 65 to 2,265), the propor-
tion of cycles with gametes donation (from 0 to 31.6%), the 
use of conventional IVF rather than ICSI (from 0 to 54.1%), 
PGT (from 0 to 67.3%), transfer at blastocyst stage (from 
0 to 99.7%), proportion of frozen transfers (from 18.9 to 
89.6%), single embryo transfer rate (from 31.7 to 98.2%), 
and multiple pregnancy rate (from 1.7 to 23.1%).

The total number of clinical pregnancies fulfilling our 
inclusion criteria was 10,440. Data on birth was available for 
8,052 of them. Of these latter cases, 7 were found to be twin 
pregnancies with discordant gender and were excluded, leav-
ing 10,433 for data analyses. The number of cases included 
per center varied between 11 and 2,823 (median 336).

Overall, 162 pregnancies were found to be multiple: 
48 ended into a miscarriage, 28 spontaneously reduced 
to singletons, and 86 delivered two or more newborns. 
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The vast majority were twins (n = 160), one was triplet, 
and one was quadruplet. Considering the denominator of 
10,433 pregnancies, the rate of MZT was thus 1.5% (95% 
CI: 1.3–1.8%). The MZT rate in the different centers is 
represented in Fig. 1. This rate varied between 0% (95% 
CI: 0.0–25.9%) and 3.2% (95% CI: 1.3–8.1%). All the 
95% CIs of the rates of MZT include the 1.5% common 
rate, thus rejecting the hypothesis that this incidence sig-
nificantly differed among centers.

Spearman correlations between the rate of MZT and 
the variables illustrating the policies of the centers are 
reported in Table 2. None was found to be significantly 
associated. Even when restricting the analyses only to the 
largest centers, no association emerged (Table 2).

Discussion

In this large multicenter observational study of IVF preg-
nancies, the rate of MZT was 1.5% (95% CI: 1.3–1.8%), 
in line with previous evidence [2]. No significant differ-
ences emerged among the participating centers: even if the 
incidence varied between 0 and 3.2%, the 95% CIs of the 
MZT rates included 1.5% for all centers. The lack of any 
significant correlations between the MZT rates and the main 
characteristics of the centers further supports this conclu-
sion. Overall, our findings do not support the hypothesis 
that the increased incidence of MZT pregnancies in ART 
could be related to differences in local laboratory condi-
tions or local clinical policies. Our observation also contrasts 
with a previous meta-analysis showing a wild difference in 
the rate of MZT among studies [6]. The included studies, 

Table 1  Main characteristics of 
the 18 included centers

IVF, in vitro fertilization. BMI, body mass index. PGT, preimplantation genetic testing

Characteristics Median Range p

Number of oocytes retrievals per year 546 65–2,265  < 0.001
Number of embryo transfers per year 683 107–2,914  < 0.001
Mean age (years) 36.6 35.5–38.2  < 0.001
Mean BMI (kg/m2) 22.6 22.0–24.3  < 0.001
Proportion of conventional IVF (%) 16.9 0–54.1  < 0.001
Proportion of frozen embryo transfer (%) 43.2 18.9–89.6  < 0.001
Proportion of multiple pregnancies (%) 11.3 1.7–23.1  < 0.001
Proportion of cycles gametes/embryos donation (%) 4.9 0–31.6  < 0.001
Proportion of blastocyst embryo transfer (%) 46.3 0–99.7  < 0.001
Proportion of single embryo transfer (%) 58.0 31.7–98.2  < 0.001
Proportion of PGT cycles (%) 1.5 0–61.3  < 0.001

Fig. 1  Rate of MZT among the 
participating centers. The crude 
numbers, the percentages, and 
the 95% CIs are reported. The 
latter were calculated using a 
binomial distribution model. 
The vertical dotted red line 
represents the common rate of 
MZT (1.5%). All 95% CIs cross 
this line, rejecting the hypoth-
esis of significant differences 
among the centers

%
(95%CI)

1 0/11 0.00 [0.00 - 25.88]
2 0/50 0.00 [0.00 - 7.13]
3 0/23 0.00 [0.00 - 14.31]
4 1/281 0.36 [0.06 - 1.99]
5 2/342 0.58 [0.16 - 2.11]
6 19/1,745 1.09 [0.70 - 1.69]
7 4/347 1.15 [0.45 - 2.93]
8 16/1,282 1.25 [0.77 - 2.02]
9 3/234 1.28 [0.44 - 3.70]
10 8/487 1.64 [0.83 - 3.21]
11 13/750 1.73 [1.02 - 2.94]
12 50/2,823 1.77 [1.35 - 2.33]
13 5/272 1.84 [0.79 - 4.23]
14 16/768 2.08 [1.29 - 3.36]
15 7/330 2.12 [1.03 - 4.31]
16 4/182 2.20 [0.86 - 5.51]
17 10/383 2.61 [1.42 - 4.74]
18 4/123 3.25 [1.27 - 8.06]

Total 162/10,433 1.55 [1.33 - 1.81]

Cumulative value Cumulative value

Centres no. of MZT/no. of 
pregnancies

Below Above

0,0 1,0 2,0 3,0 4,0 5,0
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however, varied widely in study design and did not exclu-
sively focus on single embryo transfer, thus introducing 
potential confounders.

The rationale supporting a role of laboratory factors in the 
risk of MZT was based on theories related to the mechanical 
effect induced on the zona pellucida that undergoes changes 
through laboratory procedures (ICSI, assisted hatching, or 
cryopreservation) or exposure to non-physiological cul-
ture conditions [2]. As mentioned earlier, however, the two 
recent meta-analyses on the risk factors for MZT failed to 
provide robust and definite evidence [1, 2]. Only young age 
and extended embryo culture emerged as possible risk fac-
tors. Noteworthy, these two factors typically overlap, and 
meta-analyses cannot disentangle the pure effect of each of 
them. Moreover, in our analyses, the correlation between 
incidence of MZT and age and rate of blastocyst transfer 
failed to highlight any statistical significance. We also failed 
to highlight an increased risk in centers performing PGT. 
This contrasts with a recent study based on national data 
from the Human Fertilisation and Embryology Authority 
(HFEA), reported an increased risk of monozygotic splitting 
with embryo biopsy also adjusting for potential confounders 
[12]. The morphological characteristics of blastocysts have 
also been associated with an increased risk of MZ twins. Shi 
et al. [13] reported an increased risk of MZT in blastocysts 
with low grading inner cell mass (ICM) and high grading 
trophectoderm (TE). In contrast, the same study did not 
show a difference in the day of development (day 5 vs day 
6). These results support the hypothesis proposed by Otsuki 
and coworkers [14] that the loose ICM is susceptible in split-
ting into two ICMs. Unfortunately, the data from the Italian 
ART National Registry does not collect this information, so 
we cannot confirm these results.

Our study did not provide significant clues to reveal the 
cause of the increased rate of MZT in ART. Even if indi-
rect, evidence showing significant differences among centers 
would have strongly argued in favor of an iatrogenic cause. 

At the same time, one cannot rule out this possibility based 
on our findings. It may be speculated that the causes could 
be identified among laboratory procedures or conditions that 
are common to all centers. Culture conditions are far from 
in vivo situations, regardless of the specific center consid-
ered. In vitro, embryos are exposed to significant environ-
mental stressors, including higher and less stable tempera-
ture than in the female genital tract, different oxygen tension, 
mechanical stress during oocytes aspiration, and light expo-
sure [15]. This is common to all centers and could account 
for the increase in MZT pregnancies.

Several studies have shown that the above factors can 
influence cell fate by acting at the epigenetic level by modi-
fying the expression of genes involved in the embryonic 
development [16]. The MZ twinning event occurs at an 
early stage of development during which major epigenetic 
reprogramming occurs. It has been shown that MZTs exhibit 
a strong epigenetic signature and one hypothesis proposed 
is that methylation status is established in early zygotes 
prior to separation leading to MZ twins, and subsequently 
inherited through mitosis [16]. If the epigenetic modifica-
tion involved genes implicated in cell adhesion, this altera-
tion could account for tendency of an embryo to dissociate. 
Moreover, it has been theorized that methylation defect and 
twinning are closely related [17]. This correlation could jus-
tify why epigenetic disorders such as Beckwith-Wiedemann 
and Silver-Russell syndrome and monozygotic twins have an 
increased incidence in the ART pregnancies [17, 18].

Another element resulting in the increase in MZT preg-
nancies could take place into the uterus, at the time of 
embryo-endometrium crosstalk (the culture medium used 
for the transfer does not reflect conditions within the uterus 
and may interfere with this crucial interaction). Finally, the 
intrinsic factor of couples with subfertility could contribute 
to an increased rate of and cannot be discarded. Further large 
studies in an unexplained subfertile population conceiving 
naturally are required to elucidate this issue.

Table 2  Spearman correlations 
between the rate of MZT and 
the main characteristics of the 
centers

ρ: Sperman correlation factor
IVF, in vitro fertilization. BMI, body mass index. PGT, preimplantation genetic testing

Characteristics All cohort (n = 18) Larger centers (n = 9)

ρ p ρ p

Mean age  − 0.24 0.34 0.20 0.61
Mean BMI  − 0.07 0.78 0.22 0.58
Proportion of conventional IVF 0.05 0.85 0.19 0.62
Proportion of frozen embryo transfer  − 0.28 0.26  − 0.55 0.13
Proportion of multiple pregnancies 0.36 0.14 0.38 0.31
Proportion of cycles gametes/embryos donation  − 0.33 0.19  − 0.10 0.79
Proportion of blastocyst embryo transfer  − 0.25 0.33  − 0.65 0.10
Proportion of single embryo transfer  − 0.16 0.53  − 0.57 0.11
Proportion of PGT cycles  − 0.17 0.51  − 0.24 0.54
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This is the first study aimed to analyze the association 
between center-specific ART treatment practices and the 
incidence of monozygotic pregnancies. However, some limi-
tations should be recognized. First, our study was limited by 
its retrospective nature, larger prospective studies are needed 
to confirm our results. Second, some centers provided less 
than 100 cases for data analyses and the confidence intervals 
are wide, with a larger margin of error. External confirma-
tion from large-scale studies directly involving ART centers 
is therefore required. Third, the incidence of MZ twins is 
very low and, therefore, comparisons from a statistical point 
of view are limited, drawing misleading conclusions. Moreo-
ver, data related to laboratory aspects that might play a role 
in the determinism of MZ twins (e.g., in vitro culture time, 
type of media used, assisted hatching, and embryo grad-
ing) are not collected by the Italian ART National Registry. 
Finally, albeit data from national registries are commonly 
verified, incorrect entry of some data cannot be excluded, 
and this may affect the outcome.

In conclusions, our study did not show a difference in 
incidence among centers performing ART: the existence 
of differences could have supported a potential role of the 
methods in the pathogenesis of MZ twinning. Further stud-
ies are required to identify the causes of the increased risk 
of MZT in ART.
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