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Objective: To evaluate the effect of frozen embryo transfer on maternal and neonatal complications of singleton and twin pregnancies
compared with fresh embryo transfer in women with polycystic ovary syndrome (PCOS).
Design: A secondary analysis of a multicenter, randomized, controlled trial comparing live birth after frozen vs. fresh embryo transfer
(FreFro-PCOS).
Setting: Reproductive medicine centers.
Patient(s): A total of 1,508 patients with a diagnosis of PCOS who were undergoing IVF were enrolled.
Intervention(s): On day of oocyte retrieval, eligible patients were randomized to the fresh or frozen embryo transfer groups. Up to two
embryos were transferred in both groups. All pregnancies were followed up until delivery.
Main OutcomeMeasure(s): Gestational diabetesmellitus, pre-eclampsia, pretermbirth, small for gestational age, and large for gestational age.
Result(s): The risks of gestational diabetes mellitus, preterm birth, and small for gestational age were comparable between the frozen
and fresh embryo transfer groups in both singleton and twin births. However, singleton infants born after frozen embryo transfer were
more likely to be large for gestational age (25.2% vs. 17.5%; relative risk 1.44, 95% confidence interval 1.01–2.07, P¼ .044) than those
born after fresh embryo transfer. Twin pregnancy after frozen embryo transfer had a higher risk of pre-eclampsia (12.0% vs. 2.8%;
relative risk 4.31, 95% confidence interval 1.27–14.58, P¼ .009) than those after fresh embryo transfer.
Conclusion(s): In women with PCOS, frozen embryo transfer resulted in an increased risk of large for gestational age in singleton preg-
nancy and a higher risk of pre-eclampsia in twin pregnancy.
Clinical Trial Registration Number: NCT01841528. (Fertil Steril� 2017;-:-–-. �2017 by American Society for Reproductive
Medicine.)
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I n the last 4 decades IVF has fundamentally changed infer-
tility treatment and has been increasingly used worldwide.
Multiple pregnancy is one of the main complications of

IVF and a major contributor to poor pregnancy outcomes
(1). Although the incidence of high-order multiples has
decreased with the reduced number of embryos transferred,
the proportion of twin pregnancies is still a public concern
(2). Compared with singleton pregnancy, twin pregnancy is
associated with considerably higher risks of obstetric compli-
cations (3, 4). Nonetheless, when compared with natural
conceptions, the risks of obstetric complications are much
higher in singleton pregnancy after IVF than in natural
singleton pregnancies (5, 6). However, such a difference in
twin pregnancy resulting from IVF vs. natural conception
was less marked than in singleton pregnancy (6, 7). The
type of IVF procedure, for example fresh embryo transfer,
may additionally affect perinatal outcomes when compared
with frozen embryo transfer (8), though the effects of frozen
embryo transfer on twin pregnancy outcomes are less well
known.

The supraphysiologic hormone milieu following
ovarian stimulation has been considered as a contributor
to the adverse pregnancy outcomes after IVF (9), which
may alter endometrial development and interfere with em-
bryo implanting (10). Theoretically frozen embryo transfer
provides a more physiologic environment for embryo im-
plantation by avoiding placing embryos immediately after
ovarian stimulation. There are numerous observational
studies that compared obstetric outcomes in singleton
pregnancies after frozen vs. fresh embryo transfer, with
inconsistent results (8, 11, 12). For example, a lower risk
of preterm birth after frozen embryo transfer than fresh
embryo transfer was reported by some studies (8) but not
by others (11, 12). However, observational studies have
inherent potential confounders due to lack of
randomization.

We recently completed a multicenter randomized trial in
1,508 patients with polycystic ovary syndrome (PCOS) (Fre-
Fro-PCOS) (13, 14). The primary results showed a higher
risk of pre-eclampsia and similar risks of other obstetric com-
plications after frozen vs. fresh embryo transfer (14). Howev-
er, the proportion of twin births was more than 30% (14). We
examined the effects of frozen vs. fresh embryo transfer on
obstetric complications in singleton and in twin pregnancies
separately.

MATERIALS AND METHODS
Study Population

The FreFro-PCOS study was conducted during June 2013 and
July 2015 in 14 centers all over China. The original study was
approved by the ethics committees of all study sites and was
registered at clinicaltrial.gov (registry number
NCT01841528). The design and main outcomes of this trial
have been previously reported in detail (13–15). Briefly,
patients with PCOS who were undergoing their first cycle of
IVF with or without intracytoplasmic sperm injection were
enrolled. Polycystic ovary syndrome was diagnosed by the
presence of menstrual disturbance combined with either
hyperandrogenism or polycystic ovary on ultrasonography,
and exclusion of other causes of hyperandrogenism and
ovulation dysfunction. Patients were excluded if they had a
history of unilateral oophorectomy, recurrent spontaneous
abortion (defined as three or more previous spontaneous
pregnancy losses), congenital or acquired uterine
malformations, abnormal parental karyotypes, or medical
conditions that contraindicated assisted reproductive
technology and/or pregnancy.

In this study 462 patients who had singleton live birth and
225 patients who had twin live birth were included in the an-
alyses (Fig. 1). Live birth was defined as delivery of any
neonate at R28 weeks' gestation with signs of life.
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Study flow diagram.
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