ORIGINAL ARTICLES: ASSISTED REPRODUCTION @ CrossMark

Assisted reproductive technology
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Objective: To determine whether there are any increases in pregnancy-related complications and adverse pregnancy outcomes in
singleton pregnancies after assisted reproductive technology (ART) compared with those conceived naturally.

Design: Meta-analysis.

Setting: University-affiliated teaching hospital.

Patient(s): Singleton pregnancies conceived with ART and naturally.

Intervention(s): PubMed, Google Scholar, Cochrane Libraries and Chinese database were searched through March 2015 to identify
studies that met pre-stated inclusion criteria. Either a fixed- or a random-effects model was used to calculate the overall combined
risk estimates. Subgroup analysis was performed to explore potential heterogeneity moderators.

Main Outcome Measure(s): Pregnancy-related complications and adverse pregnancy outcomes.

Result(s): Fifty cohort studies comprising 161,370 ART and 2,280,241 spontaneously conceived singleton pregnancies were identified.
The ART singleton pregnancies had a significantly increased risk of pregnancy-induced hypertension (relative risk [RR] 1.30, 95%
confidence interval [CI] 1.04-1.62; > = 79%), gestational diabetes mellitus (RR 1.31, 95% CI 1.13-1.53; I* = 6%), placenta previa
(RR 3.71, 95% CI 2.67-5.16; > = 72%), placental abruption (RR 1.83, 95% CI 1.49-2.24; P = 2200), antepartum hemorrhage (RR
2.11, 95% CI 1.86-2.38; I> = 47%), postpartum hemorrhage (RR 1.29, 95% CI 1.06-1.57; I> = 659%), polyhydramnios (RR 1.74, 95%
CI 1.24-2.45; I> = 0%), oligohydramnios (RR 2.14, 95% CI 1.53-3.01; I = 0%), cesarean sections (RR 1.58, 95% CI 1.48-1.70; I* =
9200), preterm birth (RR 1.71, 95% CI 1.59-1.83; I’=8000), very preterm birth (RR 2.12, 95% CI 1.73-2.59; I* = 90%), low birth
weight (RR 1.61, 95% CI 1.49-1.75; I> = 80%), very low birth weight (RR 2.12, 95% CI 1.84-2.43; I> = 67%), small for gestational
age (RR 1.35, 95% CI 1.20-1.52; I* = 82%), perinatal mortality (RR 1.64, 95% CI 1.41-1.90; ’=45%), and congenital malformation
(RR 1.37, 95% CI 1.29-1.45; ’=41%). Relevant heterogeneity moderators have been identified by subgroup analysis. Sensitivity
analysis yielded consistent results. No evidence of publication bias was observed.
Conclusion(s): The ART singleton pregnancies are associated with higher risks of adverse ob-
stetric outcomes. Obstetricians should manage these pregnancies as high risk. (Fertil Steril®
2016;105:73-85. ©2016 by American Society for Reproductive Medicine.)
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an increasing number of couples require assisted repro-

ductive technology (ART), such as in vitro fertilization
(IVF) and intracytoplasmic sperm injection (ICSI), to build
their family (2). More than 200,000 babies are born worldwide
each year by ART (3, 4), and to date, approximately 5 million
in all (5). Children conceived with ART currently constitute as
much as 3.3% of all births in Australia (6), 4.2% in Israel (7),
1.5% in Japan (8), 1% in the United States (9), 5.9% in
Denmark (10), and 1.7%-2.2% in the largest European
countries (Germany, France, United Kingdom, and Italy)
(11). Tt is well documented that pregnancies resulting from
ART are at higher risk of poor outcomes, but this is due
mainly to the higher incidence of multiple pregnancies (12,
13). Although success with ART treatment is surely
associated with the number of embryos transferred (14), a
policy of single-embryo transfer (SET) in stimulated cycles
becomes more popular and is nowadays the most effective
measure to reduce the incidence of multiple pregnancies in
Europe (15, 16). With an increasing implementation of SET
in more and more countries, multiple pregnancies have
reduced dramatically.

Data available from three meta-analyses (17-19) show
that ART singleton pregnancies had a higher risk of adverse
pregnancy outcomes when compared with those after
spontaneous conception. Of note, these three reviews
included some case-control studies and did not focus on
maternal complications. Case-control studies are prone to
recall and selection biases, which limit the strength and
quality of such evidence. Additionally, they only took
whether the confounding factors were matched into
account when exploring heterogeneity sources. Three years
ago a review (20) of 30 cohort studies, which to our
knowledge is the latest meta-analysis around this topic to
date, supported that ART singleton pregnancies were associ-
ated with an increased risk of maternal complications and
adverse pregnancy outcomes. However, this review (20) did
not give attention to the risk of placenta previa, placental
abruption, postpartum hemorrhage, polyhydramnios, and oli-
gohydramnios. Similarly, when exploring heterogeneity
sources, it did not take other confounding factors into ac-
count, except for whether the confounding factors were
matched.

In fact, many subsequent cohort studies (2, 4, 6-8, 10, 12,
21-28) with adequate sample sizes that examined the
association between ART singleton pregnancies and
obstetric risks have yielded mixed results, with some
showing similar outcomes to spontaneous conceptions (2, 7,
8, 21, 28) and others showing poorer outcomes (4, 6, 10, 12,
22-27). These studies involved 107,694 ART and 1,294,580
spontaneously conceived (SC) singleton pregnancies and
accounted for 200.6% of the ART infants and 131.3% of the
SC infants vs. studies already included in the previous
meta-analysis. If these newer literatures could be included
in the future meta-analysis, it is bound to increase the statis-
tical power, which will help to find a statistically significant
difference for obstetric risks, especially for rare outcomes;
furthermore, this will also help to provide sufficient numbers
of studies to examine obstetric risks within subgroups with

T oday, in the context of high incidence of infertility (1),

greater confidence and to explore possible explanations for
heterogeneity. Our study aimed at providing up-to-date evi-
dence to determine whether there are any increases in
pregnancy-related complications and adverse pregnancy out-
comes in singleton pregnancies obtained by IVF and/or ICSI
when compared with SC pregnancies and identify potential
heterogeneity moderators by subgroup and sensitivity
analysis.

MATERIALS AND METHODS
Search Strategy

The present study was approved by the institutional review
board of Maternal and Child Health Hospital of Hunan Prov-
ince. We attempted to report this meta-analysis in accordance
with the Meta-Analysis of Observational Studies in Epidemi-
ology guidelines (29). Unrestricted searches were conducted,
with an end date parameter of March 2015, of PubMed, Goo-
gle Scholar, Cochrane Libraries, China Biology Medicine disc,
Chinese Scientific Journals Fulltext Database (CQVIP), China
National Knowledge Infrastructure, and Wanfang Database,
to identify studies that assessed outcomes in singleton preg-
nancies resulting from ART. We used and combined the
following search terms: “(Assisted reproductive technology
OR ART OR Assisted conception OR Assisted reproduction
OR In vitro fertilization OR IVF OR Test tube baby OR Intracy-
toplasmic sperm injection OR ICSI OR Artificial insemination
OR Intrauterine insemination OR IUI OR Cervical canal insem-
ination OR Embryo transfer) AND (Pregnancy outcomes OR
Pregnancy complications OR Birth outcomes OR Neonatal
outcomes OR Perinatal outcomes OR Obstetric outcomes OR
Adverse outcomes OR Perinatal mortality OR Perinatal
morbidity OR Preterm OR Low birth weight OR Congenital
malformation OR Anomalies OR Birth defect OR Pregnancy-
induced hypertension OR Gestational diabetes mellitus OR
Placenta previa OR Placenta abruption OR Premature rupture
of membranes OR Antepartum hemorrhage OR Postpartum
hemorrhage).” Reference lists of the retrieved articles were
also reviewed. The grey literature and conference abstracts
were not searched. We did not contact authors of the primary
studies for additional information.

Definitions

In the present study, ART singleton pregnancies were defined
as the exposed group, and SC singleton pregnancies were
defined as the unexposed group. We defined ART as being
conceived by ICSI and/or IVF. We defined the SC group as
pregnant women with no history of infertility in their records
and no infertility treatment or whose spontaneous pregnan-
cies have arisen after ovulation induction (OI) and intrauter-
ine insemination (IUI). The outcomes of interest were
pregnancy-related complications and adverse pregnancy out-
comes. The complications involved were pregnancy-induced
hypertension, gestational diabetes mellitus, placenta previa,
placental abruption, premature rupture of membranes, ante-
partum hemorrhage, postpartum hemorrhage, polyhydram-
nios, oligohydramnios, and cesarean sections. The adverse
pregnancy outcomes involved were preterm birth (PTB;
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