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BACKGROUND: The risk of birth defects in infants born following assisted reproductive technology (ART) treat-
ment is a controversial question. Most publications examining the prevalence of birth defects in ICSI and IVF
infants compared to spontaneously conceived infants have serious methodological limitations; despite this, most
researchers have concluded that there is no increased risk. METHODS: We carried out a systematic review to
identify all papers published by March 2003 with data relating to the prevalence of birth defects in infants con-
ceived following IVF and/or ICSI compared with spontaneously conceived infants. Independent expert reviewers
used criteria defined a priori to determine whether studies were suitable for inclusion in a meta-analysis. Fixed
effects meta-analysis was performed for all studies and reviewer-selected studies. RESULTS: Twenty-five studies
were identified for review. Two-thirds of these showed a 25% or greater increased risk of birth defects in ART
infants. The results of meta-analyses of the seven reviewer-selected studies and of all 25 studies suggest a statisti-
cally significant 30–40% increased risk of birth defects associated with ART. CONCLUSIONS: Pooled results
from all suitable published studies suggest that children born following ART are at increased risk of birth defects
compared with spontaneous conceptions. This information should be made available to couples seeking ART
treatment.
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Introduction

It is well established that infants conceived following in vitro

fertilization (IVF) and intracytoplasmic sperm injection

(ICSI) are more likely to be born preterm, of low birth

weight and to be a twin or higher order multiple than

spontaneously conceived infants (Beral and Doyle, 1990;

Helmerhorst et al., 2004; Jackson et al., 2004). The evidence

relating to the risk of birth defects is less clear.

The publication of our paper (Hansen et al., 2002) report-

ing a statistically significant 2-fold increased risk of major

birth defects in children conceived following IVF and ICSI in

Western Australia generated much discussion (Barlow, 2002;

Lambert, 2002; Mitchell, 2002; Schultz and Williams, 2002;

Winston and Hardy, 2002; Kovalevsky et al., 2003; Powell,

2003). Despite other reports of an increased risk of birth

defects following assisted reproductive technologies (ART),

most authors have been reassuring, often dismissing increased

risk estimates because they were not statistically significant

(Morin et al., 1989; Sutcliffe et al., 1995; Verlaenen et al.,

1995; Isaksson et al., 2002; Zadori et al., 2003).

In order to evaluate published data on birth defects and

ART systematically, we carried out an extensive literature

search to identify all papers with data relating to the preva-

lence of birth defects in infants conceived following IVF

and/or ICSI compared to spontaneously conceived infants.

Our aims were first, to summarize the results of each

study, and to independently identify those studies considered

to have used sound epidemiological methods; and second, to

calculate pooled estimates of the risk of birth defects, using

quantitative meta-analysis of methodologically sound studies,

and secondarily, of all studies. We have followed the

MOOSE guidelines (Stroup et al., 2000) for reporting meta-

analyses of observational studies.

Materials and methods

Literature search strategy

Using a broad combination of search terms (Table I), we performed

a computerized literature search of Medline, Embase and Current

Contents databases. Medline searches were restricted to literature

published from 1978 (since the first IVF child was born in that

year). Embase and Current Contents searches were limited to the

coverage years of these databases (Embase from 1988 and Current

Contents from 1993). The search strategy was written in Ovid, then
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saved and run in each database at the end of March 2003 (see

Table I). We also reviewed the reference lists of all identified

studies and review articles to search for additional references.

The criteria for inclusion in the review stage were kept broad so

that crude birth defect data were acceptable, as was an absence of

statistical analysis. Fifty-one papers were identified using the search

strategy. These were all reports of individual studies and did not

include any review papers.

We specifically searched for papers that compared birth defects

in IVF or ICSI infants and a spontaneously conceived comparison

group. Papers such as the large Belgian series (e.g. Bonduelle et al.,

2002) that assessed children born following one ART technique

compared to another were therefore not included, as were papers

that compared birth defect data for an ART group to data from birth

defect registries in other countries (e.g. Friedler et al., 1992). Also

not included were papers that reported comparisons based on a

single type of birth defect.

Exclusions

Where more than one paper dealt with essentially the same group of

infants, the paper with the more detailed birth defect information

was selected. Papers that included a larger group of ART infants

were selected in preference to those containing only a subset of the

same infants. Twenty-six of the 51 studies were excluded prior to

expert review for the reasons shown in Table II.

Papers in languages other than English were not excluded in the

search strategy; however, we found only one such paper with rel-

evant data (Berg et al., 2001), which in fact reported the same infor-

mation as an English language paper (Ericson and Kallen, 2001).

Independent assessment

Seven independent expert reviewers with postgraduate qualifications

in epidemiology reviewed the studies identified. The reviewers were

blinded to identifying information for each study, and were asked to

abstract information onto a standard data extraction sheet and to

complete a questionnaire relating to study methodology. These

forms (available from the authors on request) were based on those

used previously in a large Australian meta-analysis (English et al.,

1995). Six reviewers assessed between three and five papers, and

one reviewer assessed twelve.

Reviewers were asked to extract both crude and adjusted odds

ratio estimates from each study. Where an odds ratio estimate was

not provided, reviewers recorded the number of infants with and

without birth defects by method of conception. They also recorded

information about the study design, methods, birth defect definition

and adjustment for confounders. Finally, reviewers were asked

whether they thought the paper was of adequate quality to be

included in a meta-analysis. In making their decision, reviewers

were asked in particular to consider sample size; whether the same

method of assessment of birth defects had been used in exposed and

unexposed infants; whether the investigators were blinded to con-

ception status; whether the intensity of surveillance differed between

the groups; and whether data were matched or adjusted for potential

confounders in the analysis. We made the decision not to contact

study authors as we thought it more appropriate that the results of

our review were based on the available published information about

each study. This is the information on which practitioners have been

basing their advice to potential patients.

A subset of 11 randomly selected papers was reviewed by two

reviewers to allow assessment of inter-reviewer variation. All

reviewers extracted the same birth defect data from each paper;

Table I. Literature search strategy

All combinations of terms in the first column with terms in the second
column (e.g. IVF AND birth defect?a; IVF AND record linkage etc.)

IVF Birth defect?
In vitro fertili?ationb Congenital malformation?
In-vitro fertili?ation Congenital abnormalit$d

ICSI Hospital$e

Intracytoplasmic sperm injection Follow-up
Assisted reproduction Health and child
Assisted reproductive techn$c Record linkage
Infertility treatment?

a‘defect?’ will find defect or defects;
bfertili?ation will find fertilisation or fertilization;
c‘techn$’ will find technology, technologies, technique(s) etc.;

Table II. List of studies excluded from the systematic review (n ¼ 26)

Reason for exclusion Reference(s)

Overlapping data (Lambalk and Van Hooff, 2001) substantial overlap with (Anthony et al., 2002)
(Leslie et al., 1998) overlap with (Bowen et al., 1998)
(Bergh et al., 1999; Ericson et al., 2002; Stromberg et al., 2002;
Wennerholm et al., 1997, 1998, 2000) overlap with (Ericson and Kallen, 2001)
(Berg et al., 2001) same data as (Ericson and Kallen, 2001)
(Dhont et al., 1997) overlap with (Dhont et al., 1999)
(Sutcliffe et al., 1999) overlap with (Sutcliffe et al., 2001)
(Rizk et al., 1991) excerpt of (Beral and Doyle, 1990)
(Ludwig and Diedrich, 2002) data are excerpt of (Ludwig and Katalinic, 2002)
(Cadman et al., 1999) same data as (D’Souza et al., 1997)

Insufficient data to calculate an odds ratio estimate (Yeh et al., 1990; FIVNAT, 1995; Minakami et al., 1998;
Harrison et al., 1995; Cederblad et al., 1996; Chou et al., 2002;
Nuojua-Huttunen et al., 1999)

No birth defects found in either groupa (Lahat et al., 1999) (10 infants); (Ron-El et al., 1994) (32 infants);
(Brandes et al., 1992) (116 infants)

Inappropriate comparison group—included both spontaneously
conceived infants and those born to infertile patients following
fertility treatments other than IVF/ICSI.

(Petersen et al., 1995)

Total number of malformations reported rather than number of
children with malformations

(Saunders et al., 1996)

aIt is not possible to calculate an odds ratio estimate with zero cells, therefore these studies could not contribute to the meta-analysis—see formula for pooled
estimate in Materials and methods.
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however, some disagreement arose over the suitability of three

papers for inclusion in the meta-analysis. These papers were re-

assessed by a final independent arbiter, again blinded to study

authors. His decision was considered final.

Calculating a pooled estimate: meta-analysis

If effect measures were not reported in a paper, we calculated odds

ratios and their 95% confidence intervals from the raw data. Where

more than one odds ratio was available from a particular study (e.g.

an adjusted odds ratio estimate as well as a crude estimate), all of

these were extracted and used in relevant subgroup analyses (e.g. of

crude data only). However, for the main analysis involving all

studies, we used adjusted odds ratio estimates in preference to crude

estimates; estimates of major birth defect risk in preference to major

and minor defects combined; major and minor defects combined in

preference to minor defects only; estimates relating to all infants in

preference to singletons only; and singletons only in preference to

twins only.

Where a study provided a number of odds ratio estimates adjusted

for different factors, we used an a priori list of rules to determine

which odds ratio to include. For example, estimates adjusted for

maternal age and parity were used in preference to estimates also

adjusted for plurality, as we consider it inappropriate to adjust for

factors that may lie on the causal pathway (Rothman and Greenland,

1998). We also felt it was inappropriate to adjust for duration of

involuntary childlessness, as it is almost synonymous with exposure.

Where a study provided birth defect data for ICSI and IVF infants

separately compared to a single spontaneous conception comparison

group (e.g. Bowen et al., 1998; Hansen et al., 2002), the data were

pooled to form one odds ratio for ICSI þ IVF vs spontaneous con-

ception, to avoid double counting of the spontaneous conception

comparison group.

We used precision-based weighting and a fixed effects model to

obtain pooled estimates of the odds ratio (OR) for all studies, and

for those studies assessed by the independent reviewers to be suit-

able for inclusion in a meta-analysis (Kleinbaum et al., 1982).

The formula for the pooled estimate of the OR from N studies

using this method is:

OR ¼ exp

PN
i¼1 Wi lnðORiÞPN

i¼1 Wi

" #
where Wi ¼ 1=VarðlnðORiÞÞ

where Var(ln(OR)) was calculated from the published or calculated

confidence intervals.

A 95% confidence interval around the pooled estimate is given

by:

exp lnðORÞ2 1:96=
ffiffiffiffiffiffiffiffiffiffiffiffiffiX

Wi

q� �
; exp lnðORÞ þ 1:96=

ffiffiffiffiffiffiffiffiffiffiffiffiffiX
Wi

q� �� �

and a test for heterogeneity in the OR estimates across studies using

the chi-square statistic is given by:

x 2
N21 ¼

XN

i¼1

Wi lnðORiÞ2 lnðORÞ½ �2

which has N 2 1 degrees of freedom.

We chose to use a fixed effects model since random effects

models tend to give more importance to smaller studies within a set,

and smaller studies are more likely to suffer methodological limi-

tations (Elwood, 1998). However, where the results of studies used

to estimate a pooled estimate were significantly heterogenous

(P , 0.10), the pooled estimate from a random effects model is also

reported for comparison purposes. As birth defects are rare, we

assumed equivalence of the odds ratio and the relative risk.

Sensitivity analyses and publication bias

In order to investigate heterogeneity between studies, we plotted the

odds ratio estimate with its 95% confidence interval for each study,

together with the pooled estimate, in forest plots. We then examined

the effect on the pooled odds ratio estimate of excluding obvious

outliers. We also examined the relative weights attributed to differ-

ent studies. Recalculating a pooled estimate excluding studies with

high weight allowed us to determine how sensitive the combined

estimate was to any one study or group of studies.

Sub-group analyses were used to investigate differences in study

design and their effect on the pooled odds ratio estimate. For

example, studies that included adjusted or matched data were

included in one sub-group analysis, while studies that included only

crude unadjusted data were included in another. A funnel plot was

used to assess publication bias.

Number needed to harm

The number of patients needed to be treated for one additional

patient to be harmed (NNTH) refers to a method of converting the

odds ratio estimates derived from case-control and cohort studies

into a more intuitively understandable quantity (Bjerre and

LeLorier, 2000). It is an analogous concept to the more widely

known ‘number needed to treat’ (NNT) and ‘number needed to

harm’ (NNH) developed for randomized controlled trials. In the

context of this study, the NNTH relates to the number of children

that would need to be conceived by ART for one additional child to

be born with a birth defect. We have calculated the NNTH for a

range of baseline birth defect prevalences based on the pooled esti-

mates derived from this study.

The formula for calculating the NNTH is:

NNTH ¼ 1

ðOR 2 1ÞUER

where OR is the odds ratio provided by the case-control, cohort

study (or meta-analysis) and UER is the unexposed event rate (in

this case the baseline prevalence of birth defects in a given popu-

lation).

Results

Twenty-five papers with no data overlap were assessed by

external reviewers for possible inclusion in a meta-analysis.

Of the 25 studies reviewed, 18 originated from Europe, four

from Australia, two from the Middle East and one from the

United States. The earliest reviewed study was published in

1989 and the latest in 2003, with over half the studies pub-

lished in the last 4 years. The size of the ART group in each

study ranged from 32 to 9111 infants. Seventeen of 25 papers

(68%) had an ART group comprising ,500 infants. Most

studies included children conceived using standard IVF or a

mixture of standard IVF and ICSI or GIFT. Only five studies

reported results separately for children conceived by ICSI

(Bowen et al., 1998; Sutcliffe et al., 2001, 2003; Hansen

et al., 2002; Ludwig and Katalinic, 2002).

M.Hansen et al.
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The presence of birth defects was assessed only at birth in

the majority of the studies reviewed (64%). Birth defects

were the primary outcome measure (20%) (Ericson and

Kallen, 2001; Anthony et al., 2002; Hansen et al., 2002;

Ludwig and Katalinic, 2002; Zadori et al., 2003), or one of a

number of main outcome measures (48%) (Morin et al.,

1989; Beral and Doyle, 1990; Sutcliffe et al., 1995, 2001,

2003; Nassar et al., 1996; D’Souza et al., 1997; Fisch et al.,

1997; Bowen et al., 1998; Dhont et al., 1999; Westergaard

et al., 1999; Koivurova et al., 2002) in 68% of studies

reviewed. The remainder (32%) were not designed specifi-

cally to assess birth defect risk.

Only seven studies were considered by the external

reviewers to be appropriate for inclusion in a meta-analysis

(Morin et al., 1989; Dhont et al., 1999; Westergaard et al.,

1999; Ericson and Kallen, 2001; Hansen et al., 2002;

Isaksson et al., 2002; Koivurova et al., 2002). The majority

of these (5/7) were population-based studies with a clear defi-

nition of a birth defect. Most had a large sample size and

birth defects were ascertained without knowledge of con-

ception status in all seven studies. All reviewer-selected

studies included data adjusted or matched for maternal age

and parity. A number of other factors such as infant sex

(Morin et al., 1989; Dhont et al., 1999; Hansen et al., 2002;

Koivurova et al., 2002), year of birth (Morin et al., 1989;

Westergaard et al., 1999; Ericson and Kallen, 2001; Isaksson

et al., 2002; Koivurova et al., 2002), and plurality (Morin

et al., 1989; Dhont et al., 1999; Westergaard et al., 1999;

Ericson and Kallen, 2001; Isaksson et al., 2002; Koivurova

et al., 2002) were adjusted or matched for in some of these

studies. As stated earlier, when a study provided a number of

odds ratio estimates adjusted for different factors (e.g.

Ericson and Kallen, 2001), we chose odds ratios that were

not adjusted for plurality, as plurality may lie on the causal

pathway. The methodological limitations identified in the

remaining 18 studies are listed in Table III.

Throughout this paper, we present results for the reviewer-

selected studies (n ¼ 7) and all studies combined (n ¼ 25). A

total of 28 638 ART children were included in the 25 studies;

over half (56%) came from the seven reviewer-selected

studies.

For the seven reviewer-selected studies, the pooled odds

ratio was 1.40 (95% CI 1.28–1.53), indicating a significantly

increased risk of birth defects in children born following

assisted reproductive technologies (Table IV). The individual

point estimates for these studies ranged from 1.04 to 2.27

(Figure 1). The pooled odds ratio for all 25 studies was 1.29

(95% CI 1.21–1.37) (Table IV). The range of point estimates

was 0.67 to 15.39 (Figure 1). The odds ratio estimate was

$1.25 in 16 of the 25 studies (64%), although most of these

were not statistically significant.

Sensitivity analyses and publication bias

The heterogeneity statistic for the pooled estimate of

the seven reviewer-selected studies was not statistically sig-

nificant (P ¼ 0.12), indicating that the pooled odds ratio of

1.40 (95% CI 1.28–1.53) is an adequate representation of

this set of studies (Table IV). However, a large Swedish

study (Ericson and Kallen, 2001) contributed 72.8% of the

total weight. Removal of this study from the analysis had

very little effect on the pooled odds ratio (OR ¼ 1.42; 95%

CI 1.20–1.69). The smallest reviewer-selected study (Morin

et al., 1989) contributed the largest odds ratio estimate (2.27)

(top of Figure 1). Removal of this study had no effect on the

pooled estimate.

The heterogeneity statistic for the pooled estimate of all 25

studies was statistically significant at the conservative level

of P , 0.10, indicating greater between-study heterogeneity

than for the reviewer-selected studies. We examined the

effect of excluding the three studies with the largest

odds ratio estimates. One of these (D’Souza et al., 1997)

was excluded by the independent reviewers because

Table III. Methodological limitations of papers identified by external reviewers leading to their exclusion from the meta-analysis

Methodological limitations Reference(s)

Inadequate or absent birth defect definition (Fisch et al., 1997; Tanbo et al., 1995; Anthony et al., 2002)
Too few details of study methodology: e.g. absent or inadequate information
on how, when, by whom birth defects assessed and/or not able to tell
whether ascertainment blind

(Koudstaal et al., 2000a,b; Zadori et al., 2003; Addor et al., 1998;
D’Souza et al., 1997; Fisch et al., 1997; Nassar et al., 1996;
Tanbo et al., 1995; Zuppa et al., 2001; Wang et al., 2002)

Selection process for inclusion in study poorly described or raises doubts as
to validity of groups included

(Zadori et al., 2003; Verlaenen et al., 1995; Sutcliffe et al., 1995, 2001, 2003;
Ludwig and Katalinic, 2002; Anthony et al., 2002)

Overmatching such that cases discarded because sufficient matches not found (Koudstaal et al., 2000a,b)
Different method of birth defect assessment used for exposed and unexposed (Beral and Doyle, 1990; Verlaenen et al., 1995)
Birth defect assessors not blind to conception status (Verlaenen et al., 1995; Sutcliffe et al., 1995, 2001, 2003;

Bowen et al., 1998; Ludwig and Katalinic, 2002)
Birth defects reported only for survivors to infancy/childhood (Sutcliffe et al., 1995, 2001, 2003; D’Souza et al., 1997)
Lack of suitable comparison data (Beral and Doyle, 1990; D’Souza et al., 1997)
Ascertainment bias (greater surveillance of IVF group) (Verlaenen et al., 1995)
Large loss to follow-up (10–33%) (Koudstaal et al., 2000a,b; Bowen et al., 1998; Sutcliffe et al., 2001)
Length of follow-up differs between groups (Beral and Doyle, 1990; Bowen et al., 1998; D’Souza et al., 1997;

Ludwig and Katalinic, 2002)
No information provided about those who refused to participate in study (Sutcliffe et al., 1995, 2001, 2003; Bowen et al., 1998;

Ludwig and Katalinic, 2002)
No information on record linkage, e.g. insufficient information about
methods, completeness of linkage etc.

(Wang et al., 2002)
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Table IV. Study characteristics for (a) reviewer-selected studies (n = 7) and (b) remaining studies (n = 18). Pooled odds ratio estimates for reviewer-selected studies and all studies combined (n = 25)

Authors and publication
year

Location Population vs
clinic-based
sample

Number
exposed

ART treatment Plurality Defects
assessed

Age /Time
assessment

Adjusted,
matched
or
crude
data

OR 95% CI Weight

(a) Reviewer-selected studies (n ¼ 7): OR ¼ 1.40 (95% CI 1.28–1.53). P-value for heterogeneity test ¼ 0.120.
Dhont et al., 1999 Belgium Population 3048 IVF, GIFT Singletons All Birth Matched 1.36 0.97–1.93 32.47
Ericson and Kallen, 2001 Sweden Population 9111 IVF, ICSI Alla All Birth Adjusted 1.39 1.25–1.54 353.01
Hansen et al., 2002 Australia Population 1138 IVF, ICSI All Maj 12 months Adjusted 2.04 1.50–2.77 40.84
Isaksson et al., 2002 Finland Clinic 109 IVF, ICSI Allb Maj Birth Matched 1.61 0.51–4.33 3.36
Koivurova et al., 2002 Finland Population 304 IVF Allb All 36 months Matched 1.53 0.79–2.93 8.94
Morin et al., 1989 USA Clinic 83 IVF Allb Maj 12–30 mths Matched 2.27 0.12–135.45 0.31
Westergaard et al., 1999 Denmark Population 2245 IVF, ICSI Allb All Birth Matched 1.04 0.78–1.39 46.03

(b) Remaining studies (n ¼ 18). OR for all studies combined (n ¼ 25) ¼ 1.29 (95% CI 1.21–1.37). P-value for heterogeneity test ¼ 0.060.
Addor et al., 1998 Switzerland Population 82 IVF þ other All All Birth Crude 2.64 0.82–6.56 3.55
Anthony et al., 2002 The

Netherlands
Population 4224 IVF, ICSI All All Birth Adjusted 1.03 0.86–1.23 120.01

Beral and Doyle, 1990c United
Kingdom

Population 1581 IVF, GIFT All Maj Birth Adjusted 1.11 0.79–1.43 43.64

Bowen et al., 1998 Australia Clinic 173 IVF, ICSI All Maj 12 months Crude 0.80 0.20–3.85 1.76
D’Souza et al., 1997 United

Kingdom
Clinic 278 IVF All Maj 48 months Matched 15.39 1.90–infinity 0.09

Fisch et al., 1997 Israel Clinic 100 IVF All Maj Birth Crude 4.60 1.86–9.95 5.46
Koudstaal et al., 2000a The

Netherlands
Clinic 307 IVF Singletons All Birth Matched 1.00 0.29–3.39 2.54

Koudstaal et al., 2002 The
Netherlands

Clinic 192 IVF Twins All Birth Matched 1.42 0.38–5.76 2.08

Ludwig et al., 2002 Germany Population 3372 ICSI All Maj Birthd Crude 1.25 1.11–1.40 285.22
Nassar et al., 1996 Egypt Clinic 128 IVF All Maj Birth Crude 1.60 0.21–12.12 0.93
Sutcliffe et al., 1995 United

Kingdom
Clinic 91 IVF All Maj 8–48 months Matched 1.40 0.20–8.50 1.09

Sutcliffe et al., 2001 United
Kingdom

Clinic 208 ICSI Singletons Maj 12–24 months Matched 1.06 0.39–2.92 3.92

Sutcliffe et al., 2003 Australia Clinic 56 ICSI Singletons Maj 13–15 months Matched 0.67 0.14–3.15 1.59
Tanbo et al., 1995 Norway Clinic 355 IVF, GIFT,

tubal transfer,
insemination

Singletons All Birth Matched 1.16 0.38–3.30 3.29

Verlaenen et al., 1995 Belgium Clinic 140 IVF Singletons Min Birth Matched 7.15 0.59–infinity 0.07
Wang et al., 2002 Australia Clinic 1019 IVF, ICSI,

GIFT
Singletons All Birth Matched 0.95 0.61–1.49 19.27

Zadori et al., 2003 Hungary Clinic 262 IVF Allb Maj 1 month Matched 1.68 0.32–10.92 1.23
Zuppa et al., 2001 Italy Clinic 32 IVF, GIFT,

clomiphene
etc.

Twins Maj Birth Crude 2.42 0.04–31.08 0.35

aThis study provided an OR estimate adjusted for plurality, however this estimate was not selected for inclusion in the meta-analysis.
bMatched for plurality
cComparison data from the Liverpool Congenital Malformations Registry were used for OR calculation.
dICSI group assessed at ,1 month, spontaneous conception group assessed at birth.

M
.H

a
n

sen
et

a
l.

3
3

2

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/20/2/328/603230 by guest on 20 M
arch 2024



the comparison group comprised only full-term singletons

and were therefore less likely to have birth defects than the

IVF group, which also included preterm infants and mul-

tiples. Furthermore, birth defects were assessed at 4 years of

age, and neonatal deaths were excluded. A small Belgian

study (Verlaenen et al., 1995) included only 140 IVF single-

tons, and was not selected by the independent reviewers for

inclusion in a meta-analysis because of the potential for bias

in ascertainment of birth defects in the IVF group who under-

went a series of ultrasound examinations that the comparison

group did not. Finally, the independent reviewers excluded a

study from Israel (Fisch et al., 1997) because of its small

sample size, inadequate birth defect definition and crude ana-

lyses. Further, the authors did not report whether the birth

defect assessors were blinded to conception status. When

these three studies were removed from the meta-analysis of

all studies, the pooled odds ratio barely changed, but the

between-study heterogeneity was much reduced (P ¼ 0.21).

The funnel plot of all 25 studies (Figure 2) was not sym-

metrical due to the three outlying studies described above.

Sub-group analyses

The pooled odds ratio estimates remained elevated and stat-

istically significant when we restricted our analyses to those

studies that assessed major birth defects separately (reviewer-

selected studies OR ¼ 2.01; 95% CI 1.49–2.69; and all

studies OR ¼ 1.32; 95% CI 1.20–1.45); or defects in single-

ton births (reviewer-selected studies OR ¼ 1.35; 95% CI

1.20–1.51; and all studies OR ¼ 1.31; 95% CI 1.17–1.46).

In fact, the majority of sub-groups had odds ratios that were

similar to or greater than the overall summary odds ratio esti-

mates and all remained statistically significant (Table V).

Since not all studies contributed data for sub-group analyses,

the number of studies included varies.

The random effects model—used for sub-group analyses

including crude data and all infants—gave rise to slightly

increased pooled estimates with wider confidence intervals

Figure 1. Individual odds ratio estimates from reviewer-selected studies (top portion of graph) and remaining studies (lower portion of
graph) together with fixed pooled odds ratio estimates from meta-analyses combining reviewer-selected studies (n ¼ 7) and all studies
(n ¼ 25).

Figure 2. Funnel plot of sample size against effect size.
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than the fixed effects models, but did not materially alter the

inferences.

Number needed to harm

Table VI provides estimates of the number of children that

need to be conceived by ART for one additional child to be

born with a birth defect, based on the pooled estimates

derived from the primary meta-analyses and the sub-group

analyses involving major birth defects only. The NNTH is

expressed for a range of different baseline birth defect preva-

lences. The results show that for a given odds ratio estimate,

the number of children that need to be conceived by ART for

one additional child to be born with a birth defect decreases

with increasing prevalence of birth defects in the baseline

population. For example, given the pooled odds ratio esti-

mate from reviewer-selected studies (OR ¼ 1.4), the NNTH

ranges from 250 if the baseline prevalence of birth defects is

1% to 62 if the baseline prevalence is 4%. When the meta-

analysis is restricted to those studies reporting major birth

defects separately (OR ¼ 2.0 for reviewer-selected studies),

the NNTH decreases to 100 given a baseline prevalence of

major birth defects of 1%, or 25 given a baseline prevalence

of 4%.

Discussion

To our knowledge, this is the first report to systematically

review and pool epidemiological data assessing the risk of

birth defects following assisted reproductive technologies.

Although our literature search identified 25 papers with birth

defect data in IVF/ICSI and spontaneously conceived infants,

many had serious methodological limitations and nearly a

third were not specifically designed to assess birth defect

risk. A panel of independent, expert reviewers considered

only seven of the 25 studies to be appropriate for inclusion in

a meta-analysis.

In conducting this systematic review and meta-analysis,

our goal was to identify whether the published evidence

suggests that infants born following ART treatment have a

significantly increased risk of birth defects compared to spon-

taneously conceived infants. In doing this, we were very

aware of the many differences in study design and method-

ology complicating this task. We have therefore presented

Table V. Sub-group analyses: pooled odds ratios for reviewer-selected studies and all studies combined

Number
of studies

Pooled OR
(fixed effects
model)

95% CI P-value for test
of heterogeneity

Pooled OR
(random effects
model)

95% CI

Major defects
Reviewer-selected 3 2.01 1.49–2.69 0.915
All studies 15 1.32 1.20–1.45 0.104

All infants (singletons þ multiples)
Reviewer-selected 7 1.50 1.38–1.62 0.008 1.53 1.26–1.85
All studies 17 1.36 1.28–1.45 ,0.001 1.41 1.21–1.64

Singletons only
Reviewer-selected 6 1.35 1.20–1.51 0.114
All studies 15 1.31 1.17–1.46 0.477

Adjusted/matched data
Reviewer-selected 7 1.40 1.28–1.53 0.120
All studies 19 1.29 1.19–1.39 0.153

Crude data
Reviewer-selected 3 1.60 1.48–1.72 0.003 1.76 1.41–2.18
All studies 10 1.49 1.40–1.58 ,0.001 1.63 1.36–1.95

IVF only
Reviewer-selected 3 1.90 1.41–2.54 0.770
All studies 12 1.94 1.50–2.50 0.736

ICSI only
Reviewer-selected 1a [2.0] 1.3–3.2
All studies 5 1.28 1.14–1.43 0.297

aA single reviewer-selected study provided birth defect data for ICSI infants separately.

Table VI. Number needed to harm (NNTH) for different combinations of pooled odds ratio and baseline birth defect
prevalence

Baseline prevalencea

of birth defects in a
given population

Primary meta-analysis, all defects Sub-group analysis, major defects

All studies
(pooled OR ¼ 1.3)

Reviewer-selected studies
(pooled OR ¼ 1.4)

All studies
(pooled OR ¼ 1.3)

Reviewer-selected studies
(pooled OR ¼ 2.0)

1% 333 250 333 100
2% 167 125 167 50
3% 111 83 111 33
4% 83 62 83 25

aThe baseline prevalence refers to the prevalence of all birth defects in a given population for the primary meta-analysis and
the prevalence of major birth defects only for the sub-group analysis.
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the results of meta-analyses for the seven reviewer-selected

studies, for all 25 studies combined, and for a range of sub-

group analyses, to allow the reader to assess all the available

independent data. Our results suggest there is a statistically

significant increased risk of birth defects in infants conceived

using assisted reproductive technologies of the order of 30–

40%. Two-thirds of the studies reviewed suggest an increased

risk of birth defects of at least 25%. However, authors’ con-

clusions have not always reflected this. Authors have gener-

ally placed too much emphasis on statistical significance, and

have ignored or dismissed repeatedly raised odds ratio esti-

mates (Kurinczuk, 2003; Kurinczuk et al., 2004).

It has been argued that odds ratios are not intuitively

understandable estimates of risk, and that the results of epide-

miological studies need to be expressed in comprehensible

terms if they are to be of practical use to clinicians and pol-

icy makers (Bjerre and LeLorier, 2000). We have therefore

also expressed our results in terms of the number needed to

harm (NNTH) which in this case equates to the number of

children that need to be conceived by ART for one additional

child to be born with a birth defect. For the purposes of

counselling their patients, clinicians should calculate the

NNTH based on a 30–40% increased risk of birth defects

compared to the baseline birth defect prevalence for their

population. Our pooled odds ratio from reviewer-selected

studies suggests a NNTH of between 250 and 62, allowing

for an underlying prevalence of birth defects between 1%

and 4%.

Validity and objectivity

Given that we have ourselves published in this area, and that

our study included data relevant to this systematic review,

our objectivity and thus the validity of our review may be

questioned. Cognisant of this, we included other researchers

in our study team who were experienced in the field of meta-

analysis and were not involved in our previous study or in

any research concerning assisted reproductive technology.

We also sought external, blinded reviewers to assess each

paper for inclusion in the meta-analysis. These reviewers

were all trained in epidemiology with a Master and/or PhD

qualification. The systematic nature of the review was

ensured through the use of specifically designed data collec-

tion forms adapted from a previous study in an unrelated

field (English et al., 1995). Despite this, a reviewer’s

decision on whether to include or exclude a particular paper

was, as in any systematic review, an opinion, based on their

overall impression of the study as well as their answers to

the structured questionnaire. Although we made a division

between those papers considered by the independent

reviewers to be more scientifically rigorous (n ¼ 7) and the

remainder (n ¼ 18), we included all the studies (n ¼ 25) in

our review and meta-analysis. Of those papers assessed by

two reviewers, there was 73% agreement regarding which

papers should be included/excluded from the meta-analysis.

In a similar study using the same method of paper review,

there was 83% agreement on inclusion/exclusion (English

et al., 1995), and in an experiment assessing epidemiologists’

assessment of whether a particular exposure was likely to be

a cause of a condition, there was agreement in 63% of cases

(Holman et al., 2001). Thus, some level of disagreement

between reviewers is not unexpected. Importantly, the results

and inferences were consistent between the analyses of the

smaller group of seven reviewer-selected papers and the

whole group of 25. Excluding studies with high weight, or

obvious outliers, had little impact on the pooled estimates,

leading us to conclude that our results are robust.

The pooled odds ratio estimates derived from this study

incorporate estimates of birth defect risk calculated from

studies that variously collected information on major defects

only, or major and minor defects combined, and examined

the presence of defects in singletons only or in singletons

and multiples combined, as well as in children conceived by

IVF only, ICSI only or a combination of different ART

techniques. However, the results of our sub-group analyses

which pool estimates from studies including only major birth

defects, singleton infants, or children conceived following

IVF or ICSI show that the pattern of increased risk of birth

defects in ART infants remains, regardless of the way in

which these data are grouped.

The increased risk of birth defects in the sub-group analy-

sis of major birth defects is of particular note given that

major defects are less subject to problems of definition and

under-reporting than minor defects. Similarly, the persistence

of an elevated odds ratio when singletons only are considered

indicates that the elevated pooled odds ratio estimates from

our primary analyses, which include many studies where

birth defects are reported for singletons and multiples com-

bined, are not due to the presence of multiple births alone.

Although we acknowledge that there are significant differ-

ences between the ART techniques of ICSI and IVF, and

have provided results for the subgroup analyses examining

each of these techniques, we caution against inferring from

these results that the ICSI technique involves a lower risk of

birth defects than standard IVF. The sub-group analysis

comprising those studies that examined birth defects in IVF

infants includes many of the smaller studies in our review.

The three outliers discussed in relation to the funnel plot also

appear in this subgroup analysis. The ICSI sub-group

included data on ,4000 children, 85% of which were con-

tributed by a single study (Ludwig and Katalinic, 2002).

There is only one reviewer-selected study in this subgroup

(Hansen et al., 2002), and this study has a markedly

increased odds ratio estimate (2.0) compared to the unse-

lected studies (OR range 0.67 to 1.25). Although not the sub-

ject of this review, a number of studies have compared birth

defect risk in IVF and ICSI infants and have not found sig-

nificant differences (Bowen et al., 1998; Bonduelle et al.,

2002; Hansen et al., 2002; Place and Englert, 2003). We do

not believe that this review, which specifically required data

comparisons with spontaneously conceived infants, is the

most appropriate for inferring differences between the two

techniques. The most that can be said from these data are

that they support the general trend of increased birth defect

risk in ART infants.

The results of our meta-analyses are unlikely to be

explained by significant residual confounding. All
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reviewer-selected studies included data adjusted or matched

for maternal age and parity. A number of other factors such

as infant sex (n ¼ 4), year of birth (n ¼ 5), and plurality

(n ¼ 5) were adjusted or matched for in some of these

studies. Information on other potential confounders such as

maternal exposure to toxins and socio-economic status were

not available in the majority of studies. However, it has been

suggested that women undertaking ART treatment are likely

to have lower exposure to toxins such as alcohol and ciga-

rettes, and to be of higher socio-economic status, than the

general population of pregnant women (Simpson, 1996;

Bergh et al., 1999; Buitendijk, 1999). Therefore, a lack of

adjustment for these factors is more likely to have led to an

under rather than overestimate of the risk.

Whilst the funnel plot shows three small outlying studies

with large odds ratio estimates, it seems unlikely that they

would have been published because they had a large esti-

mate of risk, since the authors themselves concluded there

was no increase in birth defect risk in the ART group

(Verlaenen et al., 1995; D’Souza et al., 1997; Fisch et al.,

1997). Aside from publication bias, another possible expla-

nation for an asymmetrical funnel plot is the exaggeration

of observed treatment effects in small studies of low qual-

ity (Sterne et al., 2001). The methodological limitations of

the three outlying studies have been described in the

Results. They were not selected by the independent

reviewers as appropriate for inclusion in our primary meta-

analysis, and their exclusion from the meta-analysis of all

studies had very little effect on the pooled odds ratio

estimate.

Biological plausibility

An excess risk of birth defects in IVF and ICSI infants is

biologically plausible. Factors associated with ART treat-

ment that may increase the risk of birth defects include the

underlying causes of infertility in the couples seeking treat-

ment; and factors associated with the IVF/ICSI procedures

themselves, such as the freezing and thawing of embryos,

the delayed fertilization of oocytes, culture media compo-

sition and the medications used to induce ovulation or for

luteal phase support (Lancaster, 1985; Rizk et al., 1991;

Simpson, 1998; Buitendijk, 1999). Some researchers have

argued that the excess risk of birth defects found in infants

born following ART treatment may be due to the underlying

infertility of the couples seeking treatment, rather than the

treatments themselves (Ericson and Kallen, 2001; Ludwig

and Diedrich, 2002; Lambert, 2003). It has recently been

suggested, to address this question, that an appropriate com-

parison group for infants born following ART treatment

would include children born to infertile couples who do

eventually conceive spontaneously without IVF treatment

(Kovalevsky et al., 2003). In practice this comparison group

would be difficult to identify (Schisterman et al., 2003). An

alternative may be to assess the prevalence of birth defects

in the children of couples seeking ART treatment following

failed vasectomy reversal or tubal ligation reversal, since

these couples are not infertile due to an underlying disease

process.

Implications of our results

In order to counsel prospective patients effectively, IVF clini-

cians must assess all the available data on birth defect risk

in infants born following ART treatment. This systematic

review of published data has highlighted some important

methodological issues and difficulties in comparing data

across different studies in this field. In particular, the reader

should consider the source of data on birth defects used in

each study. Hospital notes are likely to underestimate birth

defect risk, as are birth defect registries that do not actively

promote and seek notifications beyond birth. Registers of

assisted conception births that rely on clinic reports of birth

defects may also underestimate birth defect risk, since many

clinics do not follow patients beyond the immediate birth

period or in some instances even to the end of a pregnancy.

The pooling of major and minor defects may lead to less pre-

cise estimates of risk since the notification of minor defects

is often incomplete. Despite this, only 60% of the studies in

this review provided separate data on major birth defects.

Finally, when assessing individual studies, the reader should

consider whether the authors have used the same method of

ascertaining birth defects for the groups being compared. If

the two groups were followed for different lengths of time,

underwent different birth defect assessments, or the defects

were classified according to different birth defect classifi-

cation systems, then the study results may not reflect true

differences between the groups.

Our findings also have implications for future research in

this field. Since it appears there is an increased risk of birth

defects in infants born following ART treatment and we can-

not yet identify the cause, it is now very important to collect

detailed and accurate information about all treatments that

couples have undergone and their underlying causes of infer-

tility; and to be able to identify children born following ART

procedures so they can be followed. Registers of ART births

such as the statutory Reproductive Technology Register in

Western Australia (The WA RTC, 1997) or similar collec-

tions in Sweden (Bergh et al., 1999; Ericson and Kallen,

2001) and Denmark (Westergaard et al., 1999) have obvious

advantages. They enable record linkage research that is cost

effective, does not require patient contact, minimizes losses

to follow-up and provides larger sample sizes than are avail-

able through clinic-based studies.

Conclusions

The results of our systematic review and meta-analyses

suggest that infants born following ART treatment are at

increased risk of birth defects, compared to spontaneously

conceived infants. This information should be made available

to couples seeking ART treatment. Larger, population-based

studies are now needed to address questions of aetiology so

we can provide better information for counselling prospective

patients.

Postscript

Since completion of our systematic review and meta-analysis,

a second paper (Kozinszky et al., 2003) has been published
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by a group whose short communication was included in our

systematic review (Zadori et al., 2003). This paper includes a

larger sample size and explains study methodology in more

detail. It appears from this second paper that the ‘IVF-ET’

group referred to in the short communication comprise a

mixture of infants conceived following standard IVF (59%),

ovulation induction (32%) and intra-uterine insemination

(9%). The results of this paper suggest a higher birth defect

risk for the mixed exposure group (OR ¼ 2.03, 95% CI

0.76–6.01) than the short communication included in our

systematic review (OR ¼ 1.68, 95% CI 0.32–10.92).
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