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Abstract
Purpose The aim of this analysis was to study whether mono-
zygotic twinning (MZT) events occur in clusters after IVF
and, if so, to explore possible explanations for this clustering.
Methods This is a retrospective cohort study carried out in a
single, large university-affiliated reproductive medicine prac-
tice. Medical records of all patients who had undergone fresh
IVF cycles, resulting in a viable clinical pregnancy, from
Jan 2002 to Dec 2013 were reviewed. The incidence of
MZT in 6-month intervals and the association with indepen-
dent risk factors such as maternal age, extended embryo cul-
ture, PGD/intracytoplasmic sperm injection (ICSI)/assisted
hatching performed were analyzed.
Results Over the 12-year study period, 25,502 fresh IVF cy-
cles were performed, resulting in 8598 clinical pregnancies.

Ninety-five cycles (1.1 %) resulted in MZ twins. The percent-
age of MZTwas >2 standard deviations (SD) higher than the
overall percentage of MZT in 4 of the 24 6-month intervals.
PGD, extended embryo culture (≥4 days), and more recent
cycles (2005 or later) were independent risk factors for
MZT. The use of multivariable logistic regression modeling
to control for risk factors for MZT did not correct for this
clustering effect, with both high-risk interval (clustering) and
extended embryo culture remaining significant.
Conclusion This study supports our hypothesis that MZT oc-
curs in clusters and that this clustering effect could not be
explained by demographics and cycle characteristics alone.
Although we are unable to explain the clustering phenome-
non, this study is important as it highlights high-risk intervals
for MZT and opens the door to performing a more detailed
investigation, to identify the mechanisms responsible for the
spikes of MZT incidence.

Keywords Monozygotic twins . In vitro fertilization . Risk
factors . Trends

Introduction

The twin birth rate has increased by 76 % from 1980 through
2009, and now comprises 3 % of all US births [1]. Over this
timeframe, there has been a shift in the demographic of women
giving birth with a trend towards delayed childbearing. In 1980,
women aged 30 and over accounted for about 20 % of all births
compared with more than 35 % for 2000–2009 [1]. It is hypoth-
esized that the shift to older childbearing explains about one
third of the increase in twinning over the past 30 years, with
assisted reproductive treatments accounting for the remainder.
The study of multiple births is important because of their elevat-
ed health risks and accompanying greater health care costs [2].

Capsule This study supports our hypothesis that MZT occurs in clusters
and that this clustering effect could not be explained by demographics and
cycle characteristics alone.
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Monozygotic (MZ) twins carry a significantly higher risk of
perinatal morbidity and mortality than singleton and dizygotic
twins [3, 4], including an increased risk of premature delivery
[3], growth discordance [5], developmental anomalies [6], and
mortality [3]. A proportion of these adverse events can be at-
tributed to twin-to-twin transfusion syndrome, which compli-
cates 10–20 % of all monochorionic twin pregnancies [7]. Fur-
thermore, IVF gestations may, independently, have an in-
creased risk of preterm delivery, placental abruption, low birth
weight, preeclampsia, and perinatal mortality [8].

It is well recognized that the incidence ofMZ twinning (MZT)
is greatly increased among IVF patients compared to the general
population (0.7–13 vs. 0.45 %, respectively), but the reason for
this remains unclear [9, 10]. Current evidence suggests that
multiple factors might be responsible, including maternal age,
ovarian stimulation, prolonged embryo culture, altered in vitro
culture conditions, and zona pellucida manipulation [11]. How-
ever, a meta-analysis and a recent large study did not show an
association between intracytoplasmic sperm injection (ICSI) or
assisted hatching and MZT [9, 12]. Blastocyst culture appears to
be one of the most important factors contributing to MZ preg-
nancies [10, 11]. Knopman et al. [13] noted increasedMZT rates
among younger women when the maternal age of oocytes was
<35 years; however, these results are confounded by the fact that
younger women were more likely to have embryos transferred at
the blastocyst stage [13]. While most studies suggest that blasto-
cyst transfer is an independent risk factor for MZT [11–14], not
all publications support this association [15]. For example, a
recent study by Franasiak et al. [16] failed to demonstrate
increased rates of MZT when controlling for embryo cohort
quality. In that study, the authors also controlled for patient age,
number, and proportion of six-to-eight cell embryos, as well as
other factors. Studies have also hypothesized that media charac-
teristics—such as glucose [17] or glutathione levels—may affect
MZT rates. In addition, Sobek et al. [18] suggested that the high
incidence of MZT in infertility patients is conditioned by
hereditary factors and that good ovarian function only facilitates
the expression of these factors, independent of the duration of
embryo culture or the use of micromanipulation techniques [18].

To further complicate the discussion, a recent study byOsianlis
et al. [19] estimated that as many as one in five twins born after
single-embryo transfer may be the result of a concurrent natural
conception. As such, couples need to be counseled about the risks
of unprotected intercourse while undergoing fertility treatment.

Although the above studies confirm an association between
MZT and different treatments offered during a routine IVF
cycle, including blastocyst culture, the underlying mechanism
remains unclear. We posit that an examination of the time
course of MZT might pinpoint cycles when MZT was at the
highest risk. Our primary hypothesis is that MZTevents occur
in clusters. If this hypothesis were correct, it would warrant
further investigation into possible reasons behind this cluster-
ing. One possibility is that of external factors, such as the

choice of embryo culture media. A better understanding of
these external factors may aid us in identifying inciting factors
and, potentially, provide an opportunity tomodify such factors
in an attempt to reduce MZT rates in assisted reproduction.

Methods

Subjects

A retrospective cohort study was performed using an
established and validated IVF database from Boston IVF in
Waltham, MA. Consecutive fresh IVF cycles resulting in a
clinical pregnancy (defined as at least one gestational sac with
a fetal pole and cardiac activity recorded on early ultrasound)
from January 2002 to December 2013 were reviewed. All
pregnancies, regardless of age and treatment type, achieved
by the use of both autologous and heterologous (oocyte dona-
tion) in fresh cycles were included. Frozen embryo transfer
cycles were excluded from the analysis to minimize variation
and standardize the embryo cohort. Within this cohort, cases
consisted of MZ pregnancies (as defined below) and controls
consisted of all other pregnancies.

All pregnant patients underwent transvaginal ultrasound
evaluation in the mid-first trimester. A MZ pregnancy was
identified at that time when more than one fetal pole with
cardiac activity was recorded in a single gestational sac or
when the number of fetal poles with cardiac activity seen and
recorded exceeded the number of embryos transferred. To con-
firm the MZ pregnancy, medical records were reviewed and
demographic and clinical data abstracted, including subsequent
ultrasound reports and maternal-fetal medicine consult reports.

Protocols

Patients underwent ovarian stimulation protocols with gonad-
otropins and either a GnRH agonist or antagonist as previous-
ly described [33]. Cycles were monitored with daily serum
estradiol levels and transvaginal ultrasound examinations be-
ginning on treatment days 6 to 8. When at least three follicles
measured 15 to 20 mm, either 250 μg recombinant hCG
(Ovidrel; EMDSerono) or 10,000U of urinary hCG (Novarel;
Ferring Pharmaceuticals) was administered subcutaneously.
Ultrasound-guided oocyte retrieval was performed 36 h after
hCG administration. During the period 2002 to 2013, embryos
were cultured in a number of different types of embryo culture
media, different protein supplements were used, and embryo
transfer policy varied from day 3 to day 5 transfers. These
changes are summarized in Fig. 1b.

Embryos were transferred either on day 2/3 (cleavage
stage) or day 5/6 (extended culture/blastocyst stage) on a
case-by-case basis, per provider preference and institution
protocol, although throughout the course of our study, there
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was a progressive trend towards increasing proportions of
blastocyst transfers. Luteal support consisted of either proges-
terone vaginal cream one application daily (Crinone 8 %,
Merck, Serono) or progesterone pessaries 200 mg three times
per day (Prometrium, Catalent) or intramuscular progesterone
50 mg once daily.

Statistical analysis

We examined the event of clustering in several ways. A 6-
month interval was chosen to look at clustering in relation to
dates for the majority of analysis because of limitations in the
number of cases. The incidence ofMZToverall and separately
for each 6-month interval was calculated as the total number
of MZT events divided by the number of viable clinical preg-
nancies. Six-month intervals with a MZT incidence rate >2
standard deviations (SD) higher than the overall rate were
regarded as a high-risk interval (i.e., cluster). An electronic
flag was added to identify an IVF pregnancy occurring during
the high-risk interval.

Categorical variables were compared between groups
using chi-square and continuous variables with two sample t
tests. Univariate analysis was used to identify factors associ-
ated with MZT. Variables with unadjusted associations with
corresponding p values of p<0.05 together with variables
identified based on prior literature were included in the final
multivariable logistic regression analysis model used to get
estimates of the adjusted association of risk factors with
MZT. The high-risk interval indicator was then added to the
multivariable model to assess if the MZT could be explained
by factors other than timing (i.e., event happening in a 6-
month window [cluster]), after adjusting for other covariates.

We also examined the number of days between each MZT
event and compared this to the interval expected if there was
an even distribution of MZT events across the study period.

All statistical analyses were done using SAS for Windows,
SAS 9.4 TS Level 1 M1 (SAS Institute Inc., Cary, NC, USA).
A control chart was produced to display 6-month incident
rates over time using the U-chart option of QI Macros for
Excel (KnowWare International Inc.). For the statistical anal-
yses, an α-error of <0.05 was considered significant.

This retrospective cohort study was a joint endeavor be-
tween Boston IVF/Beth Israel Deaconess Medical Center
and Tufts Medical Center. The use of the de-identified data-
base for the purpose of this analysis was deemed exempt by
the Tufts Medical Center and Beth Israel Deaconess Medical
Center Institutional Review Boards.

Results

All patients

There were a total of 25,502 fresh IVF cycles carried out at our
institution between Jan 2002 and Dec 2013. Of these, 23,819
(93.4 %) were autologous and 1683 (6.6 %) were heterolo-
gous (donor/recipient) cycles. Of these cycles, 8598 (33.7 %)
resulted in a viable clinical pregnancy. Table 1 illustrates the
demographics and cycle characteristics of the autologous and
heterologous fresh cycle over the study period. Of these preg-
nancies, 95 (1.1 %) resulted in MZT. The mean age of our
autologous fresh cycle cohort was 36.4 years and the mean
recipient age in the heterologous (oocyte recipient) group was
41.8 years. Of note, the anonymous donor age was <30 years
in all cases.

The number of oocytes retrieved in our autologous group
was 10.9±6.7, which, as expected, was less than the mean
number of oocytes retrieved from the donors (17.4±9.4). A
total of 40.4 % (9625) patients in the autologous group
underwent ICSI and 44.3 % (745) in the heterologous group.

Fig. 1 A U-chart displaying 6-
month MZT rates over time with
reference to standard deviation.
High-risk intervals >2 SD are
indicated by an asterisk
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Three thousand two hundred twenty-seven (13.5 %) of the
autologous cycles resulted in the blastocyst transfer of embry-
os, which was lower than that in the heterologous cycle group
(337 [20 %]), consistent with superior embryo quality. The
mean number of embryos transferred in the autologous cycle
group was 2.4±1.2, greater than in the heterologous group
(2.0±0.5). Eight hundred and eighty-one (3.7 %) of the autol-
ogous group underwent preimplantation genetic screening/
diagnosis compared with only 22 women (1.3 %) in the donor
oocyte recipient group. The number of clinical pregnancies in
the autologous group was 7856 (33 %) and this resulted in
6672 (28 %) cycles with at least 1 live birth. In the heterolo-
gous cycle group, there were 742 (44.1 %) clinical pregnan-
cies, resulting in 674 (40 %) cycles with at least 1 live birth.

Monozygotic twinning rates

Of all MZ pregnancies, 87/95 (91.6 %) resulted from autol-
ogous ART cycles with 8/95 (8.4 %) resulting from heterol-
ogous cycles. The rate of MZ clinical pregnancies was 88/
7856 (1.1 %) among autologous cycles and 8/742 (1.1 %)
among heterologous cycles. The mean age of the 95 cases in
the MZ pregnancy cohort was 35.4 years and, on average,
each cycle yielded 13.9 oocytes. Forty-three out of the
ninety-five cases (45.3 %) were blastocyst transfers and,

of these, 30/43 (69.8 %) had 2 or more blastocysts trans-
ferred. Table 2 highlights the demographic and cycle char-
acteristics for the MZ pregnancies. Overall, the incidence of
MZT among those who had blastocyst transfer was 2.7 %
(43/1584), which was significantly greater than the inci-
dence of MZ pregnancies among those who underwent
day 2/3 transfer (0.7 % or 52/7014 clinical pregnancies)

Table 1 Cycle characteristics of
all fresh cycles performed
between January 2002 and
December 2013

Fresh transfers

Homologous Donors

Number of cycles 23,819 1683

Age (years) 36.4±4.5 –

Recipient age (years) – 41.8±4.5

Number of oocytes retrieved 10.9±6.7 17.4±9.4

Number of day 3 transfers 20,248 1329

(%) (85.0 %) (79.0 %)

Number of day 5 transfers 3227 337

(%) (13.6 %) (20.0 %)

Other days of transfer 344

(1.4 %)

17

(1.0 %)

Number of embryos transferred 2.4±1.2 2.0±0.5

Number of clinical pregnancies 7856 742

(%) (33.0 %) (44.1 %)

Cycles with ≥1 live birth 6672 674

(%) (28.0 %) (40.0 %)

Number of IVF 14,194 938

(%) (59.6 %) (55.7 %)

Number of intracytoplasmic sperm injection (ICSI) 9625 745

(%) (40.4 %) (44.3 %)

Preimplantation genetic screening/diagnosis (PGS/D) performed 881 22

(%) (3.7 %) (1.3 %)

Data are provided as either the number of cases and percent or mean±standard deviation (SD)

Table 2 Fresh monozygotic twin cycle characteristics

Factor Value

Age (years) 35.4±4.4

Number of oocytes 13.9±7.5

Number of mature oocytes 11.8±7.0

Number of day 2/3 transfers 52 (54.7 %)

Number of day 5 transfers 43 (45.3 %)

Number of embryos transferred 2.1 (0.9)

Zona pellucida manipulation 37 (38.9 %)

Intracytoplasmic sperm injection 30 (31.6 %)

Preimplantation genetic screening/diagnosis performed 12 (12.6 %)

Assisted hatching 7 (7.4 %)

Data are provided as either the number of cases (n) and percent or mean±
standard deviation (SD)
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(p<0.05). Seventy-nine out of ninety-five (83.2 %) resulted in
at least one live birth. Following counseling, 8/95 (8.4 %) of
women elected multifetal pregnancy reduction. Of these, 7/8
(87.5 %) resulted in one live birth. Thirty-seven out of ninety
five (38.9 %) of cycles that resulted in a viable clinical preg-
nancy had some form of zona pellucida manipulation (Table 2).

MZT cases were compared with controls for cycle pa-
rameters (Table 3). Although the age of the oocyte donors
was lower than that of the women undergoing autologous
cycles, maternal age at cycle start was not an independent
risk factor for MZT. There was no statistically significant
difference between the risk of MZT in donor oocyte vs
autologous cycles, or in the incidence of assisted hatching
and the use of ICSI between the groups. However, we did
note that extended embryo culture (≥4 days) significantly
increased the risk of MZT (p<0.0001) (Table 3). In
contrast, increasing the number of embryos transferred
decreased the risk of MZT (p=0.015) likely because increas-
ing numbers of embryos transferred are consistent with a day
2/3 transfer, rather than a blastocyst transfer. In addition, PGD
appeared to be a significant risk factor for MZT in our
univariate analysis (p<0.0001). As our study period is
prolonged and there have been both institutional as well as
national changes in practice over this time frame, we found
that the cycles performed in 2005 or later also increased the
likelihood of a MZT (p=0.003), which is consistent with an
increasing proportion of blastocyst transfers.

Clustering analysis of monozygotic twinning

As the primary aim of our studywas to investigate clustering of
MZT events in IVF, we divided our study period into 6-month
intervals. Any period, in which the frequency of MZTwas >2
SD higher than the overall average frequency of MZT across
the entire study period, was flagged as a high-risk period.
There were four such high-risk periods across the duration of
the study: the second half of 2006, the second half of 2007, the
second half of 2011, and the second half of 2012 (Fig. 1). We
also examined the number of days between each MZT event
and compared this to the interval expected if there was an even
distribution of MZT events across the study period.

If MZT events occurred due to chance and were evenly dis-
tributed across the study period, one would anticipate a MZT
event every 46.2 days. Therefore, 50%of allMZTevents would
occur at an interval of less than 46.2 days apart. Interestingly,
among our cohort, 65/95 (68 %) occurred less than 46.2 days
apart. A z test was performed which confirmed that this was
statistically significant (p=0.0003), which serves to strengthen
our hypothesis of clustering (see supplemental figure 1).

Distributions of risk factors for MZT and non-MZT events
are summarized in Table 3 with corresponding unadjusted p-
values. Adjusted odds ratios together with adjusted p values
for risk factors from a multivariable model and the outcome of
MZTare also provided in Table 3. When we controlled for the
relevant risk factors identified in the univariate model (cycle in

Table 3 Risk factors for MZT
events among 8598 fresh IVF
cycles from Jan 2002 through
Dec 2013—N=8598 pregnancies

MZT

(N=95)

Non-MZT

(n=8503)

Unadjusted

p valuea
Adjusted OR (95 % CI)

and p valueb

High-risk 6-month interval 35.8 % (34) 15.5 % (1321) <.0001 2.37 (1.53, 3.66)

p=.0001

Embryo biopsy 12.6 % (12) 3.5 % (298) <.0001 1.63 (0.82, 3.23)

p=.16

Assisted hatching 7.4 % (7) 11.1 % (940) 0.2537 –

Donor cycle 8.4 % (8) 8.7 % (743) 0.9133 –

ICSI 31.6 % (30) 38.5 % (3277) 0.1655 –

Year 2005 or later 86.3 % (82) 72.9 % (6197) 0.0033 1.56 (0.84, 2.91)

p=0.16

Extended culture 45.3 % (43) 18.1 % (1541) <.0001 2.68 (1.66, 4.33)

p<.0001

Oocyte provider >35 years 46.3 % (44) 48.6 % (4136) 0.6519 –

Age at cycle start 35.4±4.4 35.9±4.6 0.3753 –

>2 embryos transferred 20.0 % (19) 31.7 % (2692) 0.015 0.75 (0.45, 1.40)

p=0.42

Statistically signicant risk factors from the univariate analysis are presented in italics. These were included in the
final multivariate model
a Data shown as percent (n) with unadjusted p value from chi-square test, or as mean±standard deviation with
unadjusted p value from t test
b Adjusted odds ratios and p values from multivariable logistic regression
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2005 or later, PGD performed, extended embryo culture, num-
ber of embryos transferred) as well as maternal age at cycle
start, the flagged Bhigh-risk^ 6-month interval remained an
independent risk factor for MZT (p<0.0001). Extended em-
bryo culture also remained an independent risk factor
(p<0.0001). We used the Akaike information criteria to assess
the fit of our multivariate modeling, which indicated that our
modeling was strongest when we included only those risk
factors that were significant based on our univariate model.
We also assessed whether the occurrence of a MZT pregnancy
could be predicted based on the presence of a MZT pregnancy
in a preceding IVF cycle; however, this predictive modeling
was not statistically significant. It only became significant if
there were at least four MZT pregnancies in the preceding 4-
month interval. Since MZT is a rare event, the current dataset
was underpowered to test this model.

Discussion

The incidence of MZT after ART is known to be significantly
higher than the spontaneous incidence, but the mechanisms
underlying this phenomenon are poorly understood [11]. The
identification of a MZ pregnancy has a direct impact on ante-
natal care and obstetrical management, particularly when the
pregnancy is monochorionic, which comprises approximately
two thirds of all MZT. Monochorionic twin pregnancies are
associated with a threefold increase in perinatal mortality and
a tenfold increase in prenatally acquired neurological lesions
when compared with dizygous twins [20]. Because of the
increased complication rates as well as the increased
healthcare costs [3–7, 20], it is important to decipher why
the incidence of MZT is higher in the setting of ART and,
subsequently, what can be done to reduce this incidence.
Multi-fetal pregnancy reduction (MFPR) of a higher-order
multiple pregnancy to a singleton or twin pregnancy is asso-
ciated with improved perinatal outcomes [21]. In our cohort of
patients with at least one MZT pair, eight women (8.4 %)
opted for MFPR. Of note, seven out of the eight women went
on to deliver at least one live infant.

In our retrospective study examining a large cohort at a
single, urban, fertility center, MZT occurred at a rate of
1.1 % of all clinical pregnancies, which is on the lower side
of what has been previously reported [9, 11–14]. Of note, only
viable pregnancies (those with an identifiable fetal heartbeat)
were included in our study. Without genetic fingerprinting of
placental DNA using highly polymorphic marker analysis,
which has become the gold standard for determining zygosity
[22], the true incidence of MZT is impossible to accurately
determine. In addition, the occurrence of spontaneous concur-
rent fertilization may not be as rare as initially thought [19],
which may further confound our estimates. In our study, we
adhered to strict inclusion criteria for determining

monozygosity and sought to confirm the diagnosis by
reviewing follow-up ultrasounds, where possible. Despite
these efforts, it is possible that we may have missed MZ preg-
nancies that were either biochemical or never developed two
fetal poles with cardiac activity.

A cluster is defined as an unusually high incidence of a
particular disease or disorder occurring in close proximity in
terms of both time and geography. Historical clusters have
been used to identify the cause of a number of cancers includ-
ing scrotal cancer among chimney sweeps in the 1770s and
mesothelioma and lung cancer in asbestos workers in the
1960s [23]. In our study we have used a similar strategy to
identify whether MZ twinning occurs in clusters. The scope of
this study was to identify periods where the chances were
significantly higher for a MZ twin to occur. Our future aim
is to expand this analysis to multiple clinics to identify com-
monalities within clustering events.

Our findings support our primary hypothesis that, across
the 12-year interval of the study, the clustering of MZT preg-
nancies was observed across four of the 24 6-month intervals,
which were thereafter referred to as the four Bhigh-risk
intervals^ (Fig. 1). The fact that the flag for a high-risk interval
remained statistically significant even after adjusting for other
risk factors indicates that the high MZT in those periods can-
not be explained by the risk factors that we controlled for,
including those found to be statistically significant in our co-
hort as well as other risk factors commonly quoted in the
literature. Our future aim is to expand this analysis to multiple
clinics to identify commonalities within clustering events.

There are several proposed theories to explain the occur-
rence of MZT. One theory is that the zona pellucida facilitates
MZT by mechanical splitting or disrupting the inner cell mass
during the process of blastocyst hatching [24]. Indeed, exces-
sive thickening or hardening of the zona has been associated
with twinning [24]. While the zona may be involved in some
cases of MZT, it is unlikely to be the an exclusive mechanism
since MZT has been demonstrated to occur also following
transfer of zona-free blastocysts [25]. Over the past decade,
there has been a continual shift towards blastocyst transfers,
which now comprise the majority of embryo transfers in many
countries including the USA and Australia. Cleavage stage
transfers are generally reserved for older women, those with
a poorer prognosis, and those with fewer embryos [12]. In our
study, cycles performed in 2005 or later appeared to have a
significantly increased risk of MZT compared to those cycles
performed before 2005. When we controlled for extended
embryo culture, this significance disappeared. Extended em-
bryo culture appears to be one of the most important factors
contributing to MZ pregnancies [10, 11], which may support
the aforementioned theory that a breach of the integrity of the
zona pellucida leads to a herniation of blastomeres and the
splitting of the embryo [26]. This hypothesis led to concerns
about ART procedures, which deliberately disrupt the zona
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pellucida, such as ICSI, assisted hatching, and PGD/PGS [12].
However, this concern has been refuted by several recent stud-
ies [9, 13, 16]. In our cohort, 38.9 % (37/95) of our MZT
pregnancies had undergone zona pellucida manipulation,
which was similar to our background rate of zona manipula-
tion (44 % [11,221/25,502]). Assisted hatching, initially
thought to be of benefit to improve pregnancy rates, has been
largely disproven, even among poor prognosis patients [27].
Neither assisted hatching nor ICSI were significant risk factors
for MZT in our cohort.

Of all the forms of zona manipulation examined, PGD
appeared to be most strongly associated with MZT based on
our univariate model. PGD is performed most often on em-
bryos reaching the blastocyst stage, whereas it was previously
performed almost exclusively on day 3. In the majority of
clustering periods identified in this study, day 3 biopsy was
being performed. We found an increased incidence of MZT
among those pregnancies conceived after extended embryo
culture and transfer. The natural thinning of the zona pellucida
during the aging process was initially thought to confer addi-
tional risk of MZT with increasing maternal age [28]. In our
study, however, maternal age did not appear to be a significant
risk factor for MZT. Similarly, we found no significant differ-
ence in risk of MZT between autologous and donor oocyte
cycles. Genetic researchers have reported a higher incidence
of spontaneous MZTwithin certain families [29] and this may
be true also in the ART population [18].

The limitations of our study include changes in practices
over the extended 12-year study period. The study is also lim-
ited by the retrospective nature of its design, which inherently
lends itself to treatment and information bias. We postulate that
such biases should be distributed equally among exposed and
unexposed groups. Interestingly, although ultrasonography
quality has improved over the study period, we have not de-
tected moreMZT towards the end of the study period. AsMZT
is a rare event, a prospective trial would need to involve several
large centers, with DNA fingerprinting to determine the true
incidence of monozygosity. The strength of our study is that all
treatments were conducted at a single large center with stan-
dardized protocols, which limit variations in practice.

To our knowledge, this is the first study to evaluate the
clustering of MZ pregnancies in assisted reproduction. Chang-
es in practice over the 12-year study period would affect clus-
tering across all pregnancy types; however, the clustering of
monozygotic pregnancies was found in isolation. We postulate
that the biology of the embryos would be constant across the
study period. As such, the most likely explanation for this
MZTclustering is that it is due to external factors either clinical
(such as type of stimulation) or laboratory (type or lots of
cultured media, days in culture). One suspect that has been
proposed is embryo culture media, which has been shown also
to influence birth weight as well as other fetal characteristics
[30]. Others have proposed that substrate type, also, can also

influence birth weight [31]. We reviewed our laboratory re-
cords for changes in embryo culture media and supplements
over the study period. Since January 2012, we have been using
a single-step culture media. This media is supplemented with a
serum protein substitute. Of note, the first two 6-month high
risk periods identified in the study involved the same culture
media/substrate combination (sequential culture media and
protein supplement) whereas later high risk periods involved
sequential culture media or single-step media and a different
protein supplement. Additional studies are needed to determine
whether the type of culture media affects MZT rates.

The cause of MZT still remains unanswered even though
various theories have been proposed [32]. This study is novel
as it provides evidence that clustering of MZT does indeed
occur during IVF and that these incidences cluster during cer-
tain periods. As noted above, for other clustering studies, this is
a first step to identifying commonalities and eventually a cause.
Our study also serves to validate existing data regarding possi-
ble causes for monozygotic twinning such as blastocyst transfer
[11–14], but these risk factors alone do not explain the cluster-
ing phenomenon. Although we are unable to explain the clus-
tering phenomenon, this study is important as it highlights
high-risk intervals for MZT and opens the door to performing
a more detailed investigation, through a multicentered study,
into both clinical and laboratory differences to identify the
mechanisms responsible for the spikes of MZT incidence.
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