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 >7 milj ART children born in the world
(de Geyter, ICMART/ESHRE 2018, Barcelona) 

 Up to 6.4 % of national cohorts in Europa 2014 
(ESHRE /EIM data,  de Geyter et al, Hum Reprod, 2018)

 >70 000 children born in Sweden
(www.qivf.se)

Background
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Singletons: ART vs spontaneous conception
Systematic reviews and meta-analyses

AOR or RR, 
95% CI

Helmerhorst
2004

Jackson
2004

McGovern
2004

McDonald
2009

Pandey
2012

Qin
2017

No of studies, 
no of children

12*
5361

14*
12 114

27
14 748

15*
31 032

22**
27 819

52
181 741

<37 w 2.0 (1.8-2.3) 2.0 (1.7-2.2) 2.0 (1.8-2.2) 1.8 (1.5-2.2) 1.5 (1.5-1.6) 1.7

<32 w 3.3 (2.0-5.3) 3.1 (2.0-4.8) 2.5 (0.9-7.2) 2.3 (1.7-3.0) 1.7 (1.5-1.9) 2.0

<2500 g 1.7 (1.5-1.9) 1.8 (1.4-2.2) - 1.6 (1.3-2.0) 1.6 (1.6-1.8) 1.5

<1500 g 3.0 (2.1-4.4) 2.7 (2.3-3.1) - 2.6 (1.8-3.8) 1.9 (1.7-2.2) 2.0

SGA 1.4 (1.2-2.7) 1.6 (1.3-2.0) - 1.4 (1.0-2.0) 1.4 (1.3-1.5) 1.2

*Cohort studies, matched or adjusted for at least maternal age
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ART singleton and twins : <37 weeks ART singleton and twins: IUFD and death <1year 

ART singleton and twins: SGA 
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10% lower risk30% lower risk
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50% increase
85% increase
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Rimm
2004

Hansen
2005*

McDonald
2005

Pandey
2012*

Hansen
2013*

Qin
2016

Zhao
2019

No of 
studies and 
ART 
children

IVF:
82 064
ICSI:
63 948

15
13 059

7
4 031

7
4 382

23
48 944

28
77697

46
112 913

Birth
defects
AOR or RR 
(95% CI)

IVF: 
1.5 (0.8-2.7)
ICSI:
1.3 (0.9-2.0)

1.3 (1.2-1.5) 1.4 (1.1-1.9) 1.7 (1.3-2.1) 1.4 (1.3-1.4) 1.4 (1.3-1.5) 1.4 (1.3-1.5)

*Cohort studies, matched or adjusted

ART 30-70% increased risk

Birth defects
Singletons: ART vs spontaneous conception
Systematic reviews och meta-analyses
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ART
N=61 281

SC
N=350 811

AOR* 95% CI

Percent of children with 
serious birth defects**

3.4% 2.9% 1.2 1.1-1.2

Heart 0.63% 0.50% 1.3 1.1-1.4

Gastro-intestinal 0.28% 0.22% 1.3 1.1-1.5

Urogenital 0.24% 0.17% 1.4 1.2-1.7

*Adjusted for maternal age, parity, year of birth, country and gender
** Defined after Eurocat

Henningsen et al, 2018 
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Birth defects: 
ICSI compared to IVF

24 studies, N=27 754 ICSI, N=46 890 IVF  
Wen et al., Fertil Steril 2012

No increased risk!
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 Growth
 Cognitive and psychomotor development
 Mental disorders
 Autism
 School performances
 Cancer
 Cardiovascular risks
 Diabetes mellitus
 Puberty development

Longterm follow up
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20 studies, 13 in meta-analysis
Max follow up-22 years
ART: 3972 children
SC: 11 012 children

University of Gothenburg
London 14-15 November, 2019



Weight
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Height
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Cognitive and psychomotor development

University of Gothenburg

Fertil&Steril 2013
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Age ≥4 years, 35 studies 
Conflicting results
IVF vs spontaneous conception
ICSI vs spontaneous conception and vs IVF

-disappeared after adjustment for multiples
-only observed in subgroups
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ART and neurological impairment
Cerebral Palsy

Hvidtjorn et al, Arch Ped Adolesc Med 2009

All: OR 2.18

Singletons: OR 1.82
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N=16 000 ART 

Cerebral palsy

N=33 000 ART

Crude OR: 2.34 (1.81-3.01)
Adjusted OR:1.07 (0.78-1.47)
(adjusted for multiplicity and gestational age)

Crude OR: 1.89  (1.37-2.60)
Adjusted OR: 1.14 (0.72-1.81)
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IVF/ICSI: 30 959, SC: 2 541 125, 1982-2007 
Follow up at  1.5-10 years. ICD 9, 10 diagnoses in Patient Registry

University of Gothenburg

per 100 000 
person year

RR (95% CI) 

Autism 19.0     15.6 1.14 (0.94-1.39
Singleton 14.4     15.0 0.89 (0.68-1.17)
Mental retardation 46.3     39.8 1.18 (1.01-1.36)
Singleton 38.8     38.5 1.01 (0.83-1.24)

London 14-15 November, 2019



1997-2006, 
N=42 383 ART children, up to 5 years

Autism in ART Singleton: 0.8%
ICSI: adjusted HR 1.65 (1.08-2.56) (IVF as ref)
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No of 
exposed 

Any 
psychiatric 
diagnosis 
(n=23,278)

Mental 
retardation 
(n=3371)

Disorders of 
psychological 
development 
(n=11,794)

Behaviour and 
emotional 
disorders
(n=16,432)

Other/unspecified 
psychiatry 
disorders 
(n=682)

Procedure‡

OI/IUI 18,148 1.20 
(1.11 to 1.31)

1.02 
(0.81 to 1.28)

1.17 
(1.05 to 1.31)

1.22 
(1.11 to 1.34)

1.16 
(0.72 to 1.87)

IVF 9532 1.01 
(0.90 to 1.15)

0.88 
(0.63 to 1.24)

0.98 
(0.83 to 1.15)

1.06 
(0.91 to 1.23)

1.14 
(0.56 to 2.29)

ICSI 4201 1.08 
(0.90 to 1.31)

0.81 
(0.47 to 1.42)

1.17 
(0.92 to 1.49)

1.10 
(0.87 to 1.38)

0.33 
(0.05 to 2.45)

*As defined by ICD-10 (applicable in study period); †adjusted for maternal age, parity, education al level, smoking in pregnancy, maternal psychiatric 
history, birth year, child’s sex and multipclicity; ‡specific type of treatment missing in 117 children in IVF/ICSI group; 163 had 
egg donation and 978 were fertilised with frozen egg without specification of treatment type (IVF or ICSI).

Hazard rates and 95% CIs for mental disorders*† in children aged 0−17 years according to type of infertility 
treatment, hormones, gametes and aetiology of infertility compared with spontaneously conceived children 
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1985-2001
N=8323 ART 
1 499 667 SC
Singletons
Finishing 9th grade school-15-16 years
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ART
n=8323

SC
n=1499667

aOR
95% CI

Approved in Mathematics, 
Swedish, English
Qualified to enter secondary
school

93.5% 88.8% 1.05 (0.95-1.17)

Poor school performance 7.2% 13.5% 0.98 (0.89-1.09)

University of Gothenburg
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Cancer risk among children born
after assisted conception

Study
period

Cohort
size

Average
follow-up

Observed
cancers

Expected
cancers

Risk 95% CI

1992-2008 106013 6.6y 108 109.7 SIR=0.98 0.81-1.19

Hepato-
blastoma

6 1.8 SIR=3.64 1.34-7.93

Rhabdomyo
-sarcoma

10 3.8 SIR=2.62 1.26-4.82

Williams CL, Sutcliffe A et al, NEJM, 2013
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ART
n

Non-ART
n

Crude* Adjusted**

Any
cancer

181 638 1.16
(0.87-1.55)

1.14 
(0.85-1.53)

* Age at diagnosis and time of follow-up incorporated
** Adjustment for country

Hazard ratio (95% CI) for cancer in 
children born after ART vs non-ART

University of Gothenburg



ART Spontaneous conception

Children 275 686 2 266 847

Cancer/ 1000 000 person-
year

251.9 192.7

University of Gothenburg

Follow up:
ART: 4.5 years
SC: 4.7 years
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1980-2001, OMEGA, 21 years follow up
ART: 24269
SC:13761
Subfertile:9660

231 cancer (93, 92, 46)
ART vs subfertile: HR 1.0 (0.72-1.38)
ART vs general population: SIR:1.11 (0.90-1.36)

University of GothenburgLondon 14-15 November, 2019



Fertil &Steril 2017

19 studies
2,112 IVF/ICSI children
4,096 SC children
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University of Gothenburg

Guo et al, 2017
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Guo et al, 2017
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 IVF singletons (n=65) and spontaneously conceived 
singletons (n=57)

 General vascular dysfunction in the systemic and 
pulmonary circulation
• Intima thickness in the carotic artery ↑

• Pressure in the pulmonary artery ↑

(Circulation 2012)
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54 ART, 43 SC singletons
5-year follow up (16-17 years old)
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ART SC
n=47,938 n=3,090,602

DM1 202 17,916
per 100 000 person years 43.4 35.5

aHR (ART vs SC):1.07 (0.93-1.23)
aHR (FET vs fresh): 1.52 (1.08-2.14)
aHR (FET vs SC):1.41 (1.05 to 1.89)

University of Gothenburg

Norrman, accepted 2019



Reproductive health in ICSI 
Pubertal development

 116 ICSI boys and 115 SC boys, 14 years old
 Genital development and pubic hair development comparable

 101 ICSI girls and 108 SC girls, 14 years old
 Mean (SD) age for menarche 13.1 (1.2) and 

13.1 (1.4) years
 Pubic hair development comparable
 Breast development was less advanced in ICSI 

Belva et al., Hum Reprod 2012
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 54 ICSI men and 57 SC men, 18-22 years old
 Reproductive hormones: 
 FSH, LH, testosterone, and inhibin B comparable
 Semen parameters:
 Lower semen  parameters in ICSI cohort
 Concentration <15 million/ml: AOR 2.7 (95% CI 1.1-6.7)
 Total count <39 million: AOR 4.3 (95% CI 1.7-11.3)

 71 ICSI women and 81 SC women, 18-22 years old
 Reproductive hormones:

AMH, FSH, LH, and DHEAS comparable
 Mean follicle count/ovary comparable  

Belva et al., 2016 2017 

Reproductive health in ICSI

University of Gothenburg
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KEY MESSSAGES - short term outcomes

 Neonatal outcome (PTB, LBW) -increased rates

 Congenital birth defects - increased rate

 ICSI-IVF-No differences

 Cryopreservation-lower PTB/LBW, higher LGA

University of Gothenburg
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KEY MESSAGES – long term outcomes
 Growth-no difference
 Cancer no/small increased risk 
 Neuro-developmental diseases- no increased risk
 Academic performance-reassuring
 Autism-reassuring
 SBP and DBP slightly higher
 Cardiac diastolic function suboptimal and vessels thickness 

was higher
 BMI and lipid metabolism similar
 Type 1 Diabetes-increased for FET

University of Gothenburg
London 14-15 November, 2019



Thank’s!
University of Gothenburg
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Ceelen et al, 2008

Cardiometabolic differences in children born after IVF
(8-18 year-old, matched age and gender)

IVF
N=225

Controls
(subfertile)
N=225

P-value

SBT 109±11 105±1 <0.001 

DBT 61±7 59±7 <0.001

Fasting glucose 5.0± 0.4 4.8±0.4 <0.005

University of Gothenburg
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Are ICSI adolescents at risk for increased adiposity?

Result: ICSI girls more central, peripheral and 
total adiposity

Belva et al, 2012

(14-year old ICSI singletons and spontaneous conception, n=233)

University of Gothenburg
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11 studies
N=46 249 ART children
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No increase when
adjusted for multiplicity!
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 Small increase in SBP and DBP
 Cardiac diastolic function suboptimal and vessels 

thickness was higher
 Increased insulin levels, no difference in glucose
 No difference in BMI and lipid metabolism
 Indicates a  certain risk of cardiovascular disease which 

calls for further investigation

University of Gothenburg
London 14-15 November, 2019



Population based cohort, Israel
Hospitilization up to age 13 years
Singletons: 2603 IVF, 237 863 Spontaneous
conception

CVD:15 (0.6%) vs 1476 (0.6%)
aHR 1.05 (0.63-1.74)

University of Gothenburg
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Year of birth 1985 to 2015
Singletons born after ART (n=47 938) 
Singletons born after SC (n=3 090 602)
ART: 36 727 fresh embryo transfer, 11 211 frozen embryo transfer 

University of Gothenburg
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National registries

IVF-registries
Medical Birth Registry
National Patient Registry
 SWEDIABKIDS
National Diabetes Register
 Swedish Prescribed Drug Register
 SCB (Swedish Central Bureau)

University of Gothenburg
London 14-15 November, 2019



Association between ART and type 1 diabetes in singletons born in Sweden between 
1985 and 2015

All ART
n= 47 938

SC
n= 3,090,602 

Type 1 diabetes n, %
(n= 18 118)

202 17 916

Person-years at risk 465 450 50 471 136

HR (95% CI) crude
ART vs SC

1.23
(1.07 to 1.42)

1.00 (reference)

HR (95% CI) adjusteda

ART versus SC
1.13 

(0.98 to 1.30)
1.00 (reference)

HR (95% CI) adjustedb

ART versus SC
1.07

(0.93 to 1.23)
1.00 (reference)

aAdjusted for calendar year of birth
bAdjusted for maternal age, sex, year of birth, maternal smoking, maternal country of birth and educational level, type 1 diabetes of the parents

University of Gothenburg
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IVF/ICSI frozen
N= 11,211

IVF/ICSI fresh
N= 36,727

Spontaneous 
conception

N= 3,090,602

Type 1 diabetes
N=202 (%)

45
(0.40)

157
(0.43)

17,916
(0.58)

Person-years at risk 83,181 382,269 50,471,136

HR (95% CI) crude
Frozen versus fresh
IVF/ICSI

1.48
(1.06 to 2.07)

1.00 
(reference)

HR (95% CI) adjustedb

Frozen versus fresh
IVF/ICSI

1.52
(1.08 to 2.14)

1.00 
(reference)

HR (95% CI) crude
Frozen IVF/ICSI versus SC

1.65
(1.23 to 2.21)

1.00 
(reference)

HR (95% CI) adjustedb

Frozen IVF/ICSI versus SC
1.41

(1.05 to 1.89)
1.00 

(reference)

Association between frozen embryo transfer and type 1 diabetes in singletons born in Sweden 
between 1985 and 2015

University of Gothenburg
London 14-15 November, 2019

bAdjusted for maternal age, sex, year of birth, maternal smoking, maternal country of birth and educational level, type 1 diabetes of the parents



48 studies 

Neurodevelopment
Growth
Vision&hearing
General health
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