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ART ART childrenchildren vs vs 
spontaneouslyspontaneously concievedconcieved childrenchildren

AdverseAdverse perinatal perinatal outcomesoutcomes

Multiple Multiple birthbirth x 10x 10--2020
VeryVery pretermpreterm birthbirth and and pretermpreterm birthbirth in in 
singletonssingletons x 2x 2
VeryVery lowlow birthbirth weightweight and and lowlow birthbirth weightweight
in in singletonssingletons x 2x 2
BirthBirth defectsdefects??

VariabilityVariability in the in the prevalenceprevalence of of birthbirth
defectsdefects

Different real Different real ratesrates
Different definitionDifferent definition
Different Different levelslevels of of ascertainmentascertainment
Different Different lengthlength of of followfollow--upup
Different time periods Different time periods 
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BirthBirth defectsdefects in ART in ART childrenchildren vs vs spontaneouslyspontaneously
conceivedconceived childrenchildren

The problem of The problem of samplesample sizesize. . ProspectiveProspective followfollow up studiesup studies

Schieve et al, Fertil Steril, 2005

BirthBirth defectsdefects in ART in ART childrenchildren vs vs spontaneouslyspontaneously
conceivedconceived childrenchildren

The problem of The problem of samplesample sizesize. . CaseCase--controlcontrol studiesstudies

Schieve et al, Fertil Steril, 2005

Definition and Definition and classificationclassification of of 
birthbirth defectsdefects

AnatomicalAnatomical defectsdefects or or chromosomalchromosomal
abnormalitiesabnormalities that are present at that are present at birthbirth and are and are 
eithereither fatal or fatal or significantlysignificantly affectaffect the the individualindividual´́ss
functionfunction or or appearanceappearance

International International ClassificationClassification of of DiseasesDiseases
(ICD 8, 9, 10)(ICD 8, 9, 10)

Major and minor Major and minor birthbirth defectsdefects
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BirthBirth defectsdefects
LiteratureLiterature searchsearch strategystrategy

Pub Med, Pub Med, CochraneCochrane databasesdatabases
1978 1978 -- Nov 2007Nov 2007

IVFIVF
In vitro In vitro fertili?ationfertili?ation
ICSIICSI
IntracytoplasmicIntracytoplasmic spermsperm
injectioninjection
AsssistedAsssisted reproductionreproduction
AssistedAssisted reproductivereproductive
techntechn$$
InfertilityInfertility treatmenttreatment??

BirthBirth defectdefect??
CongenitalCongenital malformationmalformation??
CongenitalCongenital abnormalitabnormalit$$
Hospital$Hospital$
FollowFollow--upup
Health and Health and childchild
RecordRecord linkagelinkage

ClinicClinic or hospital or hospital basedbased studiesstudies
AuthorAuthor No of ARTNo of ART %  %  childrenchildren with with birthbirth defectsdefects SignificanceSignificance

childrenchildren ARTART controlscontrols

Morin, 1989Morin, 1989 8383 2.42.4 1.11.1 No No differencedifference
SutcliffeSutcliffe, 1995, 1995 9191 3.33.3 2.42.4 No No differencedifference
TanboTanbo, 1995, 1995 355 355 singletonssingletons 2.02.0 1.71.7 No No differencedifference
VerlaenenVerlaenen, 1995, 1995 140 140 singletonssingletons 5.75.7 00 SignificantlySignificantly higherhigher raterate
Nassar, 1996Nassar, 1996 128128 2.32.3 1.51.5 No No differencedifference
DD´́SouzaSouza, 1997, 1997 278278 6.16.1 2.52.5 No No differencedifference
FischFisch, 1997, 1997 100100 8.08.0 1.91.9 No No differencedifference
Bowen, 1998Bowen, 1998 8484 3.63.6 5.05.0 No No differencedifference
KoudstaalKoudstaal, 2000, 2000 307 307 singletonssingletons 2.32.3 2.32.3 No No differencedifference
KoudstaalKoudstaal, 2000, 2000 192 192 twinstwins 3.63.6 2.62.6 No No differencedifference
SutcliffeSutcliffe, 2001, 2001 208 208 ICSI, ICSI, singletonssingletons 4.84.8 4.54.5 No No differencedifference
ZuppaZuppa, 2001, 2001 32 32 twinstwins 6.26.2 1.31.3 No No differencedifference
Wang, 2002Wang, 2002 1019 1019 singletonssingletons 4.54.5 4.34.3 No No differencedifference
Isaksson, 2002Isaksson, 2002 109109 5.55.5 3.53.5 No No differencedifference
ZadoriZadori, 2003, 2003 262262 1.91.9 1.21.2 No No differencedifference
KozinszkyKozinszky, 2003, 2003 284 284 singletonssingletons 3.23.2 1.81.8 No No differencedifference
KozinszkyKozinszky, 2003 , 2003 150 150 twinstwins 3.33.3 1.31.3 No No differencedifference
MerlobMerlob, 2005, 2005 278278 9.19.1 4.94.9 SignificantlySignificantly higherhigher raterate
BucketBucket, 2007, 2007 432432 8.88.8 NANA No No differencedifference

PopulationPopulation--basedbased studiesstudies
AuthorAuthor No of ARTNo of ART % with % with birthbirth defectsdefects SignificanceSignificance

childrenchildren ARTART controlscontrols

BeralBeral, 1990, 1990 1,5811,581 2.22.2 NANA No No differencedifference
AddorAddor, 1998, 1998 8282 6.16.1 2.42.4 No No differencedifference
DhontDhont, 1999, 1999 5,5395,539 3.13.1 1.71.7 OR 1.8*OR 1.8*
Westergaard, 1999Westergaard, 1999 2,2452,245 4.84.8 4.64.6 No No differencedifference
Anthony, 2002Anthony, 2002 4,2244,224 3.23.2 2.72.7 OR 1.2*OR 1.2*
Ludwig, 2002Ludwig, 2002 3,372 ICSI3,372 ICSI 8.68.6 6.96.9 OR 1.25*OR 1.25*
Hansen, 2002Hansen, 2002 837837 9.09.0 4.24.2 OR 2.6*OR 2.6*
KoivurovaKoivurova, 2002, 2002 304304 6.66.6 4.44.4 No No differencedifference
PinborgPinborg, 2004, 2004 3,393 3,393 twinstwins 6.26.2 NANA No No differencedifference
Klemetti, 2005Klemetti, 2005 2,930 2,930 singletonssingletons 4.34.3 2.92.9 OR 1.3*OR 1.3*

1,629 1,629 twinstwins 4.34.3 5.35.3 No No differencedifference
ShevellShevell, 2005, 2005 554554 3.53.5 1.91.9 No No differencedifference
KKäälllléénn, 2005, 2005 16,28016,280 5.05.0 4.04.0 OR 1.3*OR 1.3*

* Significantly higher
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SystematicSystematic reviewsreviews and and 
MetaMeta--analysesanalyses

BirthBirth defectsdefects inin IVF/ICSI vs IVF/ICSI vs spontaneouslyspontaneously conceivedconceived
childrenchildren

RimmRimm et alet al, J Assist , J Assist ReprodReprod Genet, 2004Genet, 2004
McDonald McDonald et alet al , J , J ObstetObstet GynaecolGynaecol, 2005, 2005
Hansen Hansen et alet al, Hum , Hum ReprodReprod, 2005, 2005

MetaMeta--analysisanalysis of of birthbirth defectsdefects after ARTafter ART
IVF/ICSI vs IVF/ICSI vs spontaneouslyspontaneously conceivedconceived childrenchildren

1.281.28--1.531.53
1.211.21--1.371.37

1.401.40
1.291.29

AllAll
AllAll

16,03816,038
28,63828,638

77
2525

Hansen Hansen 
20052005

1.061.06--1.881.881.411.41SingletonSingleton4,0314,03177McDonald McDonald 
20052005

1.011.01--1.671.671.291.29AllAll35,75835,7581919RimmRimm
20042004

95% CI95% CIOR/RROR/RRPluralityPluralityNo of No of 
ART ART 
childrenchildren

No of No of 
studiesstudies

MetaMeta--analysisanalysis BirthBirth defectsdefects
IVF/ICSI vs IVF/ICSI vs spontaneouslyspontaneously conceivedconceived childrenchildren

Hansen et al, Hum Hansen et al, Hum ReprodReprod, 2005,, 2005,

7 7 reviewerreviewer--selectedselected studies, 16,038 ART studies, 16,038 ART childrenchildren

OR 1.40 (1.28-1.53)

Indicates fewer birth defects in ART        Indicates more birth defects in ART
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MetaMeta--analysisanalysis BirthBirth defectsdefects
IVF/ICSI vs IVF/ICSI vs spontaneouslyspontaneously conceivedconceived childrenchildren

Hansen et al, Hum Hansen et al, Hum ReprodReprod, 2005, 2005

18 18 remainingremaining studies, 12,600 ART studies, 12,600 ART childrenchildren

All 25 studies:
OR 1.29 (1.21-1.37)

Indicates fewer birth defects in ART        Indicates more birth defects in ART

MetaMeta--analysisanalysis BirthBirth defectsdefects
IVF/ICSI vs IVF/ICSI vs spontaneouslyspontaneously conceivedconceived childrenchildren

Hansen et al, Hum Hansen et al, Hum ReprodReprod, 2005, 2005

1.5 (1.41.5 (1.4--1.6)1.6)1.6 (1.51.6 (1.5--1.7)1.7)CrudeCrude datadata

1.9 (1.51.9 (1.5--2.5)2.5)1.9 (1.41.9 (1.4--2.5)2.5)IVF IVF onlyonly

1.3 (1.11.3 (1.1--1.4)1.4)2.0 (1.32.0 (1.3--3.2)3.2)ICSI ICSI onlyonly

1.3 (1.21.3 (1.2--1.4)1.4)1.4 (1.31.4 (1.3--1.5)1.5)AdjustedAdjusted//matchedmatched
datadata

1.3 (1.21.3 (1.2--1.5)1.5)1.4 (1.21.4 (1.2--1.5)1.5)SingletonsSingletons

1.4 (1.31.4 (1.3--1.5)1.5)1.5 (1.41.5 (1.4--1.6)1.6)Singletons + multiplesSingletons + multiples

1.3 (1.21.3 (1.2--1.5)1.5)2.0 (1.52.0 (1.5--2.7)2.7)Major Major defectsdefects

All studiesAll studies
(n=5(n=5--19)19)

ReviewerReviewer selectedselected
studies (n=1studies (n=1--7)7)

BirthBirth defectsdefects: IVF vs ICSI: IVF vs ICSI

0.650.65--1.421.42
0.740.74--1.711.71

0.960.96
1.131.13

2.42.4
2.82.8

3974 3974 singletonssingletons

2901 2901 twinstwins

2.12.1
3.23.2

1655 1655 singletonssingletons

1102 1102 twinstwins

OmbeletOmbelet
20052005

The The 
NetherlandsNetherlands

0.740.74--1.361.361.001.008.18.111283112838.68.649494949KKäällenllen
20052005
SwedenSweden

0.970.97--1.281.281.021.023.03.0173117313.13.1553553OldereidOldereid 20032003
NorwayNorway

0.630.63--1.481.480.960.969.09.08378378.68.6301301HansenHansen
20022002
AustraliaAustralia

0.730.73--1.181.180.930.934.54.5299529954.24.228892889BonduelleBonduelle
2002 2002 
BelgiumBelgium

95% CI95% CIRR/ORRR/OR% IVF % IVF 
childrenchildren
with with birthbirth
defectsdefects

No of IVF No of IVF 
childrenchildren

% ICSI % ICSI 
childrenchildren
with with birthbirth
defectsdefects

No of ICSI No of ICSI 
childrenchildren
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MetaMeta--analysisanalysis of major of major birthbirth defectsdefects
IVF vs ICSIIVF vs ICSI

Lie et al, Int J Epidemiology, 2005

BirthBirth defectsdefects
The Swedish The Swedish PopulationPopulation––basedbased studystudy

Sweden, 1982Sweden, 1982--20012001
16,280 ART 16,280 ART childrenchildren (30% ICSI) and  > 2 000 000 (30% ICSI) and  > 2 000 000 controlscontrols
Swedish Medical Swedish Medical BirthBirth RegistryRegistry and and RegistryRegistry of of CongenitalCongenital
MalformationsMalformations, Hospital , Hospital DischargeDischarge RegistryRegistry

All All birthbirth defectsdefects 5% vs 4%5% vs 4% OR 1.26 (1.18OR 1.26 (1.18--1.36)1.36)
SevereSevere birthbirth defectsdefects 3.3% vs 2.2%3.3% vs 2.2% OR 1.46 (1.39OR 1.46 (1.39--1.65)1.65)

All All birthbirth defectsdefects, , adjustedadjusted for for yearyear of of birthbirth, , 
maternalmaternal ageage, , parityparity, smoking, , smoking, yearsyears of of knownknown
childlessnesschildlessness OR 1.04 (0.93OR 1.04 (0.93--1.16)1.16)

SingletonsSingletons OR 1.07 (0.95OR 1.07 (0.95--1.21)1.21)
Multiple Multiple birthsbirths OR 0.86 (0.70OR 0.86 (0.70--1.05)1.05)

Källen et al, Birth defects, 2005

6.7%6.7%
C vs A:C vs A:
1.39 (1.231.39 (1.23--1.57)1.57)
C vs B:C vs B:
1.17 (1.001.17 (1.00--1.36)1.36)

6.0%6.0%
B vs A:B vs A:
1.20 (1.071.20 (1.07--1.35)1.35)

5.0%5.0%All All malformationsmalformations

Singletons Singletons bornborn to to 
infertile infertile couplescouples with with 
infertilityinfertility treatmenttreatment
N=4,588N=4,588
Group CGroup C

Singletons Singletons bornborn
to infertile to infertile 
couplescouples
N=5,764N=5,764
Group BGroup B

Singletons Singletons 
bornborn to fertile to fertile 
couplescouples
N=50,897N=50,897
Group AGroup A

Group B vs A Increased rate of malformations in nervous, digestive and musculoskeletal
system

Group C vs A Increased rate of malformations in nervous, digestive and musculoskeletal
system and genital organs

Group C vs B Increased rate of malformations in genital organs BMJ, 2006
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2.8*2.8*1.4 (NS)1.4 (NS)2.5*2.5*--NervousNervous
systemsystem

1.4 (NS)1.4 (NS)2.1*2.1*2.2*2.2*3.9*3.9*GenitalGenital
organsorgans

1.3*1.3*1.3*1.3*1.4*1.4*1.9*1.9*AllAll

1.5*1.5*

IUIIUI

1.2 (NS)1.2 (NS)1.6*1.6*2.0*2.0*MusculoMusculo--
skeletalskeletal
systemsystem

Hormonal Hormonal 
treatmenttreatment

IVFIVFICSIICSIMalformationsMalformations

Adj Hazard ratios of congenital malformations in singletons after different types of 
infertility treatment versus singletons born to fertile couple

*Significantly higher BMJ, 2006

SpecificSpecific birthbirth defectsdefects
The Swedish Population The Swedish Population –– basedbased StudyStudy, 16,280 ART , 16,280 ART childrenchildren

The Swedish Medical The Swedish Medical BirthBirth RegistryRegistry, The Swedish , The Swedish RegistryRegistry of of 

CongenitalCongenital MalformationsMalformations, The Swedish Hospital , The Swedish Hospital DischargeDischarge RegistryRegistry

Källen et al, Birth defects, 2005

ChromosomalChromosomal aberrations in ICSI aberrations in ICSI 
fetusesfetuses//babiesbabies

1.51.50.30.31.21.21,1361,136JozwiakJozwiak, 2004, 2004

3.03.01.41.41.61.61,5861,586BonduelleBonduelle
20022002

3.33.3NANANANA830830LudwigLudwig
20022002

3.53.5NANANANA430430AboulgharAboulghar
20012001

2.7 (2.32.7 (2.3--3.2)3.2)4,5654,565AllAll

4.24.2004.24.2142142SamliSamli
20032003

2.62.61.31.31.31.3149149WennerholmWennerholm
20002000

3.43.40.50.52.92.9206206Loft Loft 
19991999

12.712.70012.712.77171Van Van OpstalOpstal
19971997

33.333.30033.333.31515InIn´́tt VeldVeld
19951995

All aberrationsAll aberrations
%%

InheritedInherited
aberrations %aberrations %

AbnormalAbnormal
de de novonovo %%

No of No of testedtested ICSI ICSI 
fetusesfetuses/ / babiesbabies
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Prenatal Prenatal diagnosisdiagnosis in ICSI in ICSI fetusesfetuses
BonduelleBonduelle et al, Hum et al, Hum ReprodReprod, 2002, 2002

0.8 0.8 --0.9% in 0.9% in newbornsnewborns
Nielsen 1991, Jacobs 1992Nielsen 1991, Jacobs 1992

2.22.2--3.93.93.03.0AllAll

0.30.3--0.4% in prenatal tests0.4% in prenatal tests0.90.9--2.12.11.41.4InheritedInherited

0.45% in prenatal tests0.45% in prenatal tests
(33.5 y)(33.5 y)

0.50.5--1.61.60.950.95AutosomalAutosomal

0.2% in 0.2% in newbornsnewborns
Nielsen 1991, Jacobs 1992 Nielsen 1991, Jacobs 1992 

0.30.3--1.21.20.60.6Sex          Sex          
chromosomechromosome

0.5% in prenatal tests0.5% in prenatal tests
(33.5 y)(33.5 y)

1.01.0--2.32.31.61.6De De novonovo

ComparisonComparison general general 
populationpopulation

95% CI95% CI% % AbnormalAbnormal
resultsresults in in 

1,586 1,586 
samplessamples

x 3

ImprintingImprinting disordersdisorders after ARTafter ART

Lidegaard et al, Curr Opinon Obstet Gynecol, 2006 

ImprintingImprinting disordersdisorders after ARTafter ART
TwoTwo additionaladditional studies:studies:

QuestionnaireQuestionnaire surveysurvey: 220 : 220 childrenchildren with AS, BWS and PWS:with AS, BWS and PWS:
6.4% 6.4% bornborn after ART  vs 2.1% in the Dutch population, RR 3.0after ART  vs 2.1% in the Dutch population, RR 3.0
(RR: AS 3.0, BWS 4.0, PWS 2.2)(RR: AS 3.0, BWS 4.0, PWS 2.2)
6.8% 6.8% bornborn after after fertilityfertility problems vs 3.5% in the Dutch population, RR1.9problems vs 3.5% in the Dutch population, RR1.9

DoornbosDoornbos et al Hum et al Hum ReprodReprod, , SeptSept 20072007

QuestionnaireQuestionnaire surveysurvey of 2,492 ART of 2,492 ART childrenchildren in in IrelandIreland and England: and England: 
1 BWS1 BWS
ConclusionConclusion: BWS post ART < 1%: BWS post ART < 1%

BowdinBowdin et al Hum et al Hum ReprodReprod, Dec 2007 , Dec 2007 
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ConclusionsConclusions (1)(1)
Data from Data from populationpopulation--basedbased registryregistry studies, studies, 
systematicsystematic reviewsreviews and and metameta--analysesanalyses indicateindicate
a small a small butbut signficantsignficant increaseincrease (30(30--40%) in 40%) in birthbirth
defectsdefects in in childrenchildren bornborn after ART after ART comparedcompared to to 
the general populationthe general population

SomeSome of the of the increaseincrease seemsseems to be to be relatedrelated to to 
parentalparental characteristicscharacteristics ((ageage, , parityparity, , infertilityinfertility) ) 
and multiple and multiple birthbirth and and pretermpreterm birthbirth

IfIf the ART the ART procedureprocedure is is relatedrelated to to anyany increasedincreased
risk is still not risk is still not possiblepossible to to answeranswer

ConclusionsConclusions (2)(2)
The The prevalenceprevalence of of birthbirth defectsdefects is is similarsimilar after after 
conventionalconventional IVF and ICSIIVF and ICSI

InheritedInherited and de and de novonovo chromosomalchromosomal aberrations aberrations 
are are increasedincreased after ICSIafter ICSI

The absolute risk for The absolute risk for anyany specificspecific birthbirth defectdefect
after ART is smallafter ART is small

ThereThere is is continouscontinous needneed for for monitoringmonitoring the the 
healthhealth of of childrenchildren bornborn after ARTafter ART

ThankThank You!You!


