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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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defined as birth at <37 weeks’ gestation); very preterm birth
(VPTB; defined as birth at <32 weeks’ gestation); low birth
weight (LBW; defined as birth weight <2,500 g); very low
birth weight (VLBW; defined as birth weight < 1,500 g); small
for gestational age (SGA; defined as birth weight below the
10th percentile of the national reference curve); perinatal
mortality (defined as stillbirth, fetal death, or neonatal death);
congenital malformations (CM; defined as abnormalities that
were probably of prenatal origin, including structural, chro-
mosomal, and genetic defects); and intrauterine growth re-
striction (IUGR; defined as growth below the third percentile
for gestational age). Because variations in the definition of
outcomes exist across countries and cultures, it is extremely
difficult to define uniform standards. The early literature did
not always define birth outcomes, and in such cases we relied
on the outcome terminology in the original articles.

Study Selection

We first performed an initial screening of titles or abstracts. A
second screening was based on full-text review. Studies were
considered eligible if they [1] were published in Chinese or En-
glish; [2] had a prospective or retrospective cohort design; [3]
compared obstetric risks of ART singleton pregnancies with
those conceived naturally; [4] had use of IVF and/or ICSI as
the exposure of interest; [5] had use of pregnancy-related
complications and adverse pregnancy outcomes as outcomes
of interest; and [6] reported relative risks (RRs) and odd ratios
(ORs), with corresponding 95% confidence intervals (CIs) (or
data to calculate them). We excluded review articles, non-
peer-reviewed local and/or federal government reports, and
conference abstracts and presentations. If the same popula-
tion was studied in more than one study, we included the
study with the longest follow-up time or the most
information.

Data Extraction and Quality Assessment

Two independent reviewers (J.Q. and X.L.) extracted data and
assessed study quality. Any disagreements were resolved
through discussion among the authors until consensus was
reached. Data extraction was performed by using a standard-
ized data collection form. We extracted any reported RRs or
ORs of outcomes for ART-conceived singletons, compared
with SC singletons. Furthermore, we extracted characteristics
for each study. Information was recorded as follows: first au-
thor’s name; publication year; study period; geographic re-
gion; sample source (population vs. clinic-based studies);
study design (prospective vs. retrospective cohort study);
sample size of ART and SC group; whether patients who
achieved a pregnancy with OI and IUI were included in the
SC group (yes, no, or not stated); type of ART; whether the
confounding factors were adjusted and/or matched (matched
and/or adjusted vs. crude); quality score; and reported
pregnancy-related complications and adverse pregnancy
outcomes.

The principles of the Newcastle-Ottawa Scale were adapt-
ed to assess the quality of included studies (30). In statistics,
the scale is a tool used for assessing the quality of non-
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randomized studies included in a systematic review and/or
meta-analysis. Using the tool, each study is judged on eight
items, categorized into three groups: the selection of the study
groups; the comparability of the groups; and the ascertain-
ment of outcome of interest for cohort studies. Stars awarded
for each quality item serve as a quick visual assessment. Stars
are awarded such that the highest quality studies can be
awarded as many as nine stars. When the study gains seven
or more stars, it is considered of higher methodologic quality.

Statistical Analysis

Relative risk was used to measure the association between
ART and poor outcomes. Homogeneity of effect size across
studies was tested by using the Q statistics at the P<.10 level
of significance. The I? statistic, which is a quantitative mea-
sure of inconsistency across studies, was also calculated (sig-
nificance level at P > 50%) (31, 32). The combined RR and the
corresponding 95% CI were calculated using either fixed-
effects models or, in the presence of heterogeneity, random-
effects models (33).

Subgroup analyses according to whether the confound-
ing factors were adjusted and/or matched, study design,
geographic region, sample source, sample size, quality score,
whether patients who achieved a pregnancy with OI and IUI
were included in the SC group, and type of ART were per-
formed to assess the potential effect modification of these
variables on outcomes. We also conducted a sensitivity anal-
ysis to investigate the influence of a single study on the over-
all risk estimate by omitting one study at a time. Potential
publication bias was assessed by Begg’s funnel plots and Eg-
ger’s linear regression test (34).

Statistical tests were declared significant for a two-sided
P value not exceeding .05, except where otherwise specified.
Egger’s linear regression test was performed using SAS statis-
tical software, version 8.2 (SAS Institute). Other analyses were
performed by Review Manager version 5.0 (The Nordic Co-
chrane Centre, The Cochrane Collaboration).

RESULTS
Literature Search

We initially searched 3,303 potentially eligible records;
most were excluded after the first screening based on titles
or abstracts because they were duplicates, reviews, or not
relevant to our analysis. After full-text review of 128
studies, 32 studies were excluded because singletons data
could not be extracted. An additional 33 studies that lacked
a control group of natural conception were excluded. Seven
studies in which the exposure was inconsistent with our
analysis and six studies having limited information for out-
comes were also excluded. Finally, we identified 50 eligible
studies (2, 4, 6-8, 10, 12, 21-28, 35-69), including 21
prospective cohort studies and 28 retrospective cohort
studies (Fig. 1).

Study Characteristics

The characteristics of included studies, which involved
161,370 ART singleton births and 2,280,241 SC singleton
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Flow chart showing the meta-analysis studies selection.

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.

births, and were published between 1993 and 2014, are sum-
marized in Table 1. Twenty-nine studies (58%) were conduct-
ed in Europe, 9 (18%) in Asia, 7 (14%) in Australia, 3 (6%) in
the United States, and 2 (4%) in Canada. The sizes of the
exposed and unexposed cohorts ranged from 41 to 5,581 (to-
tal 161,370) and from 52 to 826,909 (total 2,280,241) across
studies, respectively. The studies with a sample size of more
than 2,000 accounted for 62%. The sample source varied
across studies, with more than half (56%) based on popula-
tion. Five studies (10%) (4, 6, 27, 48, 65) included patients
who achieved a pregnancy with OI and IUI in the SC group.
Nineteen studies (38%) did not include these patients in the
SC group, but the remaining studies (52%) did not indicate
whether such patients were included.

Thirty-two studies (64%) were considered of higher meth-
odologic quality, achieving a quality score >7 out of 9; these
32 studies contributed 97.8% of the ART infants and 96.7% of
the SC infants. Eleven studies (22%) did not adjust and/or
match any factors when estimating the effect of ART single-
tons on obstetric outcomes, whereas other studies adjusted
and/or matched for a wide range of potential confounders
for poor outcomes, such as maternal age, education, parity,
race, occupation, smoking during pregnancy, socioeconomic
status, date of delivery, area of residence, and obstetric and
medical history, as well as fetal sex, year of birth, and number
at birth.

ART and Risk of Pregnancy-related Complications

Overall, the ART singleton pregnancies compared with the SC
singleton pregnancies had a significantly increased risk of
developing pregnancy-induced hypertension (RR 1.30 [95%
CI 1.04-1.62]; P=.02), gestational diabetes mellitus (RR
1.31 [95% CI 1.13-1.53]; P=.0004), placenta previa (RR
3.71 [95% CI 2.67-5.16]; P<.00001), placental abruption
(RR 1.83 [95% CI 1.49-2.24]; P<.00001), antepartum hemor-
rhage (RR 2.11 [95% CI 1.86-2.38]; P<.00001), postpartum
hemorrhage (RR 1.29 [95% CI 1.06-1.57]; P=.01), polyhy-
dramnios (RR 1.74 [95% CI 1.24-2.45]; P=.001), oligohy-
dramnios (RR 2.14 [95% CI 1.53-3.01]; P<.0001), and
cesarean sections (RR 1.58 [95% CI 1.48-1.70]; P=.001).
However, substantial heterogeneity was observed for
pregnancy-induced hypertension (I* = 79%), placenta previa
(? = 819%), postpartum hemorrhage (I > = 65%), and cesarean
sections (2 = 92%) (Table 2).

ART and Risk of Adverse Pregnancy Outcomes

Overall, the ART singleton pregnancies compared with the
reference group experienced a significantly increased risk of
developing PTB (RR 1.71 [95% CI 1.59-1.83]; P<.00001),
VPTB (RR 2.12 [95% CI 1.73-2.59]; P<.00001), LBW (RR
1.61 [95% CI 1.49-1.75]; P<.00001), VLBW (RR 2.12 [95%
CI 1.84-2.43]; P<.00001), SGA (RR 1.35 [95% CI
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TABLE 1

Characteristics of 50 cohort studies of ART and risk of maternal complications and adverse pregnancy outcomes in singleton pregnancies.

Whether patients
who achieved a
Grouped by pregnancy with

First author/publication ART sample size Ol and IUIl were Adjusted, Reported pregnancy-related
year (study period) Geographic  Sample Study singletons SsC (ART plus included in the Type of matched, or Quality complications and adverse
(reference) region source” design (n) singletons (n) SC group) SC group? ART crude data score” pregnancy outcomes
Olivennes F/1993 France Clinic Retrospective 162 5,096 >2,000 No IVF Crude 2 Pregnancy-induced hypertension,
(1987-1989) (35) cohort premature rupture of

membranes, cesarean sections,
PTB, VPTB, LBW, VLBW, SGA,

PM
Verlaenen H/1995 Belgium Clinic Retrospective 140 140 <500 No IVF Matched 1 Pregnancy-induced hypertension,
(1998-1994) (36) cohort PTB, IUGR, LBW, VLBW, PM, CM
Wennerholm UB/1996 Sweden Clinic Retrospective 140 9,753 >2,000 Not stated ICSI Matched 2 LBW, VLBW
(1992-1995) (37) cohort
Wennerholm UB/1997 Sweden Clinic Retrospective 320 160 <500 Not stated IVF Matched 2 cesarean sections, PTB, VPTB, LBW,
(1990-1995) (38) cohort SGA
Reubinoff BE/1997 Israel Clinic Retrospective 260 260  500-2,000 Not stated IVF Matched 2 Placenta previa, premature rupture
(1983-1993) (39) cohort of membranes, pregnancy-
induced hypertension,
gestational diabetes mellitus,
antepartum hemorrhage,
cesarean sections, PTB, LBW,
SGA
Dhont M/1997 Belgium Population Retrospective 311 622 500-2,000 Not stated IVF/ICSI©  Matched 1 Cesarean sections, PTB, VPTB, LBW,
(1991-1997) (40) cohort VLBW, PM, CM
Westergaard HB/1999  Denmark Population Prospective 1,298 1,298 >2,000 Not stated IVFACSI®  Matched 1 cesarean sections, PM, CM, PTB,
(1994-1996) (41) cohort LBW, VLBW
Dhont M/1999 Belgium Population Retrospective 3,048 3,048 >2,000 No IVFACSIC  Matched 1 cesarean sections, PM, CM, PTB,
(1992-1997) (42) cohort VPTB, LBW, VLBW
Koudstaal J/2000 Netherlands Clinic Retrospective 307 307 500-2,000 No IVF Matched 2 cesarean sections, PTB, LBW, SGA
(1992) (43) cohort
Perri T/2001 Israel Clinic Retrospective 95 190 <500 Not stated IVF/ICSI®  Matched 2 PTB, cesarean sections
(1996) (44) cohort
Isaksson R/2002 Finland Clinic Retrospective 69 345 <500 Not stated IVFACSI®  Matched 2 cesarean sections, PTB, LBW, VLBW,
(1993-1999) (45) cohort SGA, PM, CM, placenta previa,
placental abruption, pregnancy-
induced hypertension,
gestational diabetes mellitus
Koivurova $/2002 Finland Population Prospective 153 287 <500 Not stated IVF Matched 1 PTB, VPTB, LBW, VLBW, CM
(1990-1995) (46) cohort
Wang JX/2002 Australia Clinic Prospective 1,019 1,019 >2,000 No IVFICSI©  Matched 1 Cesarean sections, PTB, VPTB, CM,
(1986-1998) (47) cohort antepartum hemorrhage
Hansen M/2002 Australia Clinic Prospective 713 3,906 >2,000 Yes IVF; ICSI Adjusted only 1 cesarean sections, PM, PTB, LBW,
(1993-1997) (48) cohort for CM VLBW, CM
Place 1/2003 Belgium Clinic Prospective 118 59 <500 No IVF; ICSI Matched 2 M
(1998-2000) (49) cohort

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.
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TABLE 1

Continued.

First author/publication
year (study period)
(reference)

Ochsenkuhn R/2003
(1991-1996) (50)

Katalinic A/2004
(1998-2000) (51)

Li FL/2005
(2000-2004) (52)

Klemetti R/2005
(1996-1999) (53)

Olson CK/2005
(1989-2002) (54)

Bonduelle M/2005
(2000-2005) (55)

Agarwal P/2005
(1998-2003) (56)

Ombelet W/2005
(1997-2003) (57)
Kapiteijn K/2006
(1980-1995) (58)
Romundstad LB/2006
(1988-2002) (59)
Buckett WM/2007
(1998-2003) (60)
Poikkeus P/2007
(1997-2003) (61)

Geographic
region

Germany

Germany

China

Finland

USA

UK, Belgium,
Sweden,
Denmark,
and
Greece

Singapore

Belgium

Netherlands

Norway

Canada

Finland

Sample
source®

Clinic

Population

Clinic
Population

Clinic

Population

Clinic

Population
Population
Population
Clinic

Population

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.

Study
design

Retrospective
cohort

Prospective
cohort

Prospective
cohort

Prospective
cohort

Retrospective
cohort

Prospective
cohort

Prospective
cohort

Retrospective
cohort
Retrospective
cohort
Retrospective
cohort
Prospective

cohort
Prospective
cohort

ART

singletons

(n)
163

2,055

115
2,930

645

977

41

1,655
2,239
5,581

237

499

Grouped by
sample size
SC (ART plus
singletons (n) SC group)
322 <500
7,861 >2,000
1,095 500-2,000
26,489 >2,000
4,590 >2,000
538  500-2,000
147 <500
3,278 >2,000
6,343 >2,000
826,909 >2,000
338  500-2,000
15,037 >2,000

Whether patients

who achieved a
pregnancy with
Ol and IUl were
included in the
SC group?

Not stated

Not stated

Not stated
No

No

Not stated

Not stated

Not stated
No

Not stated
Not stated

Not stated

Type of
ART

IVE

ICSI

IVF
IVF

IVF

IVF; ICSI

ICSI

ICSI
IVF
IVFACSI
IVF; ICSI

IVF/ICSI®

Adjusted,
matched, or
crude data

Matched

Crude

Matched

Adjusted

Matched,;
Adjusted

for CM
Matched

Matched

Matched
Adjusted
Adjusted
Matched

Crude

Quality
score”

2

Reported pregnancy-related
complications and adverse
pregnancy outcomes

Cesarean sections, antepartum
hemorrhage, pregnancy-
induced hypertension,
gestational diabetes mellitus,
PTB, LBW, VLBW, PM

Cesarean sections, PTB, LBW,
VLBW, CM, placenta previ,
placental abruption, premature
rupture of membranes,
oligohydramnios,
polyhydramnios, pregnancy-
induced hypertension

LBW, VLBW, PM, CM

CM

Cesarean sections, LBW, VLBW,
VPTB, CM

Cesarean sections, CM

PTB, VPTB, LBW, VLBW, pregnancy-
induced hypertension, placenta
previa

PTB, VPTB, LBW, VLBW, PM, CM

PTB, VPTB, LBW, VLBW
Placenta previa
LWB, VLBW, PTB, VPTB

Cesarean sections, PTB, VPTB, LBW,
VLBW, SGA, PM, pregnancy-
induced hypertension,
gestational diabetes mellitus,
premature rupture of
membranes, placenta previa,
placental abruption
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TABLE 1
Continued.
Whether patients
who achieved a
Grouped by pregnancy with
First author/publication ART sample size Ol and IUIl were Adjusted, Reported pregnancy-related
year (study period) Geographic  Sample Study singletons SC (ART plus included in the Type of matched, or Quality complications and adverse
(reference) region source” design (n) singletons (n) SC group) SC group? ART crude data score” pregnancy outcomes
Schieve LA/2007 USA Population Retrospective 1,400 1,400 >2,000 No IVFACSI®  Matched 1 Pregnancy-induced hypertension,
(1997-1998) (62) cohort gestational diabetes mellitus,
placenta previa, placental
abruption, cesarean sections,
PTB, VPTB, LBW, VLBW
Palermo GD/2008 USA Clinic Retrospective 229 194 <500 Not stated ICSI Matched 2 CM
(1993-2006) (63) cohort
Apantaku 0/2008 UK Clinic Retrospective 88 88 <500 No IVFAICSI®  Matched 2 PTB, cesarean section, LBW, VLBW,
(1999-2004) (64) cohort CM
Fujii M/2010 (2006) (8) Japan Population Retrospective 1,408 53,939 >2,000 No IVF Adjusted 1 PM, LBW, SGA, CM, placenta previa
cohort except for
placenta previa
Halliday JL/2010 Australia Population Retrospective 6,946 20,838 >2,000 Yes IVF; ICSI  Matched 1 CM
(1991-2004) (4) cohort and adjusted
Pinborg A/2010 Denmark Population Prospective 11,286 4,800 >2,000 Yes IVF; ICSI Crude 1 Cesarean sections, LBW, VLBW,
(1995-2007) (65) cohort PTB, VPTB, PM, CM
Wisborg K/2010 Denmark Population Prospective 742 16,525 >2,000 No IVFACSI®  Adjusted 1 PM
(1989-2006) (12) cohort
Wen SW/2010 Canada Clinic Retrospective 568 1,100  500-2,000 Not stated IVFACSIC  Matched 1 CM, PM, VPTB, IUGR
(1996-2005) (2) cohort and adjusted
Healy DL/2010 Australia Population Retrospective 6,730 24,619 >2,000 No IVFACSIC  Matched 1 Cesarean section, placenta previa,
(1991-2004) (66) cohort and adjusted placental abruption, antepartum
hemorrhage, postpartum
hemorrhage
Pelkonen S/2010 Finland Population Prospective 4,772 31,243 >2,000 Not stated IVFACSI®  Crude 1 Cesarean section, PTB, VPTB, LBW,
(1995-2006) (67) cohort VLBW, SGA, PM
Henningsen AK/2011  Denmark Population Prospective 3,881 3,880 >2,000 Not stated IVFACSI®  Adjusted 1 PTB, VPTB, LBW, VLBW
(1994-2008) (68) cohort
Zeng MY/2011 China Clinic Retrospective 52 52 <500 Not stated IVFACSI®  Crude 2 PTB, placenta previa, premature
(2005-2011) (69) cohort rupture of membranes,
pregnancy-induced
hypertension, gestational
diabetes mellitus
Hayashi M/2012 Japan Population Retrospective 4,570 4,264 >2,000 No IVF Matched 1 Cesarean sections, PTB, VPTB, LBW,
(2001-2005) (22) cohort VLBW, SGA, PM, pregnancy-
induced hypertension, placental
abruption, placenta previa,
postpartum hemorrhage
Hansen M/2012 Australia Population Retrospective 1,972 205,641 >2,000 Yes IVFACSI®  Adjusted 1 Cesarean sections, PTB, VPTB, LBW,
(1994-2002) (6) cohort only for CM VLBW, CM, PM
Sagot P/2012 France Population Retrospective 903 4,044 >2,000 No IVF Matched 1 @\
(2000-2009) (25) cohort and adjusted

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.
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TABLE 1

Continued.

First author/publication

year (study period)
(reference)

Kuivasaari—Pirinen
P/2012
(1996-2007) (21)

Davies MJ/2012
(1986-2002) (26)

Farhi A/2013
(2006-2008) (7)

Fedder J/2013
(1995-2009) (27)

Malchau SS/2013
(1995-2010) (10)

Wennerholm UB/2013
(1982-2007) (23)

Poon WB/2013
(2001-2012) (28)

Marino JL/2014
(1986-2002) (24)

Geographic

region

Finland

Australia

Israel

Denmark

Denmark

Denmark,
Norway
and
Sweden

Singapore

Australia

2 Population vs. clinic-based sample.

® Each study was assigned a score out of 9; 1 = higher-quality studies with scores >7, 2 = low-quality with scores <7.

Sample
source®

Population

Population

Population

Population

Clinic

Population

Clinic

Population

Study
design

Retrospective
cohort

Retrospective
cohort

Prospective
cohort

Prospective
cohort

Prospective
cohort

Prospective

cohort

Retrospective
cohort

Prospective
cohort

€ These articles did not estimate obstetric risks in IVF and ICSI pregnancies separately.

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.

ART

singletons

(n)
255

4,333

509

17,216

16,732

48,889

261

2,338

Grouped by
sample size
SC (ART plus
singletons (n) SC group)
26,870 >2,000
295,220 >2,000
587 500-2,000
33,852 >2,000
33,437 >2,000
288,542 >2,000
15,985 >2,000
293,684 >2,000

Whether patients

who achieved a
pregnancy with
Ol and Ul were
included in the
SC group?

Not stated

No

Not stated

Yes

Not stated

Not stated

No

No

Type of
ART

IVF/ACSI®

IVF; ICSI

IVF; ICSI

IVF; ICSI

IVF; ICSI

IVF/ACSI®

IVFACSIC

IVF; ICSI

Adjusted,
matched, or
crude data

Crude

Adjusted
only for CM
Adjusted

Crude

Crude

Crude

Crude

Adjusted

Quality
score”

2

Reported pregnancy-related
complications and adverse
pregnancy outcomes

Gestational diabetes mellitus,
placental abruption, placenta
previa, PTB, LBW, SGA

cesarean sections, PTB, VPTB, PM,
(@)Y

Pregnancy-induced hypertension,
gestational diabetes mellitus,
cesarean sections, PTB, LBW,
SGA, CM

Cesarean sections, LBW, VLBW,
PTB, VPTB, PM, CM

Cesarean sections, SGA, PTB, VPTB,
LBW, VLBW, CM, pregnancy-
induced hypertension

LBW, VLBW, PTB, VPTB, SGA, PM

Cesarean sections, antepartum
hemorrhage; oligohydramnios;
polyhydramnios; gestational
diabetes mellitus; PTB, VPTB,
LBW, VLBW, CM

PM, PTB, VPTB, LBW, VLBW, SGA
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TABLE 2

Meta-analysis of association between ART and pregnancy-related complications in singleton pregnancies.

Pregnancy-related No. of ART SC
complication studies singletons (n) singletons (n)
Pregnancy-induced 13 26,652 68,948
hypertension
Gestational diabetes mellitus 9 3,468 60,858
Placenta previa 12 22,920 961,703
Placental abruption 7 15,578 80,396
Premature rupture of 5 3,028 28,306
membranes
Antepartum hemorrhage 5 8,433 42,205
Postpartum hemorrhage 2 11,300 28,883
Polyhydramnios 2 2,316 23,846
Oligohydramnios 2 2,316 23,846
Caesarean sections 28 81,810 695,735

Note: RR = relative risk.

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.

1.20-1.52]; P<.00001), CM (RR 1.37 [95% CI 1.29-1.45];
P<.00001), and perinatal mortality (RR 1.64 [95% CI 1.41-
1.90]; P<.00001). However, substantial evidence of heteroge-
neity was found for these outcomes (all P values >41%)
(Table 3).

Subgroup Analysis for Pregnancy-related
Complications

Subgroup analysis for pregnancy-related complications is
summarized in Supplemental Table 1 (available online). After
subgroup analysis, whether patients who achieved a preg-
nancy with OI and TUI were included in the SC group,
geographic region, and type of ART were identified as the first
three of the most relevant heterogeneity moderators. These
differences for risks of developing placenta previa (test for
subgroup differences [TSD]: x> = 44.39, P<.00001; P> =
93.20%) and cesarean sections (TSD: x* = 13.61, P=.003; I*
= 77.9%) in the ART singleton pregnancies were statistically
significant between different geographic regions. Addition-
ally, there were statistically significant differences for risk
of developing placenta previa in the ART singleton pregnan-

RR (95% CI) RR (95% ClI)

Measure of heterogeneity

from fixed-effects from random-effects

models models Q P P (%)
1.25(1.17-1.34) 1.30 (1.04-1.62) 57.97 <.00001 79
1.31(1.13-1.53) 1.31(1.11-1.54) 8.53 .38 6
3.31(2.96-3.70) 3.71 (2.67-5.16) 58.86 <.00001 81
1.83 (1.49-2.24) 1.87 (1.45-2.40) 7.70 .26 22
0.91 (0.81-1.03) 1.31(0.72-2.38) 12.99 .01 69
2.11(1.86-2.38) 2.40(1.79-3.21) 7.56 11 47
1.24 (1.13-1.36) 1.29 (1.06-1.57) 2.84 .09 65
1.74 (1.24-2.45) 1.74 (1.24-2.45) 0.35 .55 0
2.14 (1.53-3.01) 2.14 (1.53-3.01) 0.00 97 0
1.57 (1.54-1.59) 1.58 (1.48-1.70) 334.66 <.00001 92

cies for whether patients who achieved a pregnancy with OI
and IUI were included in the SC group (TSD: x? = 25.04,
P<.00001; I = 96.0%) and type of ART (TSD: x> = 10.99,
P=.004; > = 81.8%).

Subgroup Analysis for Adverse Pregnancy
Outcomes

Subgroup analysis for adverse pregnancy outcomes is sum-
marized in Supplemental Table 2. After subgroup analysis,
geographic region, whether the confounding factors were
adjusted and/or matched, and whether patients who achieved
a pregnancy with OI and IUI were included in the SC group
were identified as the first three of the most relevant hetero-
geneity moderators. These differences for risks of developing
VPTB (TSD: x2 = 16.22, P=.001; I> = 81.5%), LBW (TSD: x>
= 61.51, P<.00001; I> = 95.1%), VLBW (TSD: x* = 44.03,
P<.00001; > = 93.20%), and SGA (TSD: x> = 15.42,
P=.0004; > = 87.0%) in the ART singleton pregnancies
were statistically significant between different geographic re-
gions. There were statistically significant differences for risks
of developing LBW (TSD: x* = 13.32, P=.0003; I? = 92.5%),

TABLE 3

Meta-analysis of association between ART and adverse pregnancy outcomes in singleton pregnancies.

Adverse pregnancy No. of ART SC
outcome studies singletons (n) singletons (n)
Preterm birth 36 133,338 1,289,549
Very preterm birth 25 128,547 1,253,013
Low birth weight 36 130,147 1,062,445
Very low birth weight 30 127,088 980,322
Small for gestational age 14 81,090 753,771
Perinatal mortality 22 106,267 1,262,997
Congenital malformations 28 77,697 724,300
Intrauterine growth 2 708 1,240
restriction

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.

RR (95% CI) RR (95% CI)

Measure of heterogeneity

from fixed-effects from random-effects

models models Q P P (%)
.70 (1.67-1.74) 1.71 (1.59-1.83) 171.67 <.00001 80
.75 (2.62-2.88) 2.12 (1.73-2.59) 23452 <.00001 90
.69 (1.64-1.73) 1.61(1.49-1.75) 175.76  <.00001 80
.18 (2.06-2.30) 2.12 (1.84-2.43) 88.63 <.00001 67
49 (1.44-1.54) 1.35(1.20-1.52) 72.20 <.00001 82
.57 (1.46-1.70) 1.64 (1.41-1.90) 38.24 .01 45
.32 (1.27-1.36) 1.37 (1.29-1.45) 45.43 .01 41
.08 (0.60-1.97) 1.11 (0.32-3.94) 4.49 .03 78
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SGA (TSD: x* = 8.85, P=.003; I> = 88.7%), and CM (TSD: x?
= 5.17, P=.02; I> = 80.7%) in the ART singleton pregnancies
for whether the confounding factors were adjusted and/or
matched. Additionally, there were statistically significant dif-
ferences for risks of developing LBW (TSD: x* = 15.75,
P=.0004; > = 87.3%) and VLBW (TSD: x? = 8.24, P=.02;
I> = 75.7%) in the ART singleton pregnancies for whether pa-
tients who achieved a pregnancy with Ol and IUI were
included in the SC group.

Sensitivity Analysis

Sensitivity analyses were conducted to explore potential
sources of heterogeneity in the association between ART
and obstetric risks and to examine the influence of various
exclusion criteria on the overall risk estimate. Exclusion of
five studies (4, 6, 27, 48, 65) in which patients achieved a
pregnancy with OI and IUI in the SC group, yielded similar
results (Supplemental Tables 1 and 2). Exclusion of any one
study at a time yielded consistent results, with a narrow
range from 1.30 (95% CI 1.00-1.74) to 1.41 (95% CI 1.22-
1.64) for pregnancy-induced hypertension; 1.26 (95% CI
1.05-1.50) to 1.34 (95% CI 1.15-1.56) for gestational diabetes
mellitus; 3.09 (95% CI 2.32-4.11) to 3.78 (95% CI 2.62-5.46)
for placenta previa, 1.74 (95% CI 1.36-2.23) to 2.06 (95% CI
1.64-2.60) for placental abruption, 0.89 (95% CI 0.79-1.00)
to 1.59 (95% CI 0.77-3.29) for premature rupture of mem-
branes; 2.04 (95% CI 1.80-2.32) to 2.82 (95% CI 2.10-3.78)
for antepartum hemorrhage; 1.55 (95% CI 1.45-1.65) to
1.60 (95% CI 1.50-1.71) for cesarean sections; 1.68 (95% CI
1.57-1.80) to 1.73 (95% CI 1.62-1.85) for PTB; 2.04 (95% CI
1.67-2.51) to 2.19 (95% CI 1.80-2.68) for VPTB; 1.59 (95%
CI 1.47-1.73) to 1.64 (95% CI 1.52-1.78) for LBW; 2.06
(95% CI 1.79-2.36) to 2.17 (95% CI 1.89-2.48) for VLBW;
1.30 (95% CI 1.17-1.45) to 1.38 (95% CI 1.22-1.55) for
SGA; 1.58 (95% CI 1.38-1.81) to 1.70 (95% CI 1.47-1.96)
for perinatal mortality; and 1.32 (95% CI 1.27-1.38) to 1.39
(95% CI 1.29-1.48) for CM.

Publication Bias

The Begg’s funnel plot did not show any substantial asymme-
try. Egger’s regression test also indicated little evidence of
publication bias (P=.312 for pregnancy-induced hyperten-
sion; .202 for gestational diabetes mellitus; .178 for placenta
previa; .130 for placental abruption; .166 for premature
rupture of membranes; .240 for antepartum hemorrhage;
.512 for cesarean sections; .704 for PTB, .439 for VPTB,
.801 for LBW, .301 for VLBW, .155 for SGA, .780 for CM,
and .326 for perinatal mortality).

DISCUSSION

Assisted reproductive technology was introduced into medi-
cal practice with little formal evaluation of its effects on
maternal and fetal well-being (57). Earlier reviews have sug-
gested that ART pregnancies are associated with higher risks.
However, there have been recent advances in the way ART is
done, leading to some controversy as to whether ART single-
tons are associated with higher obstetric risks. In particular,

along with the increasing implementation of SET, more and
more researchers are interested in this topic. Our meta-
analysis of 50 cohort studies involving 161,370 ART single-
tons and 2,280,241 SC singletons, with sufficient statistical
power, aimed at providing the updated evidence to address
the question of whether an increased risk of pregnancy-
related complications and adverse pregnancy outcomes exists
in ART singleton pregnancies compared with those conceived
naturally. An improved understanding of this issue may have
important clinical implications, given the possibility that the
clear results might be useful for counseling ART patients and
properly designing the consent forms.

Findings from our study indicated that the singleton
pregnancies created with ART experienced a significantly
increased risk, of 30% for pregnancy-induced hypertension,
31% for gestational diabetes mellitus, 27 1% for placenta pre-
via, 83% for placental abruption, 111% for antepartum hem-
orrhage, 29% for postpartum hemorrhage, 74% for
polyhydramnios, 114% for oligohydramnios, 58% for cesar-
ean sections, 71% for PTB, 112% for VPTB, 61% for LBW,
112% for VLBW, 35% for SGA, 64% for perinatal mortality,
and 37% for CM, compared with those created naturally.
The following outcomes’ risk increased further: placental
abruption, perinatal mortality, and CM, when data were
restricted to matched and/or adjusted studies; LBW and
VLBW when data were restricted to high-quality studies;
gestational diabetes mellitus, placenta previa, cesarean sec-
tions, VPTB, LBW, VLBW, and perinatal mortality when
data were restricted to studies with large sample sizes;
pregnancy-induced hypertension, placenta previa, placental
abruption, cesarean sections, PTB, VPTB, LBW, VLBW,
SGA, and perinatal mortality when data were restricted to
prospective cohort studies; pregnancy-induced hypertension,
placenta previa, LBW, VLBW, and perinatal mortality when
data were restricted to population-based studies;
pregnancy-induced hypertension, placenta previa, LBW,
and CM when data were restricted to studies having the use
of ICSI as the exposure of interest; and PTB, VPTB, LBW,
VLBW, SGA, and perinatal mortality when data were
restricted to studies having the use of IVF as the exposure
of interest.

To date there are five existing reviews (17-20, 70) of
outcomes for singleton pregnancies created by IVF and/or
ICSL. Our findings are generally consistent with previous
reviews. However, our study has important strengths. This
review is the most up to date on this subject. With the
accumulating evidence and enlarged sample size, we have
enhanced statistical power to provide more precise and
reliable risk estimates. In our study, 62% of the studies
included in this subgroup analysis had a large sample size
(>2,000); more than half of studies (64%) were considered
of higher methodologic quality; and these high-quality
studies contributed 97.8% of the ART infants and 96.7% of
the SC infants. All the included original studies used a cohort
study design, which minimizes recall and selection biases.
Moreover, the association between ART and obstetric risk per-
sists and remains statistically significant in sensitivity anal-
ysis based on various exclusion criteria. The most relevant
heterogeneity moderators have been identified by subgroup
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analysis. Additionally, our study indicated that singleton
pregnancies after ART carry an increased risk of placenta pre-
via, placental abruption, postpartum hemorrhage, polyhy-
dramnios, and oligohydramnios, which has not been
confirmed by previous reviews.

The underlying mechanisms involved in the association
between ART and poor outcomes in the singleton pregnancies
are uncertain. One possible explanation is that ART proce-
dures or maternal factors associated with infertility or a com-
bination of these bring about increased risks of adverse
outcomes in the ART pregnancies. Some studies have shown
that factors associated with ART procedures themselves,
such as the medications used to induce ovulation or to main-
tain the pregnancy in the early stages, the culture media
composition, the length of time in culture, the freezing and
thawing of embryos, the potential for polyspermic fertiliza-
tion, the delayed fertilization of the oocyte, altered hormonal
environment at the time of implantation, and the manipula-
tion of gametes and embryos or a combination of these,
may increase the risk of adverse outcomes (6, 48, 71-73).
However, some studies have concluded that the ART
procedures associated with IVF and ICSI are not responsible
for these adverse outcomes. This viewpoint is supported by
studies of subfertile women who conceived without the aid
of ART and yet exhibited an increased risk of PTB (22, 24,
58, 74-76), LBW (24, 74-76), perinatal mortality (24, 77),
CM (74, 78), pregnancy-induced hypertension or pre-
eclampsia (74-76), gestational diabetes (74), and cesarean
delivery (74-76). In addition, it has been hypothesized that
the invasive infertility treatments may cause health
problems in the mothers and their offspring, and the more
invasive the procedure, the more harmful it may be (2). The
uncertainty of underlying mechanisms between ART and
obstetric risks warrants further research.

Substantial heterogeneity was observed among studies of
ART and obstetric risks, which was not surprising given the
differences in study population and methodology. In the pre-
sent review, subgroup analysis was used to explore heteroge-
neity sources. Our subgroup analyses have identified main
heterogeneity moderators, including whether patients who
achieved a pregnancy with OI and IUI were included in the
SC group, geographic region, whether the confounding fac-
tors were adjusted and/or matched, and type of ART. Previous
studies (2, 48, 54) showed that differences in the obstetric
management, diagnosis of adverse outcomes, length of
follow-up, ethnic background, socioeconomic situation,
maternal education, food and life habits, ART procedures,
and prenatal care services exist in different geographic re-
gions, which may lead to substantial heterogeneity. Further-
more, the pregnancies occurring after OI and IUI have been
reported to more frequently have poorer outcomes (22, 24,
25). Therefore, if the SC category included patients who
achieved a pregnancy with OI and IUI, the SC pregnancies
will have an increased incidence of adverse outcomes. Our
study has confirmed the above hypothesis.

Potential limitations of this study should be considered.
First, some included studies may have considered patients
who achieved a pregnancy with OI and IUI to be in the SC
category. The results may have been an underestimation of

Fertility and Sterility®

the association between ART and adverse outcomes, because
singleton pregnancies occurring after Ol and IUI have been re-
ported to more frequently have poorer outcomes compared
with those conceived naturally (22, 24, 25). Although we
carried out subgroup analysis according to whether patients
who achieved a pregnancy with OI and IUI were included in
the SC group, more than half of the included studies (52%)
did not specify whether they were included, thereby
restricting our analysis. In fact, when data were restricted to
studies that did not include these patients in the SC group,
the risk of gestational diabetes mellitus, placental
abruption, PTB, VPTB, LBW, VLBW, and perinatal mortality
was increased further.

Second, there was substantial heterogeneity among
studies for association between ART singleton pregnancies
and obstetric risks. Nevertheless, we were able to detect the
major source of heterogeneity through the subgroup analysis
and the sensitivity analysis. The sensitivity analysis that
omitted one study at a time and calculated the combined RR
for the remaining studies yielded consistent results. After sub-
group analysis, the heterogeneity was obviously decreased.
However, our estimates have to be viewed with caution
because of heterogeneity. Third, a number of the outcomes,
especially for pregnancy-related complications, relied on be-
tween 2 and 7 of the 50 total studies, so more studies should
be included in future reviews, to provide further support for
our results.

Fourth, residual confounding is of concern. Uncontrolled
or unmeasured risk factors potentially produce biases. In our
review, 11 studies (22%) did not adjust and/or match any fac-
tors when estimating the effect of ART singletons on obstetric
outcomes, whereas other studies adjusted and/or matched for
a wide range of potential confounders for poor outcomes,
such as maternal age, education, parity, race, occupation,
smoking during pregnancy, socioeconomic status, date of de-
livery, area of residence and obstetric and medical history as
well as fetal sex, year of birth, and number at birth. Although
restricting analysis to studies that have matched or adjusted
confounding factors did not materially alter the combined
risk estimate, we still cannot rule out the possibility that resid-
ual confounding, including vanishing twins, obesity, allo-
genic nature of the fetus, and pregnancy intention, could
affect the results, because these factors do not explain all of
the obstetric risk. Besides, potential publication bias could in-
fluence the findings, but little evidence of publication bias
was observed. Last but not least, because the present review
only included studies published in Chinese or English, addi-
tional research in other populations is warranted to generalize
the findings.

In conclusion, the present study, which includes a large
proportion of participants, giving it sufficient statistical po-
wer, aimed to address the question of whether singleton preg-
nancies obtained by ART carry an increased risk of adverse
obstetric outcomes, compared with those conceived naturally.
Although the role of potential bias and evidence of heteroge-
neity should be carefully evaluated, our study indicated that
ART singleton pregnancies are associated with higher risks
of pregnancy-related complications and adverse pregnancy
outcomes when compared with those conceived naturally.
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Obstetricians should manage these pregnancies as high risk.
However, the mechanisms leading to these adverse outcomes
in infertile women remain unclear and require further study
for elucidation.

Acknowledgments:

The authors thank the editors and re-

viewers for their suggestions.

REFERENCES

1.

10.

1.

12.

15.

Quintino-Moro A, Zantut-Wittmann DE, Tambascia M, Machado Hda C,
Fernandes A. High prevalence of infertility among women with Graves' dis-
ease and Hashimoto's thyroiditis. Int J Endocrinol 2014;2014:982705.
Wen SW, Leader A, White RR, Léveillé MC, Wilkie V, Zhou J, et al. A compre-
hensive assessment of outcomes in pregnancies conceived by in vitro fertil-
ization/intracytoplasmic sperm injection. Eur J Obstet Gynecol Reprod Biol
2010;150:160-5.

de Mouzon J, Lancaster P, Nygren KG, Sullivan E, Zegers-Hochschild F,
Mansour R, et al. World collaborative report on Assisted Reproductive Tech-
nology, 2002. Hum Reprod 2009;24:2310-20.

Halliday JL, Ukoumunne OC, Baker HW, Breheny S, Jaques AM, Garrett C,
et al. Increased risk of blastogenesis birth defects, arising in the first 4 weeks
of pregnancy, after assisted reproductive technologies. Hum Reprod 2010;
25:59-65.

Kissin DM, Jamieson DJ, Barfield WD. Monitoring health outcomes of assis-
ted reproductive technology. N Engl J Med 2014;371:91-3.

Hansen M, Kurinczuk JJ, de Klerk N, Burton P, Bower C. Assisted reproduc-
tive technology and major birth defects in Western Australia. Obstet Gyne-
col 2012;120:852-63.

Farhi A, Reichman B, Boyko V, Hourvitz A, Ron-EI R, Lerner-Geva L. Maternal
and neonatal health outcomes following assisted reproduction. Reprod Bio-
med Online 2013;26:454-61.

Fujii M, Matsuoka R, Bergel E, van der Poel S, Okai T. Perinatal risk in singleton
pregnancies after in vitro fertilization. Fertil Steril 2010;94:2113-7.

Society for Assisted Reproductive Technology, American Society for Repro-
ductive Medicine. Assisted reproductive technology in the United States:
2001 results generated from the American Society for Reproductive Medi-
cine/Society for Assisted Reproductive Technology registry. Fertil Steril
2007,87:1253-66.

Malchau SS, Loft A, Larsen EC, Aaris Henningsen AK, Rasmussen S,
Andersen AN, et al. Perinatal outcomes in 375 children born after oocyte
donation: a Danish national cohort study. Fertil Steril 2013;99:1637-43.
Kupka MS, Ferraretti AP, de Mouzon J, Erb K, D'Hooghe T, Castilla JA, et al.
Assisted reproductive technology in Europe, 2010: results generated from
European registers by ESHRE. Hum Reprod 2014;29:2099-113.

Wisborg K, Ingerslev HJ, Henriksen TB. IVF and stillbirth: a prospective
follow-up study. Hum Reprod 2010;25:1312-6.

Qin J, Wang H, Sheng X, Liang D, Tan H, Xia J. Pregnancy-related complica-
tions and adverse pregnancy outcomes in multiple pregnancies resulting
from assisted reproductive technology: a meta-analysis of cohort studies.
Fertil Steril 2015;103:1492-508.e7.

Reynolds MA, Schieve LA, Martin JA, Jeng G, Macaluso M. Trends in multiple
births conceived using assisted reproductive technology, United States,
1997-2000. Pediatrics 2003;111:1159-62.

Moini A, Shiva M, Arabipoor A, Hosseini R, Chehrazi M, Sadeghi M. Obstet-
ric and neonatal outcomes of twin pregnancies conceived by assisted repro-
ductive technology compared with twin pregnancies conceived
spontaneously: a prospective follow-up study. Eur J Obstet Gynecol Reprod
Biol 2012;165:29-32.

Vasario E, Borgarello V, Bossotti C, Libanori E, Biolcati M, Arduino S, et al. IVF
twins have similar obstetric and neonatal outcome as spontaneously
conceived twins: a prospective follow-up study. Reprod Biomed Online
2010;21:422-8.

Helmerhorst FM, Perquin DA, Donker D, Keirse MJ. Perinatal outcome of sin-
gletons and twins after assisted conception: a systematic review of
controlled studies. BMJ 2004;328:261.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Jackson RA, Gibson KA, Wu YW, Croughan MS. Perinatal outcomes in sin-
gletons following in vitro fertilization: a meta-analysis. Obstet Gynecol 2004;
103:551-63.

McDonald SD, Murphy K, Beyene J, Ohlsson A. Perinatel outcomes of
singleton pregnancies achieved by in vitro fertilization: a systematic review
and meta-analysis. J Obstet Gynaecol Can 2005;27:449-59.

Pandey S, Shetty A, Hamilton M, Bhattacharya S, Maheshwari A. Obstetric
and perinatal outcomes in singleton pregnancies resulting from IVFICSI: a
systematic review and meta-analysis. Hum Reprod Update 2012;18:485—
503.

Kuivasaari-Pirinen P, Raatikainen K, Hippeldinen M, Heinonen S. Adverse
outcomes of IVF/ICSI pregnancies vary depending on a etiology of infertility.
ISRN Obstet Gynecol 2012;2012:451915.

Hayashi M, Nakai A, Satoh S, Matsuda Y. Adverse obstetric and perinatal
outcomes of singleton pregnancies may be related to maternal factors asso-
ciated with infertility rather than the type of assisted reproductive technol-
ogy procedure used. Fertil Steril 2012;98:922-8.

Wennerholm UB, Henningsen AK, Romundstad LB, Bergh C, Pinborg A,
Skjaerven R, et al. Perinatal outcomes of children born after frozen-
thawed embryo transfer: a Nordic cohort study from the CoONARTaS group.
Hum Reprod 2013;28:2545-53.

Marino JL, Moore VM, Willson KJ, Rumbold A, Whitrow MJ, Giles LC, et al.
Perinatal outcomes by mode of assisted conception and sub-fertility in an
Australian data linkage cohort. PLoS One 2014;9:e80398.

Sagot P, Bechoua S, Ferdynus C, Facy A, Flamm X, Gouyon JB, et al. Similarly
increased congenital anomaly rates after intrauterine insemination and IVF
technologies: a retrospective cohort study. Hum Reprod 2012;27:902-9.
Davies MJ, Moore VM, Willson KJ, Van Essen P, Priest K, Scott H, et al. Repro-
ductive technologies and the risk of birth defects. N Engl J Med 2012;366:
1803-13.

Fedder J, Loft A, Parner ET, Rasmussen S, Pinborg A. Neonatal outcome and
congenital malformations in children born after ICSI with testicular orepidi-
dymal sperm: a controlled national cohort study. Hum Reprod 2013;28:
230-40.

Poon WB, Lian WB. Perinatal outcomes of intrauterine insemination/clomi-
phene pregnancies represent an intermediate risk group compared with
in vitro fertilisation/intracytoplasmic sperm injection and naturally conceived
pregnancies. J Paediatr Child Health 2013;49:733-40.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al.
Meta-analysis of observational studies in epidemiology: a proposal for re-
porting. JAMA 2000;283:2008-12.

Wells GA, Shea B, O'Connell D, Robertson J, Peterson J, Welch V, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality if nonrandomized
studies in meta-analyses. Available at: http:/Awvww.ohri.ca/programs/clinical
epidemiology/oxford.asp. Accessed June 20, 2015.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ 2003;327:557-60.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials
1986,7:177-88.

Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Introduction to meta-
analysis. London: John Wiley & Sons Ltd; 2009.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis de-
tected by a simple, graphical test. BMJ 1997;315:629-34.

Olivennes F, Rufat P, André B, Pourade A, Quiros MC, Frydman R. The
increased risk of complication observed in singleton pregnancies resulting
from in-vitro fertilization (IVF) does not seem to be related to the IVF method
itself. Hum Reprod 1993;8:1297-300.

Verlaenen H, Cammu H, Derde MP, Amy JJ. Singleton pregnancy after
in vitro fertilization: expectations and outcome. Obstet Gynecol 1995;86:
906-10.

Wennerholm UB, Bergh C, Hamberger L, Nilsson L, Reismer E,
Wennergren M, et al. Obstetric and perinatal outcome of pregnancies
following intracytoplasmic sperm injection. Hum Reprod 1996;11:
1113-9.

Wennerholm UB, Hamberger L, Nilsson L, Wennergren M, Wikland M,
Bergh C. Obstetric and perinatal outcome of children conceived from cryo-
preserved embryos. Hum Reprod 1997;12:1819-25.

84

VOL. 105 NO. 1/JANUARY 2016


http://refhub.elsevier.com/S0015-0282(15)01924-X/sref1
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref1
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref1
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref2
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref2
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref2
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref2
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref2
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref2
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref3
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref3
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref3
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref4
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref4
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref4
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref4
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref5
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref5
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref6
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref6
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref6
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref7
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref7
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref7
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref8
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref8
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref9
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref9
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref9
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref9
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref9
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref10
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref10
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref10
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref11
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref11
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref11
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref12
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref12
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref13
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref13
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref13
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref13
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref14
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref14
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref14
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref15
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref15
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref15
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref15
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref15
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref16
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref16
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref16
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref16
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref17
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref17
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref17
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref18
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref18
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref18
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref19
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref19
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref19
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref20
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref20
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref20
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref20
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref21
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref21
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref21
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref21
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref22
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref22
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref22
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref22
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref23
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref23
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref23
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref23
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref24
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref24
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref24
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref25
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref25
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref25
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref26
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref26
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref26
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref27
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref27
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref27
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref27
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref28
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref28
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref28
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref28
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref29
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref29
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref29
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref31
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref31
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref32
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref32
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref33
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref33
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref34
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref34
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref35
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref35
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref35
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref35
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref35
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref36
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref36
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref36
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref37
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref37
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref37
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref37
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref38
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref38
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref38

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Reubinoff BE, Samueloff A, Ben-Haim M, Friedler S, Schenker JG, Lewin A. Is
the obstetric outcome of in vitro fertilized singleton gestations different from
natural ones? A controlled study. Fertil Steril 1997,67:1077-83.

Dhont M, De Neubourg F, Van der Elst J, De Sutter P. Perinatal outcome of
pregnancies after assisted reproduction: a case-control study. J Assist Re-
prod Genet 1997;14:575-80.

Westergaard HB, Johansen AM, Erb K, Andersen AN. Danish National In-
Vitro Fertilization Registry 1994 and 1995: a controlled study of births, mal-
formations and cytogenetic findings. Hum Reprod 1999;14:1896-902.
Dhont M, De Sutter P, Ruyssinck G, Martens G, Bekaert A. Perinatal outcome
of pregnancies after assisted reproduction: a case-control study. Am J Obstet
Gynecol 1999;181:688-95.

Koudstaal J, Braat DD, Bruinse HW, Naaktgeboren N, Vermeiden JP, Visser GH.
Obstetric outcome of singleton pregnancies after IVF: a matched control study
in four Dutch university hospitals. Hum Reprod 2000;15:1819-25.

Perri T, Chen R, Yoeli R, Merlob P, Orvieto R, Shalev Y, et al. Are singleton
assisted reproductive technology pregnancies at risk of prematurity? J Assist
Reprod Genet 2001;18:245-9.

Isaksson R, Gissler M, Tiitinen A. Obstetric outcome among women with un-
explained infertility after IVF: a matched case-control study. Hum Reprod
2002;17:1755-61.

Koivurova S, Hartikainen AL, Gissler M, Hemminki E, Sovio U, Jarvelin MR.
Neonatal outcome and congenital malformations in children born after in-
vitro fertilization. Hum Reprod 2002;17:1391-8.

Wang JX, Norman RJ, Kristiansson P. The effect of various infertility treat-
ments on the risk of preterm birth. Hum Reprod 2002;17:945-9.

Hansen M, Kurinczuk JJ, Bower C, Webb S. The risk of major birth defects
after intracytoplasmic sperm injection and in vitro fertilization. N Engl J
Med 2002;346:725-30.

Place I, Englert Y. A prospective longitudinal study of the physical, psycho-
motor, and intellectual development of singleton children up to 5 years
who were conceived by intracytoplasmic sperm injection compared with
children conceived spontaneously and by in vitro fertilization. Fertil Steril
2003;80:1388-97.

Ochsenkihn R, Strowitzki T, Gurtner M, Strauss A, Schulze A, Hepp H, et al.
Pregnancy complications, obstetric risks, and neonatal outcome in singleton
and twin pregnancies after GIFT and IVF. Arch Gynecol Obstet 2003;268:
256-61.

Katalinic A, Rosch C, Ludwig M, German ICSI Follow-Up Study Group. Preg-
nancy course and outcome after intracytoplasmic sperm injection: a
controlled, prospective cohort study. Fertil Steril 2004;81:1604-16.

Li FL, Wu WL, Zou SH, Wu RY, Song DP. Neonatal outcomes of children born
after in vitro fertilization-embryo transfer. Chin J Birth Health Hered 2005;
13:83-5.

Klemetti R, Gissler M, Sevdn T, Koivurova S, Ritvanen A, Hemminki E. Chil-
dren born after assisted fertilization have an increased rate of major congen-
ital anomalies. Fertil Steril 2005;84:1300-7.

Olson CK, Keppler-Noreuil KM, Romitti PA, Budelier WT, Ryan G, Sparks AE,
etal. In vitro fertilization is associated with an increase in major birth defects.
Fertil Steril 2005;84:1308-15.

Bonduelle M, Wennerholm UB, Loft A, Tarlatzis BC, Peters C, Henriet S, et al.
A multi-centre cohort study of the physical health of 5-year-old children
conceived after intracytoplasmic sperm injection, in vitro fertilization and
natural conception. Hum Reprod 2005;20:413-9.

Agarwal P, Loh SK, Lim SB, Sriram B, Daniel ML, Yeo SH, et al. Two-year neu-
rodevelopmental outcome in children conceived by intracytoplasmic sperm
injection: prospective cohort study. BJOG 2005;112:1376-83.

Ombelet W, Peeraer K, De Sutter P, Gerris J, Bosmans E, Martens G, et al.
Perinatal outcome of ICSI pregnancies compared with a matched group of
natural conception pregnancies in Flanders (Belgium): a cohort study. Re-
prod Biomed Online 2005;11:244-53.

Kapiteijn K, de Bruijn CS, de Boer E, de Craen AJ, Burger CW, van
Leeuwen FE, et al. Does subfertility explain the risk of poor perinatal
outcome after IVF and ovarian hyperstimulation? Hum Reprod 2006;21:
3228-34.

Romundstad LB, Romundstad PR, Sunde A, von Diring V, Skjaerven R,
Vatten LJ. Increased risk of placenta previa in pregnancies following IVF/

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Fertility and Sterility®

ICSI; a comparison of ART and non-ART pregnancies in the same mother.
Hum Reprod 2006;21:2353-8.

Buckett WM, Chian RC, Holzer H, Dean N, Usher R, Tan SL. Obstetric out-
comes and congenital abnormalities after in vitro maturation, in vitro fertil-
ization, and intracytoplasmic sperm injection. Obstet Gynecol 2007;110:
885-91.

Poikkeus P, Gissler M, Unkila-Kallio L, Hyden-Granskog C, Tiitinen A. Obstet-
ric and neonatal outcome after single embryo transfer. Hum Reprod 2007
22:1073-9.

Schieve LA, Cohen B, Nannini A, Ferre C, Reynolds MA, Zhang Z, et al. A
population- based study of maternal and perinatal outcomes associated
with assisted reproductive technology in Massachusetts. Matern Child
Health J 2007;11:517-25.

Palermo GD, Neri QV, Takeuchi T, Squires J, Moy F, Rosenwaks Z. Genetic
and epigenetic characteristics of ICSI children. Reprod Biomed Online
2008;17:820-33.

Apantaku O, Chandrasekaran I, Bentick B. Obstetric outcome of singleton
pregnancies achieved with in vitro fertilisation and intracytoplasmic sper-
minjection: experience from a district general hospital. J Obstet Gynaecol
2008;28:398-402.

Pinborg A, Loft A, Aaris Henningsen AK, Rasmussen S, Andersen AN. In-
fant outcome of 957 singletons born after frozen embryo replacement:
the Danish National Cohort Study 1995-2006. Fertil Steril 2010;94:
1320-7.

Healy DL, Breheny S, Halliday J, Jaques A, Rushford D, Garrett C, et al. Prev-
alence and risk factors for obstetric haemorrhage in 6730 singleton births
after assisted reproductive technology in Victoria Australia. Hum Reprod
2010;25:265-74.

Pelkonen S, Koivunen R, Gissler M, Nuojua-Huttunen S, Suikkari AM, Hy-
dén-Granskog C, et al. Perinatal outcome of children born after frozen
and fresh embryo transfer: the Finnish cohort study 1995-2006. Hum Re-
prod 2010;25:914-23.

Henningsen AK, Pinborg A, Lidegaard @, Vestergaard C, Forman JL,
Andersen AN. Perinatal outcome of singleton siblings born after assisted
reproductive technology and spontaneous conception: Danish national
sibling-cohort study. Fertil Steril 2011;95:959-63.

Zeng MY, Hu LL. An analysis of pregnancy outcomes among 52 singletons
born after assisted reproductive technology. Chin Foreign Med Res 2011;9:
121-2.

McGovern PG, Llorens AJ, Skurnick JH, Weiss G, Goldsmith LT. Increased risk
of preterm birth in singleton pregnancies resulting from in vitro fertilization-
embryo transfer or gamete intrafallopian transfer: a meta-analysis. Fertil
Steril 2004,82:1514-20.

Tavaniotou A, Albano C, Smitz J, Devroey P. Impact of ovarian stimulation on
corpus luteum function and embryonic implantation. J Reprod Immunol
2002;55:123-30.

Johnson MR, Riddle AF, Grudzinskas JG, Sharma V, Collins WP,
Nicolaides KH. Reduced circulating placental protein concentrations during
the first trimester are associated with preterm labour and low birth weight.
Hum Reprod 1993;8:1942-7.

Haning RV Jr, Goldsmith LT, Seifer DB, Wheeler C, Frishman G, Sarmento J,
et al. Relaxin secretion in in vitro fertilization pregnancies. Am J Obstet Gy-
necol 1996;174:233-40.

Jaques AM, Amor DJ, Baker HW, Healy DL, Ukoumunne OC, Breheny S,
et al. Adverse obstetric and perinatal outcomes in subfertile women
conceiving without assisted reproductive technologies. Fertil Steril 2010;
94:2674-9.

Basso O, Baird DD. Infertility and preterm delivery, birthweight, and
Caesarean section: a study within the Danish National Birth Cohort. Hum
Reprod 2003;18:2478-84.

Thomson F, Shanbhag S, Templeton A, Bhattacharya S. Obstetric outcome
in women with subfertility. BJOG 2005;112:632-7.

Zhu JL, Obel C, Hammer Bech B, Olsen J, Basso O. Infertility, infertility treat-
ment, and fetal growth restriction. Obstet Gynecol 2007;110:1326-34.
Zhu JL, Basso O, Obel C, Bille C, Olsen J. Infertility, infertility treatment,
and congenital malformations: Danish national birth cohort. BMJ 2006;
333:679.

VOL. 105 NO. 1/JANUARY 2016

85


http://refhub.elsevier.com/S0015-0282(15)01924-X/sref39
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref39
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref39
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref40
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref40
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref40
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref41
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref41
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref41
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref42
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref42
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref42
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref43
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref43
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref43
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref44
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref44
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref44
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref45
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref45
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref45
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref46
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref46
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref46
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref46
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref47
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref47
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref48
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref48
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref48
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref49
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref49
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref49
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref49
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref49
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref50
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref50
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref50
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref50
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref50
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref51
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref51
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref51
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref51
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref52
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref52
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref52
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref53
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref53
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref53
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref53
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref54
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref54
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref54
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref55
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref55
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref55
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref55
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref56
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref56
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref56
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref57
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref57
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref57
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref57
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref58
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref58
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref58
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref58
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref59
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref59
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref59
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref59
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref59
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref60
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref60
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref60
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref60
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref61
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref61
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref61
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref62
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref62
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref62
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref62
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref63
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref63
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref63
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref64
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref64
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref64
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref64
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref65
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref65
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref65
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref65
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref66
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref66
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref66
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref66
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref67
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref67
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref67
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref67
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref67
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref68
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref68
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref68
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref68
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref68
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref69
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref69
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref69
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref70
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref70
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref70
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref70
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref71
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref71
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref71
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref72
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref72
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref72
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref72
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref73
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref73
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref73
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref74
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref74
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref74
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref74
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref75
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref75
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref75
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref76
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref76
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref77
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref77
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref78
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref78
http://refhub.elsevier.com/S0015-0282(15)01924-X/sref78

19°68

NOILDONAO¥dId dILSISSY FTDILYV T¥NIDIMO

910Z AYVNNVI/ L "ON S0l TTOA

SUPPLEMENTAL TABLE 1

Subgroup analysis for pregnancy-related complications.

Subgroup variable

Whether the confounding
factors were adjusted
or matched

Adjusted and/or matched

Crude

Study design

Retrospective cohort
studies

Prospective cohort
studies

Geographic region

Asia

Europe

Oceania

North America
Sample source

Population-based studies

Clinic-based studies

Sample size

<500

Pregnancy-induced
hypertension (n = 13)
1.30(1.04-1.62)

x? = 57.97, P<.00001;
P =79%

TSD: x* = 0.49, P= 48; > =
0%

1.20(0.79-1.81) (n = 8)

Y% = 26.58, P=.0004; * =
74%

1.41 (1.17-1.70) (n = 5)

x> =10.22, P=.04; > =
61%

TSD: 2 = 2.65, P=.10; I* =
62.3%

1.07 (0.75-1.53) (n = 8)

¥’ = 19.90, P=.006; > =
65%

1.49 (1.24-1.80) (n = 5)

x> =10.27, P=.04; > =
61%

TSD: x? = 0.23, P=.89; I* =
0%

1.32 (0.78-2.24) (n = 5)

x> = 16.75, P=.002; > =
76%

1.36 (1.11-1.68) (n = 7)

x> = 15.08, P=.02; > =
60%

Not applicable

N

o

o

1.50 (1.04-2.16) (n = 1)

Not apzplicable

TSD: x* = 0.06, P=.80; I* =
0%

1.35(0.92-1.98) (n = 5)

x?2 =42.39, P<.00001; P =
91%

1.34 (1.23-1.47) (n = 8)

x2=9.77, P=.20; > = 28%

TSD: x2 =0.35, P=.84; > =
0%

1.31 (0.69-2.49) (n = 5)

x2=17.85,P=.10; > =49%

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.

Gestational diabetes
mellitus (n = 9)
1.31(1.13-1.53)

x? = 8.53, P=.38;

P =6%

TSD: x2 =0.75, P=39; =
0%

1.20 (0.93-1.55) (n = 5)
x> =5.25, P=26; > = 24%

1.38 (1.

Y2 = 2.

TSD: 2 =0.01, P=.94; * =
0%

1.32 (1.08-61) (n = 7)

x> =6.41, P= 38 P =6%

1.30 (1.03-1.66) (n = 2)
x> =2.12,P=.15; P =53%

TSD: x? = 0.36, P=.84; | =
0%

1.36 (1.05-1.77) (n = 4)

x> =330, P= 35 =9%

1.25(1.01-1.56) (n = 4)
x> =4.87,P=.18; > =38%

Not applicable

1.40 (0.97-2.02) (n = 1)

Not apzplicable

TSD: x*> =0.62, P=43; * =
0%

1.27 (1.07-1.51) (n = 4)

x?=3.03,P=39,F=1%

1.47 (1.072.02) (n = 5)
x> =4.88, P=.30; > = 18%

TSD: x2 =4.09, P=.13; P =
51.1%

0.53 (0.19-1.44) (n = 3)

x> =041, P=.82; P =0%

Placenta previa (n = 12)
3.71 (2.67-5.16)
x? = 58.86, P<.00001;
P =81%

TSD: x? = 1.12, P=29; P =
11.1%

3.13(1.89-5.16) (n = 7)

x*> =40.87, P<.00001; * =
85%

453 (2.84-7.23)(n=5)

¥> = 14.22, P=.007; P =
72%

TSD: x% = 7.38, P=.007; I
=86.4%

3.14(2.19-4.50) (n = 9)

X% =44.74, P< .00001; * =
82%

6.36 (4.43-9.12) (n = 3)

x> =025, P=88 > =0%

TSD: x% = 44.39,
P<.00001; * = 93.2%

2.60 (2.17-3.10) (n = 5)

x> =74,P=11;P =46%

5.80 (4.78-7.03) (n = 5)
x> =029, P=99; ” =0%

2.27(1.82-2.83) (n = 1)
Not applicable

3.80 (1.60-9.02) (n = 1)

Not apzplicable

TSD: x*> =0.72, P=39; * =
0%

3.90 (2.77-5.48) (n = 8)

x% =53.58, P<.00001; * =
87%

2.01(0.66-6.15) (n = 4)

Y2 =4.51,P=.21;=33%

TSD: x2 =3.02, P=22; =
33.7%

3.09 (0.86-11.11) (n = 3)

x2=2.67,P=.26; > =25%

Placental abruption (n = 7)
1.83(1.49-2.24)
x? = 7.70, P=.26;
P =22%

TSD: x2 =0.10, P=.75; > =
0%

1.95 (1.19-3.21) (n = 4)
x> =7.12,P=.07; P =58%

1.90 (1.38-2.63) (n = 3)
x? =048, P=79; P = 0%

TSD: %2 =0.07, P=.78; > =
0%

1.79 (1.39-2.31) (n = 5)

x> =7.15,P=13; P = 44%

1.90 (1.36-2.66) (n = 2)
x> =047, P=49; P = 0%

TSD: 2 = 6.75, P=.08; I =

55.6%
1.21(0.79-1.85) (n = 1)
Not applicable

1.93 (1.40-2.66) (n = 4)
x> =094, P=81; P =0%

2.02(1.41-2.89) (n = 1)
Not applicable

3.80 (1.60-9.02) (n = 1)

Not apzplicable

TSD: x*> =0.52, P= 47; * =
0%

1,82 (1.48-2.23) (n = 6)

x2=7.18,P=.21; > =30%

5.00 (0.32-78.12) (n = 1)
Not applicable

TSD: x> =0.52, P=.47; * =
0%

5.00 (0.32-78.12) (n = 1)

Not applicable

Caesarean sections
(n = 28)
1.58 (1.48-1.70)
x? = 334.66, P<.00001;
P =92%

TSD: x% = 14.50, P=.0001;
P=931%

1.40 (1.27-1.54) (n = 17)
x? = 74.85, P<.00001;
P’ =79%
1.80 (1.65-1.96) (n = 11)
x? = 182.87, P<.00001;
?=95%
TSD: x% = 0.45, P=.50;
P =0%
1.56 (1.40-1.74) (n = 17)
x? = 192.50, P<.00001;
P =92%
1.63 (1.50-1.78) (n = 11)
x> = 122.19, P< .00001;
=92%
TSD: x2 =13.61, P=.003;
=77.9%
1.74 (1.17-2.58) (n = 5)
x?> =52.02, P<.00001; > =
92%
1.58 (1.45-1.72) (n = 16)
x? = 133.94, P< .00001; /?
=89%
1.75 (1.52-2.02) (n = 5)
x?> = 75.89, P<.00001; > =
95%
1.19 (1.01-1.40) (n = 2)
x> =4.08, P=.04; > =75%
TSD: % = 1.70, P=.19; > =
41.0%
1.53 (1.40-1.67) (n = 15)
x% = 292.78, P<.00001; /?
= 95%
1.68 (1.51-1.87) (n = 13)
x% = 40.50, P<.0001; /> =
70%
TSD: x2 =0.73, P=.70; > =
0%
1.52 (1.26-1.85) (n = 5)
x? =434, P= 36, > = 8%
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SUPPLEMENTAL TABLE 1

Continued.

Subgroup variable

500-2,000

>2,000

Quality score

High

Low

Whether patients who
achieved a pregnancy
with Ol and Ul were
included in the SC

group
Yes

No

Not stated

Type of ART

IVE

ICSI

IVF/ICSI

Pregnancy-induced
hypertension (n = 13)
1.30(1.04-1.62)

x? = 57.97, P<.00001;
P =79%

1.44 (1.01-2.05) (n = 2)
x> =0.04, P=.83; > = 0%

1.26 (0.97-1.65) (n = 6)

x> =49.42, P<.00001; P =
90%

TSD: % = 1.18, P=.28; > =
15.4%

1.17 (0.90-1.53) (n = 6)

x? =39.87, P<.00001; P =
87%

1.58 (0.99-2.52) (n = 7)

x> =13.69, P=.03; ” =
56%

TSD: x? = 3.60, P=.06; I =
72.2%

Not applicable

0.95 (0.63-1.45) (n = 4)

x> =12.12, P=.007; * =
75%

1.47 (1.25-1.74) (n = 9)

x> =13.88, P=.08; I* =
42%

TSD: x? = 2.58, P=.28; I> =
22.4%

1.12 (0.81-1.54) (n = 7)

x? =34.32, P<.00001; P =
83%

1.39 (1.27-1.53) (n = 4)

x> =3.30, P= .35, > = 9%

1.55 (1.22-1.98) (n = 6)
x> =10.30, P=.07; P =
51%

Gestational diabetes
mellitus (n = 9)
1.31 (1.13-1.53)

x? = 8.53, P=.38;

P =6%

1.14(0.78-1.66) (n = 2)
x>=1.55,P=21;#=35%

1.39 (1.17-1.64) (n = 4)
x> =249, P=48; = 0%

TSD: 2 =0.42, P=.52; * =
0%

1.22 (0.92-1.61) (n = 2)

x> =1.36,P=.24;” =26%

1.36(1.13-1.63) (n = 7)

Y2 =6.75,P=.34;P=11%

TSD: %2 = 1.60, P=.21; * =
37.6%

Not applicable

1.51 (1.16-1.95) (h = 2)
x? =0.30, P=58; = 0%

1.22 (1.01-1.48) (n = 7)
x> =6.63, P= .36, P = 9%

TSD: x% = 1.86, P=.40; * =
0%

1.07 (0.70-1.65) (n = 3)

x> =3.74, P=15; > = 46%

0.99 (0.61-1.61) (h=1)
Not applicable

1.32(1.13-1.54) (n = 7)
2 =479, P=57; P =0%

Placenta previa (n = 12)
3.71 (2.67-5.16)
x? = 58.86, P<.00001;
P =81%

0.50 (0.05-5.00) (n = 1)
Not applicable

3.90 (2.77-5.48) (n = 8)

x? =53.58, P<.00001; > =
87%

TSD: % = 0.40, P=53; > =
0%

3.48 (2.38-5.09) (n = 6)

¥’ =46.35, P<.00001; > =
89%

5.16 (3.42-7.77) (n = 6)

x> =7.66,P=.18; > =35%

TSD: %% = 25.04,
P<.00001; > = 96.0%

Not applicable

2.50 (2.18-2.87) (n = 4)
x> =4.83,P=.18; > =38%

5.63 (4.66-6.80) (n = 8)
x> =8.14, P=32; P =14%

TSD: % = 10.99, P=.004; *
=81.8%

2.49 (1.75-3.55) (n = 3)

x> =491, P=.09; ” =59%

6.56 (4.16-1.35) (n = 2)
x> =0.20, P=.66; > = 0%

4.04 (2.45-6.66) (n = 7)
x? =36.50, P<.00001; > =
84%

Placental abruption (n = 7)
1.83 (1.49-2.24)
x? = 7.70, P=.26;
P =22%

Not applicable

1.82 (1.48-2.23) (n = 6)
x>=7.18,P=.21;=30%

TSD: % = 0.70, P=.40; * =
0%

1.83 (1.31-2.55) (n = 4)

x> =6.59, P=.09; > = 54%

2.42 (1.22-4.80) (n = 3)
2 =041, P=81; P =0%

TSD: x> =0.18, P=.67; I =
0%

Not applicable

1.90 (1.12-3.23) (n = 3)
x> =6.57, P=.04; > =70%

1.93 (1.40-2.66) (n = 4)
x> =094, P=81; P =0%

TSD: % = 5.49, P=.06; I =

63.5%
1.21(0.79-1.85) (n = 1)
Not applicable

1.81 (1.26-2.60) (n = 1)
Not applicable

2.25 (1.67-3.04) (n = 5)
2 =221,P=70; P =0%

Note: ART = assisted reproductive technology; ICSI = intracytoplasmic sperm injection; Ol = ovulation induction; SC = spontaneously conceived; TSD = test for subgroup difference.

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.

Caesarean sections
(n = 28)
1.58 (1.48-1.70)
x? = 334.66, P<.00001;
P =92%

1.43 (1.03-2.00) (n = 5)

x* = 24.94, P<.0001; I =
84%

1.62 (1.50-1.74) (n = 18)

x? = 303.96, P<.00001; /
= 94%

TSD: x? = 1.73, P=.19; =
42.1%

1.54 (1.43-1.66) (n = 18)

x? = 302.34, P<.00001;
= 94%

1.75 (1.47-2.08) (n = 10)

x> =27.16, P=.001; P =
67%

TSD: % = 3.68, P=.16; I> =
45.7%

1.78 (1.49-2.12) (n = 4)

x?> =70.63, P<.00001; P =
96%

1.47 (1.33-1.62) (n = 11)

x> =92.60, P<.00001; * =
89%

1.60 (1.42-1.81) (n = 13)

x* = 115.96, P<.00001; /?
= 90%

TSD: x> =0.18, P=.92; 1> =
0%

1.55 (1.43-1.67) (n = 13)

x> =57.67, P<.00001; > =
79%

1.51(1.27-181) (n=7)

x? = 136.92, P<.00001;
= 96%

1.57 (1.47-1.67) (n = 20)

x? = 177.70, P<.00001;
=89%

®fuua1s pue Ayjiiay
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SUPPLEMENTAL TABLE 2

Subgroup analysis for adverse pregnancy outcomes.

Subgroup variable

Whether the
confounding
factors were
adjusted or
matched

Adjusted and/or
matched

Crude

Study design

Retrospective
cohort
studies

Prospective
cohort
studies

Geographic
region

Asia

Europe

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.

Preterm birth (n =

36)

1.71 (1.59-1.83)
x2 = 171.67,
P<.00001;

P = 80%

TSD: x? = 0.97,
P=.32;”=0%

1.64 (1.42-1.90) (n
=22)

x> =93.12,
P<.00001; * =
77%

1.78 (1.67-1.91) (n
= 14)

x?> = 55.36,
P<.00001; * =
77%

TSD: x% = 2.20,
P=14; P =
54.4%

1.60 (1.38-1.84) (n
= 20)

x> =98.82,
P<.00001; P =
81%

1.80 (1.68-1.91) (n
= 16)

x> = 45.37,
P<.00001; P =
67%

TSD: x? = 5.58,
P=.13; P =
46.2%

1.71 (1.29-2.26) (n

7)

XZ

=59%

(1.56-1.81) (n
=22)

x? = 82.33,
P<.00001; P =
74%

®© <l

1.6

14.63, P=.02;

Very preterm birth
(n = 25)
2.12 (1.73-2.59)
x? = 234.52,
P<.00001;

P = 90%

TSD: x% = 1.62,
P=.20; P’ =
38.4%

1.90 (1.43-2.52) (n
=15)

x? = 55.79,
P<.00001; /> =
75%

2.40 (1.92-2.98) (n
=10)

x> =82.94,
P<.00001; /* =
89%

TSD: x% = 1.72,
P=19; ? =
41.9%

1.87 (1.41-2.46) (n
=13)

x> =59.17,
P<.00001; > =
80%

2.39 (1.87-3.05) (n
=12)

x> =99.01,
P<.00001; P =
89%

TSD: x? = 16.22,
P=.001; > =
81.5%

1.36 (1.17-1.59) (n
=3)

x> =229, P=.32;
=13%

1.98 (1.53-2.56) (n
= 14)

x? = 123.26,
P<.00001; > =
89%

Low birth weight (n
= 36)

1.61 (1.49-1.75)
x2 = 175.76,
P<.00001; P =
80%

TSD: x% = 13.32,
P=.0003; > =
92.5%

1.40 (1.23-1.59) (n
= 24)

x* = 88.87,
P<.00001; > =
74%

1.87 (1.72-2.04) (n
=12)

x> = 48.36,
P<.00001; /> =
77%

TSD: x2 = 6.09,
P=.01; 2 =
83.6%

1.46 (1.26-1.69) (n
= 20)

x> = 84.24,
P<.00001; /> =
77%

1.80 (1.66-1.94) (n
=16)

x> = 49.96,
P<.0001; P =
70%

TSD: %> = 61.51,
P<.00001; /> =
95.1%

1.21(1.12-1.31) (n
=7)

x> = 6.25, P=.40;
= 4%

1.70 (1.56-1.85) (n
=23)

x> = 86.95,
P<.00001; /> =
75%

Very low birth weight
(n = 30)
2.12 (1.84-2.43)
x? = 88.63,
P<.00001;

P =67%

TSD: x% = 3.77,
P=.05; P =
73.5%

1.77 (1.34-2.34) (n
=19)

x* =56.87,
P<.00001; > =
68%

2.39(2.13-2.68) (n
=11)

¥’ = 18.40, P=.05;
P = 46%

TSD: %2 = 1.43,
P=23; P =
30.2%

1.87 (1.35-2.57) (n
=15)

¥’ = 56.51,
P<.00001; * =
75%

2.30(2.05-2.57) (n
=15)

x? = 23.30, P=.06;
P =40%

TSD: x% = 44.03,
P<.00001; P =
93.2%

1.33(1.11-1.58) (n
= 4)

x> =1.49, P=.68;
=0%

2.16 (1.88-2.48) (n
= 20)

x?>=37.72, P=.006;
P =50%

Small for gestational
age (n = 14)
1.35 (1.20-1.52)
x? = 72.20,
P<.00001;

P = 82%

TSD: x> = 8.85,
P=.003; P =
88.7%

1.20 (1.12-1.29) (n
=8)

x? = 8.24, P=31; I
=15%

1.50 (1.33-1.68) (n
=6)

x> =15.58, P=.008;
= 68%

TSD: x2 = 1.13,
P=.29; > =
11.8%

1.20 (1.08-1.32) (n
=8)

x> =11.70, P=11;
P =40%

1.41 (1.23-1.63) (n
=6)

x> = 40.46,
P<.00001; /> =
88%

TSD: x? = 15.42,
P=.0004; > =
87.0%

1.13 (1.02-1.26) (n
= 4)

x> =153, P=67;
=0%

1.52 (1.36-1.69) (n
=9)

x? =17.37, P=.03;
> = 54%

Perinatal mortality
(n = 22)
1.64 (1.41-1.90)
x? = 38.24,
P=.01; P = 45%

TSD: x% = 0.04,
P=.85; > = 0%

1.66 (1.24-2.23) (n
=13)

x? = 21.65, P=.04;
I* = 45%

1.61(1.35-1.92) (n
=9)

x> = 16.41, P=.04;
P =51%

TSD: x2 = 0.47,
P=.49; P = 0%

1.57 (1.33-1.86) (n
=12)

x> = 13.63, P=.25;
?=19%

1.73 (1.38-2.15) (n
=10)

x> =24.60, P=.003;
I’ =63%

TSD: x% = 7.22,
P=.07; P =
58.4%

1.21(0.92-1.59) (n
=3)

x> =0.80, P=.67;
=0%

1.75 (1.41-2.17) (n
= 14)

x> =29.37, P=.006;
> = 56%

Congenital
malformations
(n = 28)
1.37 (1.29-1.45)
x% = 45.43,
P=.01;

P =41%

TSD: %> = 5.17,
P=.02; =
80.7%

1.42 (1.30-1.56) (n

=23)

x% = 34.07, P=.05;
PP =35%

1.27 (1.22-1.33) (n
=5)

x> =3.83, P=.43;
=0%

TSD: x2 = 0.10,
P=.75; P = 0%

1.37 (1.28-1.47) (n
=15)

¥’ = 14.83, P=.39;
P =6%

1.36 (1.24-1.48) (n
=13)

x? = 28.49, P=.005;
P =58%

TSD: x% = 1.22,
P=75; = 0%

1.26 (0.94-1.68) (n
—4)

2 =1.11,P=77;
=0%

1.29 (1.24-1.34) (n
=16)

x> =21.57, P=.12;
P =30%
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SUPPLEMENTAL TABLE 2

Continued.

Subgroup variable

Oceania

North America

Sample source

Population-based

studies

Clinic-based
studies

Sample size

<500

500-2,000

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.

Preterm birth (n =
36)

1.71 (1.59-1.83)
x? = 171.67,
P<.00001;

P = 80%

1.75 (1.46-2.10) (n
=5)

x* =33.87,
P<.00001; /> =
88%

2.68 (2.08-3.44) (n
= 2)

x> =2.33,P=.13;
=57%

TSD: x? = 2.99,
P=08; > =
66.5%

1.64 (1.52-1.77) (n
=20)

x> = 116.33,
P<.00001; > =
84%

1.98 (1.62-2.41) (n
=16)

x> = 47.61,
P<.0001; > =
68%

TSD: x2 = 0.30,
P=.86; > = 0%

1.58 (0.95-2.65) (n
=9

x? = 25.06, P=.002;
P =68%

1.96 (1.10-3.48) (n
= 5)

x> =23.92,
P<.0001; P =
83%

Very preterm birth
(n = 25)
2.12 (1.73-2.59)
x2 = 234.52,
P<.00001;

P = 90%

2.80 (2.16-3.61) (n
= 4)

x? = 9.08, P=.03; I
=67%

2.06 (1.41-3.00) (n
= 4)

x> =3.82,P=.28 P
=21%

TSD: x% = 0.63,
P=.43; P = 0%

2.01 (1.57-2.57) (n
=16)

x> = 215.63,
P<.00001; > =
93%

2.36 (1.73-3.22) (n
=9

x> = 14.02, P=.08;
P =43%

TSD: x2 = 0.59,
P=74;F = 0%

2.31(0.72-7.42) (n
=3)

x> = 1.37, P=50; I
=0%

1.40 (0.45-4.38) (n
=3)

x> =8.92,P=.01; P
=78%

Low birth weight (n
= 36)

1.61 (1.49-1.75)
x2 = 175.76,
P<.00001; P =
80%

1.96 (1.80-2.14) (n
=3)

x? =0.94, P=63; I
=0%

1.73 (1.41-2.14) (n
=3)

x> =2.30,P=.32;
=13%

TSD: x% = 0.41,
P=.52; " =0%

1.63 (1.48-1.79) (n
= 20)

x? =133.12,
P<.00001; > =
86%

1.53 (1.27-1.83) (n
= 16)

x?=37.69, P=.001;
P =60%

TSD: x2 = 5.63,
P=.06; I =
64.5%

1.43 (1.05-1.96) (n
=7)

x> =6.69, P=.35; I
=10%

1.12 (0.79-1.59) (n
=6)

2 =12.21, P=.03;
P =59%

Very low birth weight
(n = 30)
2.12 (1.84-2.43)
x% = 88.63,
P<.00001;

P =67%

2.98(2.53-3.50) (n
=3)

x> =152, P=47;
= 0%

1.83 (1.16-2.89) (n
=3)

x> =2.65, P=.27;
=24%

TSD: x% = 0.04,
P=.85; ’ = 0%

2.16 (1.82-2.56) (n
=17)

x? = 76.65,
P<.00001; P =
79%

2.21(1.89-2.57) (n
=13)

x> = 11.96, P=45;

P =0%

TSD: x2 = 11.09,
P=.004; > =
82.0%

1.80 (0.95-3.42) (n
=6)

x> =4.17, P=53; P
=0%

0.62 (0.30-1.31) (n
=3)

x> =0.20, P=.91; P
=0%

Small for gestational
age (n = 14)
1.35(1.20-1.52)
x? = 72.20,
P<.00001;

P =82%

1.22 (1.11-1.34) (n
=1
Not applicable

Not applicable

TSD: x% = 1.15,
P=28; I> =
13.3%

1.31 (1.11-1.53) (n
= 8)

x? = 65.29,
P<.00001; > =
89%

1.49 (1.37-1.63) (n
=6)

x> =6.91, P=.23; I
=28%

TSD: x2 = 0.07,
P=.97; P = 0%

1.23 (0.56-2.70) (n
=2)

x> =0.10, P=.75; P
=0%

1.38 (0.94-2.04) (n
=3)

x> =5.44, P=.07;
=63%

Perinatal mortality
(n = 22)
1.64 (1.41-1.90)
x? = 38.24,
P=.01; P = 45%

1.85 (1.48-2.30) (n
— i)

x> =1.59, P=66; I
=0%

0.77 (0.18-3.29) (n
— 1)
Not applicable

TSD: x% = 0.39,
P=.53; " =0%

1.66 (1.41-1.95) (n
=15)

x% =33.48, P=.002;
P =58%

1.39(0.81-2.39) (n
=7)

x? = 4.55, P=.60; I
=0%

TSD: x% = 5.86,
P=.05; * =
65.9%

1.19 (0.36-3.90) (n
=3)

x> =0.12, P=94; P
=0%

0.54 (0.21-1.38) (n
=3)

x> = 0.40, P=.82;
=0%

Congenital
malformations
(n = 28)
1.37 (1.29-1.45)
x% = 45.43,
P=.01;

P =41%

1.44 (1.21-1.72) (n
=5)

x*>=18.17,P=.001;
P =78%

1.44 (1.08-1.92) (n
=3)

x> =0.68, P=71;
=0%

TSD: x* = 0.22,
P=64; > = 0%

1.32 (1.27-1.38) (n
=16)

2 =17.76, P=28;
P =16%

1.42 (1.13-1.78) (n
=12)

x2 =27.43, P=.004;
P =60%

TSD: x2 = 2.49,
P=29; P =
19.7%

1.28 (0.83-1.99) (n
=6)

x> =7.08, P=21;P
=29%

1.55 (1.32-1.82) (n
=15)

x> =0.26, P=.99;
=0%

®fuua1s pue Ayjiiay
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SUPPLEMENTAL TABLE 2

Continued.

Subgroup variable

>2,000

Quality score

High

Low

Whether patients
who achieved
a pregnancy
with Ol and Ul
were included
in the SC
group

Yes

No

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.

Preterm birth (n =
36)
1.71 (1.59-1.83)
x? = 171.67,
P<.00001;
P = 80%

1.71 (1.60-1.82) (n
=22)

x> =121.31,
P<.00001; > =
83%

TSD: x% = 1.20,
P=27; P =
16.4%

1.65 (1.54-1.77) (n
=22)

x> = 118.70,
P<.00001; /> =
82%

1.93 (1.47-2.53) (n
= 14)

x> = 45.51,
P<.0001; P =
71%

TSD: x% = 0.83,
P=.66; > = 0%

1.74 (1.41-2.13) (n
=4)

x> = 35.26,
P<.00001; /> =
91%

1.80 (1.56-2.09) (n
=12)

x> = 55.29,
P<.00001; /> =
80%

Very preterm birth
(n = 25)
2.12 (1.73-2.59)
X% = 234.52,
P<.00001;

P = 90%

2.19 (1.78-2.70) (n
=19)

¥> = 216.69,
P<.00001; * =
92%

TSD: x% = 0.12,
P=73; P =0%

2.10 (1.69-2.61) (n
=19)

x? = 225.84,
P<.00001; > =
92%

1.93 (1.33-2.79) (n
=6)

x> =5.10, P=.40;
=2%

TSD: x? = 3.53,
P=17; P =
43.3%

2.53(2.23-2.86) (n
=3)

Y2 =4.44,P=11;
=55%

2.28 (1.75-2.96) (n
=10)

x> = 41.98,
P<.00001; * =
79%

Low birth weight (n
= 36)

1.61 (1.49-1.75)
x? = 175.76,
P<.00001; P =
80%

1.69 (1.55-1.84) (n
=23)

x> = 142.07,
P<.00001; > =
85%

TSD: x2 = 0.44,
P=51; > =0%

1.63 (1.49-1.77) (n
=22)

x> = 139.85,
P<.00001; > =
85%

1.49 (1.16-1.91) (n
= 14)

x> = 35.63,
P=.0007; * =
64%

TSD: x? = 15.75,
P=.0004; > =
87.3%

1.95 (1.83-2.08) (n
= 4)

x> = 0.90, P=.82;
=0%

1.63 (1.36-1.96) (n
=12)

x> =73.17,
P<.00001; > =
85%

Very low birth weight
(n = 30)
2.12 (1.84-2.43)
x? = 88.63,
P<.00001;

P =67%

2.22 (1.93-2.55) (n
=21)

x> = 72.90,
P<.00001; > =
73%

TSD: x2 = 4.51,
P=.03; P =
77.8%

2.22 (1.92-2.58) (n
= 20)

x> = 78.36,
P<.00001; /> =
76%

1.44 (1.00-2.09) (n
=10)

x> =5.41, P=.80;
= 0%

TSD: % = 8.24,
P=.02; P =
75.7%

2.66 (2.33-3.02) (n
= 4)

x> =4.94, P=.18; P
=39%

2.15 (1.53-3.02) (n
=10)

x> = 39.06,
P<.0001; * =
77%

Small for gestational
age (n = 14)
1.35 (1.20-1.52)

1.35(1.19-1.54) (n
=9)

x? = 65.89,
P<.00001; * =
88%

TSD: x% = 1.17,
P=.28; > =
14.4%

1.30 (1.13-1.50) (n
=7)

x? = 63.30,
P<.00001; P =
91%

1.50 (1.25-1.80) (n
=7)

x> =8.90, P=.18;
=33%

TSD: % = 1.48,
P=.22; P =
32.3%

Not applicable

1.27 (1.09-1.47) (n
= 5)

x> = 10.60, P=.03;
P =62%

Perinatal mortality
(n = 22)
1.64 (1.41-1.90)
x? = 38.24,
P=.01; P = 45%

1.69 (1.45-1.97) (n
=16)

x? = 32.44, P=.006;
P =54%

TSD: x2 = 0.92,
P=.34; ? = 0%

1.61 (1.38-1.88) (n
=17)

x? =33.03, P=.007;
P =52%

2.19(1.20-3.99) (n
= 5))

x> =4.02, P=.40;
=1%

TSD: x* = 2.56,

P=.28; =
21.9%

1.76 (1.48-2.08) (n

= 4)
2-138,P=71;F
=0%
1.91 (1.43-2.55) (n
=8)
x> = 16.06, P=.02;
P =56%

Congenital
malformations
(n = 28)
1.37 (1.29-1.45)
x? = 45.43,
P=.01;
P=41%

1.35(1.27-1.44) (n
=17)
x> =33.81, P=.006;

P =53%

TSD: x% = 0.32,
P=.57; P =0%

1.37 (1.29-1.46) (n
=22)

x> =41.24, P=.005;
P =49%

1.22 (0.83-1.81) (n
=6)

x> = 4.05, P=.54; I
=0%

TSD: x% = 1.19,
P=.55; > = 0%

1.43 (1.24-1.64) (n
= 5)

x> =20.91,
P=.0003; > =
81%

1.31 (1.21-1.43) (n
=11)

x> =13.78, P=.18;
P =27%
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SUPPLEMENTAL TABLE 2

Continued.

Subgroup variable

Not stated

Type of ART

IVF

ICSI

IVF/ICSI

Qin. Poor outcomes in assisted pregnancies. Fertil Steril 2016.

Preterm birth (n =
36)

1.71 (1.59-1.83)
x? = 171.67,
P<.00001;

P = 80%

1.66 (1.50-1.84) (n
= 20)

¥’ = 79.09,
P<.00001; P =
76%

TSD: x% = 3.84,
P=.15; > =
47 9%

1.91 (1.68-2.18) (n
= 16)

x> = 75.65,
P<.00001; P =
80%

1.60 (1.43-1.80) (n
=10)

x> =25.81, P=.002;

P =65%

1.75 (1.63-1.89) (n
= 24)

¥ = 114.45,
P<.00001; * =
80%

Very preterm birth
(n = 25)
2.12 (1.73-2.59)
x? = 234.52,
P<.00001;

P = 90%

1.74 (1.20-2.52) (n
=12)

x> = 112.45,
P<.00001; > =
90%

TSD: x% = 1.83,
P=.40; * = 0%

2.18 (1.69-2.82) (n
=11)

Y = 44.44,
P<.00001; > =
77%

1.85 (1.46-2.35) (n
=7)

x> = 11.88, P=.06;

P’ =50%

2.28 (1.88-2.77) (n
=17)

x> = 129.59,
P<.00001; /> =
88%

Low birth weight (n
= 36)

1.61 (1.49-1.75)
x? = 175.76,
P<.00001; P =
80%

1.53 (1.37-1.70) (n
= 20)

x> =71.58,
P<.00001; P =
73%

TSD: x2 = 0.66,
P=.72; ” = 0%

1.65 (1.42-1.91) (n
=19)

x> = 126.39,
P<.00001; P =
86%

1.63 (1.44-1.84) (n
=11)

X2 =24.92, P=.006;

P =60%

1.72 (1.59-1.87) (n
= 20)

x> =75.10,
P<.00001; /> =
75%

Very low birth weight
(n = 30)
2.12 (1.84-2.43)
x? = 88.63,
P<.00001;

P =67%

1.86 (1.55-2.25) (n
=16)

x> =31.57, P=.007;
P =52%

TSD: %2 = 3.01,
P=122; P =
33.6%

2.28 (1.75-2.96) (n
=14)

x> =51.79,
P<.00001; > =
675%

1.91 (1.66-2.19) (n
=10)

x> = 13.02, P=.16;
P =31%

2.27 (1.98-2.61) (n
=18)

¥> =42.32,
P=.0006; > =
60%

Small for gestational
age (n = 14)
1.35(1.20-1.52)
x? = 72.20,
P<.00001;

P = 82%

1.42 (1.27-1.60) (n
=9)

x> =21.16, P=.007;
P =62%

TSD: x% = 0.26,
P=.88; > = 0%

1.39 (1.19-1.64) (n
=9)

x> =30.02,
P=.0002; > =
73%

1.31 (1.18-1.46) (n
=3)

x> =3.45, P=.18;
=42%

1.40 (1.23-1.60) (n
=8)

x> =41.81,
P<.00001; > =
83%

Perinatal mortality
(n = 22)
1.64 (1.41-1.90)
x? = 38.24,
P=.01; P = 45%

1.45 (1.31-1.60) (n

=10)

x> = 14.40, P=11;
> =38%

TSD: x2 = 1.32,
P=.52; > = 0%

1.91 (1.35-2.72) (n
=9)

x? =23.64, P=.003;
I’ = 66%

1.51(1.18-1.93) (n
= 4)

x> =1.92, P=.59;
=0%

1.72 (1.44-2.05) (n
= 15)

x> =31.42, P=.005;
> = 55%

Congenital
malformations
(n = 28)
1.37 (1.29-1.45)
x? = 45.43,
P=.01;

P =41%

1.32 (1.24-1.39) (n
=12)

x> = 10.73, P=47;
P =0%

TSD: x2 = 1.37,
P=51;”=0%

1.32 (1.22-1.42) (n
=16)

x> =27.13, P=.03;
P =45%

1.41 (1.30-1.52) (n
=12)
x> = 19.24, P=.06;

P =43%

1.36 (1.27-1.46) (n
=18)

x? = 33.03, P=.01;
P =49%
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