
ences versus expectations.8 10 As self assessments
continue to play a central role in the measurement of
health outcomes, including vignettes in national
surveys and clinical research can improve the use of
self reports by confronting important problems of
interpersonal comparability.
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Perinatal outcome of singletons and twins after assisted
conception: a systematic review of controlled studies
Frans M Helmerhorst, Denise A M Perquin, Diane Donker, Marc J N C Keirse

Abstract
Objective To compare the perinatal outcome of
singleton and twin pregnancies between natural and
assisted conceptions.
Design Systematic review of controlled studies
published 1985-2002.
Studies reviewed 25 studies were included of which
17 had matched and 8 had non-matched controls.
Main outcome measures Very preterm birth, preterm
birth, very low birth weight, low birth weight, small for
gestational age, caesarean section, admission to
neonatal intensive care unit, and perinatal mortality.
Results For singletons, studies with matched controls
indicated a relative risk of 3.27 (95% confidence
interval 2.03 to 5.28) for very preterm ( < 32 weeks)
and 2.04 (1.80 to 2.32) for preterm ( < 37 weeks) birth
in pregnancies after assisted conception. Relative risks
were 3.00 (2.07 to 4.36) for very low birth weight
( < 1500 g), 1.70 (1.50 to 1.92) for low birth weight
( < 2500 g), 1.40 (1.15 to 1.71) for small for gestational
age, 1.54 (1.44 to 1.66) for caesarean section, 1.27
(1.16 to 1.40) for admission to a neonatal intensive
care unit, and 1.68 (1.11 to 2.55) for perinatal
mortality. Results of the non-matched studies were
similar. In matched studies of twin gestations, relative
risks were 0.95 (0.78 to 1.15) for very preterm birth,
1.07 (1.02 to 1.13) for preterm birth, 0.89 (0.74 to
1.07) for very low birth weight, 1.03 (0.99 to 1.08) for
low birth weight, 1.27 (0.97 to 1.65) for small for
gestational age, 1.21 (1.11 to 1.32) for caesarean

section, 1.05 (1.01 to 1.09) for admission to a neonatal
intensive care unit, and 0.58 (0.44 to 0.77) for
perinatal mortality. The non-matched studies mostly
showed similar trends.
Conclusions Singleton pregnancies from assisted
reproduction have a significantly worse perinatal
outcome than non-assisted singleton pregnancies, but
this is less so for twin pregnancies. In twin
pregnancies, perinatal mortality is about 40% lower
after assisted compared with natural conception.

Introduction
There is a widespread belief that pregnancy outcome is
substantially worse after assisted than after natural
conception.1–3 The difference, however, relates pre-
dominantly to the higher frequency of multiple
pregnancies.3 The first indication that assisted single-
ton pregnancies may also have poorer outcomes
appeared in 1985,2 but it was not clear how much
related to assisted reproduction or to confounders,
such as maternal age and parity. Several matched
cohort studies have since confirmed these findings.1 4–8

Nine tables of detailed results and a list of excluded studies
can be found on bmj.com

This is the abridged version of an article that was posted on
bmj.com on 23 January 2004: http://bmj.com/cgi/doi/10.1136/
bmj.37957.560278.EE
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Some studies found an opposite trend,9 10 while most
reported differences that were compatible with chance.
Moreover, for twin pregnancies the general consensus,
with few exceptions,11–13 seems to be that assisted twin
pregnancies have outcomes that are either similar to or
slightly better than those conceived naturally.1 9 14–17

We identified all published studies on birth
outcomes after assisted conception that distinguished
singleton from multiple pregnancies and that incorpo-
rated an appropriate control group from the same
population. We examined whether there are genuine
differences in outcome between assisted and natural

conceptions and whether they apply to both singleton
and twin pregnancies.

Methods
We searched Medline, Embase, LILACS, and POP-
LINE for 1985-2002. This search was supplemented
with the references of the articles, review articles, and
theses.

We selected reports with categorical data on any of
the following outcomes: gestational age and weight at
birth, caesarean section, perinatal death, and admission
to neonatal intensive care. Studies without a control
group of natural conceptions or that did not
distinguish singleton from multiple pregnancies were
excluded.

International definitions were followed for preterm
( < 37 weeks), very preterm ( < 32 weeks), low birth
weight ( < 2500 g), very low birth weight ( < 1500 g),
small for gestational age (birth weight < 10th centile for
gestation), and perinatal mortality (stillbirths and deaths
in first week ≥ 500 g per 1000 total births ≥ 500 g). We
used Review Manager (Update Software, Oxford) to
calculate relative risks.

Results
Included studies are listed and described in tables A
and B on www.bmj.com. Seventeen (14 matched and
three non-matched) dealt with singleton pregnancies
and 17 (10 matched and seven non-matched) with twin
pregnancies.

Table 1 summarises relative risks of the outcomes in
singleton and twin pregnancies after assisted and
natural conception. Analyses from individual studies for
perinatal mortality are given in table 2. Analyses from
individual studies for all other outcomes are given in
web tables (see www.bmj.com). The website also lists the
excluded studies with reasons for exclusion.

Preterm birth
Very preterm singletons ( < 32 weeks) were reported in
only three studies with a prevalence of 1.3-2.1% in
assisted conceptions and 0.3-2.9% in natural concep-
tions, a relative risk of 3.27 (95% confidence interval
2.03 to 5.28) (see the full version of this paper on
bmj.com).1 9 19 Mildly preterm singletons (32-36 weeks)
accounted for 6.5-9.2% and 3.8-7.6%, respectively,
(2.05, 1.71 to 2.47) (see web table C).1 9 19 Preterm
singletons ( < 37 weeks) accounted for 5.8-15% and
1.4-10.5%, respectively (see bmj.com). The relative risk
in both the 12 matched1 4–10 12 19 21 22 and two non-
matched23 25 studies showed a doubling of the risk of
preterm birth after assisted conception.

Very preterm twins were reported in three matched
studies1 9 19 (see bmj.com) and two non-matched17 26

studies. After we excluded one study that reported live
infants only,19 the frequency range was 7.0-10.5% in
assisted conceptions and 4.9-10.7% in natural concep-
tions and was not statistically different (see web table
D). Mildly preterm twins accounted for 41.7-45.2% of
cases and 33.0-40.5% of controls in the matched stud-
ies (1.07, 1.00 to 1.14).1 9 19 Preterm twins differed
widely in frequency from 18.8-60.0% and 20.0-52.4%,
respectively. The relative risk was 1.07 (1.02 to 1.13) in
the nine matched studies1 4 9–13 19 22 (see bmj.com) and

Table 1 Summary of risk of various outcomes in singleton and twin pregnancies after
assisted conception compared with those conceived naturally. Figures are relative risk
(95% confidence intervals)

Outcome

Singleton births Twin births

Matched
studies

Non-matched
studies

Matched
studies

Non-matched
studies

Gestational age (weeks):

<32 3.27 (2.03 to 5.28) Not tested 0.95 (0.78 to 1.15) 1.20 (0.82 to 1.78)

32-36 2.05 (1.71 to 2.47) Not tested 1.07 (1.00 to 1.14) 0.88 (0.66 to 1.17)

>37 2.04 (1.80 to 2.32) 1.94 (1.31 to 2.88) 1.07 (1.02 to 1.13) 0.99 (0.80 to 1.23)

Birth weight (g):

<1500 3.00 (2.07 to 4.36) 1.57 (0.21 to 11.7) 0.89 (0.74 to 1.07) 1.46 (1.01 to 2.11)

1500-2499 1.54 (1.30 to 1.82) 3.28 (2.04 to 5.27) 1.02 (0.97 to 1.08) 1.05 (0.96 to 1.15)

>2500 1.70 (1.50 to 1.92) 2.58 (1.80 to 3.68) 1.03 (0.99 to 1.08) 1.12 (1.06 to 1.19)

Small for
gestational age

1.40 (1.15 to 1.71) 1.46 (0.98 to 2.15) 1.27 (0.97 to 1.65) 0.93 (0.73 to 1.18)

Caesarean section 1.54 (1.44 to 1.66) 2.33 (1.95 to 2.79) 1.21 (1.11 to 1.32) 1.17 (1.06 to 1.29)

Neonatal intensive
care unit

1.27 (1.16 to 1.40) 1.38 (0.67 to 2.86) 1.05 (1.01 to 1.09) 1.26 (1.16 to 1.36)

Perinatal mortality 1.68 (1.11 to 2.55) 3.77 (1.15 to 12.4) 0.58 (0.44 to 0.77) 0.84 (0.53 to 1.32)

Table 2 Perinatal mortality in singleton and twin pregnancies after assisted conception
compared with natural conception

Study No (%) assisted No (%) natural Relative risk (95% CI)

Singletons

Matched singleton studies:

Dhont et al1* 41/3048 (13.5) 18/3048 (5.9) 2.28 (1.31 to 3.96)*

Dhont et al9 2/311 (6.4) 10/622 (16.1) 0.40 (0.09 to 1.81)

Isaksson et al10 1/69 (14.5) 5/345 (14.5) 1.00 (0.12 to 8.43)

Koudstaal et al8 3/307 (9.8) 1/307 (3.3) 3.00 (0.31 to 28.7)

Nuojua et al21 1/92 (10.9) 2/276 (7.2) 1.50 (0.14 to 16.4)

Reubinoff et al7 2/260 (7.7) 1/260 (3.8) 2.00 (0.18 to 21.9)

Tanbo et al5 4/355 (11.3) 6/643 (9.3) 1.21 (0.34 to 4.25)

Verlaenen et al6 3/140 (21.4) 2/140 (14.3) 1.50 (0.25 to 8.84)

Total 57/4582 (12.4) 45/5641 (8.0) 1.68 (1.11 to 2.55)

Non-matched singleton studies:

Olivennes et al25† 3/162 (18.5) 25/5096 (4.9) 3.77 (1.15 to 12.4)

Twins

Matched twin studies:

Dhont et al1* 61/2482 (24.6) 82/2482 (33.0) 0.74 (0.54 to 1.03)*

Dhont et al9 0/230 6/230 (26.1) 0.08 (0.00 to 1.36)

Fitzsimmons et al16 4/112 (35.7) 48/216 (222.2) 0.16 (0.06 to 0.43)

Isaksson et al10 0/40 6/200 (30.0) 0.38 (0.02 to 6.56)

Koudstaal et al13 3/192 (15.6) 1/192 (5.2) 3.00 (0.31 to 28.6)

Tallo et al12 4/72 (55.6) 4/72 (55.6) 1.00 (0.26 to 3.85)

Total 72/3128 (23.0) 147/3392 (43.3) 0.58 (0.44 to 0.77)

Non-matched twin studies:

Agustsson et al14 2/138 (14.5) 16/906 (17.6) 0.82 (0.19 to 3.53)

Lambalk et al28 18/1158 (15.5) 16/884 (18.1) 0.86 (0.44 to 1.67)

Olivennes et al17 10/144 (69.4) 28/328 (85.4) 0.81 (0.41 to 1.63)

Total 30/1440 (20.8) 60/2118 (28.3) 0.84 (0.53 to 1.32)

*Early neonatal deaths in this paper are erroneously labelled as early fetal deaths, but they are included in
perinatal deaths.
†Two cases lost to follow up.
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0.99 (0.80 to 1.23) in the two non-matched studies (see
web table D).17 23

Birth weight
Singletons < 1500 g were reported for six matched
studies1 5 6 9 10 19 and one non-matched study.25 Fre-
quencies in the matched studies were 1.5-3.9% for
assisted conceptions and 0.3-2.7% for natural concep-
tions with a relative risk of 3.00 (2.07 to 4.36) (see web
table E). Singletons < 2500 g were more common
among cases than among controls in both matched
(n = 12)1 4–10 12 19 21 22 and non-matched (n = 2)23 25 stud-
ies. Percentages of low birth weight were 2.9-15.7% in
cases, 0-11.5% in matched controls, and 3.6-4.8% in
non-matched controls (see web table E).

Twins < 1500 g accounted for 5.0-25.0% of cases
and 3.8-10.4% of controls (omitting one study report-
ing live infants only).19 The relative risk was 0.89 (0.74
to 1.07) for the five matched1 9–11 19 and 1.46 (1.01 to
2.11) for the two non-matched studies (see web table
F).17 27 Twins < 2500 g accounted for 37.5-70.6% and
50.0-98.6% of cases versus 38.1-58.8% and 52.5-94.5%
of controls, with relative risks of 1.03 (0.99 to 1.08)
and 1.12 (1.06 to 1.19), respectively, in the eight
matched studies1 4 9–13 19 22 and the four non-matched
studies.17 23 26 27

Small for gestational age
The 12 studies that reported on infants who were small
for gestational age applied various reference charts.
The frequency in singleton cases and controls was 1.6-
16.3% versus 1.6-13.1% with a relative risk of 1.40 and
1.46, respectively, for the six matched4 6–8 12 20 and two
non-matched studies (see web table G).23 25 The four
matched4 11–13 and three non-matched17 23 26 twin studies
showed no significant difference between assisted and
natural conceptions.

Caesarean section
Rates of caesarean section were significantly higher after
assisted than after natural conception (see web table H).
The effect was more marked for singleton than for twin
pregnancies in both matched1 4–8 10 11 13 18 20 21 and non-
matched studies.14 17 24–27

NICU admissions
Admissions to neonatal intensive care were more
common after assisted conception in both matched
and non-matched studies, and the difference was
larger for singletons1 5–7 9 10 19 21 23 than for twins (see
web table I).1 9–11 14 19 23 26 27

Perinatal mortality
Perinatal mortality differed widely among studies
(table 2). In singleton pregnancies it was significantly
higher after assisted than after natural conception in
both matched and non-matched studies. All of the dif-
ference in the matched studies was accounted for by
the study of Dhont et al in 1999, which contributed
67% of the cases.1 Without this study mortality was 10.4
per 1000 for both cases and controls.

Matched twin studies were also dominated by the
same study, which contributed 78% of the cases,1 and by
another with an extraordinarily high mortality among
controls.16 However, most twin studies showed a lower
mortality after assisted than after natural conception,
with a relative risk of 0.58 (0.44 to 0.77) for matched and
0.84 (0.53 to 1.32) for non-matched studies (table 2).

Discussion
Bias and confounding
Though assisted conception has had many successes, it
seems that resulting singleton pregnancies have a
worse outcome at birth compared with naturally
conceived singleton pregnancies. Women with assisted
pregnancies differ from other women in many charac-
teristics that influence outcome, including age, parity,
and socioeconomic status,1 2 12 while subfertility itself
also contributes to the difference.29 We therefore
subdivided studies into those with matched and those
with non-matched, population specific controls and
placed greater emphasis on the former. These virtually
all matched for prominent confounders, such as age
and parity, but they varied widely in controlling for
other known confounders, such as socioeconomic
status, smoking, and pre-existing disease. Although
none controlled for all factors that might be important,
they are likely to estimate true differences between
assisted and natural conceptions better than the popu-
lation based studies.

Nevertheless, our study uncovered major limita-
tions of the matched cohort approach to differences in
perinatal outcome between assisted and natural
conceptions. Our summary results are largely domi-
nated by a matched cohort study from Flanders, which
contributed 54% of the cases in the singleton studies
and 68% in the twin studies.1 Its authors used three dif-
ferent control groups of singletons to match for
various combinations of characteristics.1 This led to
disparate comparison groups, with perinatal mortality,
for example, being 5.2 per 1000 in controls matched
for maternal age and infant sex and 12.1 per 1000 in
those matched also for parity and gestational age. The
validity of matching for gestational age is questionable
because gestational age is clearly influenced by assisted
conception and affects other outcomes, such as birth
weight and mortality. We therefore included only the
controls matched for maternal age, infant sex, and
parity. In another study, controls, but not cases,
included several twin to twin transfusions in babies
referred for special care.16 Similar degrees of arbitrari-
ness may have applied to other matched cohort studies
without being apparent from the data.

Risk factors
Despite these limitations it is clear that the rate of pre-
term birth in singleton pregnancies after assisted
reproduction is twice that seen with natural concep-
tions. This means that assisted reproduction is as much
of a predictor for preterm birth as history of preterm
birth.30 The effect was larger for very preterm than for
mildly preterm births and contributed to higher rates
of (very) low birth weight, admission to intensive care,
and perinatal death. There were also 40% more infants
who were small for gestational age after assisted
conception.

Differences between assisted and natural concep-
tions were all much smaller in twin pregnancies than in
singleton pregnancies, often with confidence intervals
that included unity. An added risk, such as assisted
conception, may have a marked impact on a low risk
singleton pregnancy, but only a small effect on the
heavily weighted balance of twin pregnancy. Assisted
twin pregnancies may actually start off with a relative
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advantage over singleton pregnancies. As these studies
were conducted when 85% of cycles of in vitro fertilisa-
tion entailed transfer of several embryos,3 31 most births
must have originated from the transfer of more than
one embryo. Development of two rather than one may
reflect an implantation advantage that accounts for the
smaller difference in outcome between assisted and
natural conceptions in twins than in singletons.

Conclusions and recommendations
Whatever the explanation, singletons from assisted
conception are significantly disadvantaged compared
with other singletons, but this is substantially less so for
twins. Women undergoing assisted reproduction
should be informed of the increased risks in singleton
pregnancies. With a twin pregnancy they may be rela-
tively advantaged compared with other twin gestations,
but this is poor consolation for the much greater risks
of twin pregnancy overall. Virtually all perinatal and
infant morbidity occurs more frequently in twins than
in singletons.3

Twenty five years after the birth of the first baby
conceived by in vitro fertilisation, our data draw atten-
tion to three challenges. Firstly, emphasis needs to
shift, more than it has already,3 31 from achieving preg-
nancy to achieving a successful outcome. Secondly, it
may be timely to consider any multiple pregnancy
after assisted conception as a failure of that
technology to achieve what it ought to achieve.
Thirdly, there is a need to narrow the gap in perinatal
outcome between assisted and other singleton
pregnancies. This may also enhance understanding of
how gestational age, fetal growth, and birth weight
interact with each other.
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What is already known on this topic

There is a widespread belief that pregnancy outcome is worse after
assisted than after natural conception

The worse outcome as been attributed to the higher frequency of
multiple pregnancies and by confounding

What this study adds

Compared with non-assisted singleton pregnancies, singleton
pregnancies from assisted conception have a significantly worse
perinatal outcome

This is less so for twin pregnancies

In twin pregnancies, perinatal mortality is about 40% lower after
assisted compared with natural conception

Results of the non-matched studies were similar
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