
Acta Obstet Gynecol Scand. 2023;00:1–9.	﻿�   | 1wileyonlinelibrary.com/journal/aogs

Received: 13 March 2023 | Revised: 21 July 2023 | Accepted: 26 July 2023

DOI: 10.1111/aogs.14663  

O R I G I N A L  R E S E A R C H  A R T I C L E

Cerebral palsy in children born after assisted reproductive 
technology in Norway: Risk, prevalence, and clinical 
characteristics

Henriette Carlsen1 |   Torstein Vik1 |   Guro L. Andersen1,2 |   Kristine Stangenes3 |   
Solveig Bjellmo4,5 |   Kjersti Westvik-Johari6 |   Sandra Julsen Hollung1,2

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Acta Obstetricia et Gynecologica Scandinavica published by John Wiley & Sons Ltd on behalf of Nordic Federation of Societies of 
Obstetrics and Gynecology (NFOG).

Abbreviations: ART, assisted reproductive technology; CI, confidence intervals; CP, cerebral palsy; ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization; MBRN, Medical Birth 
Registry of Norway; NorCP, Norwegian Quality and Surveillance Registry for Cerebral Palsy.

1Department of Clinical and Molecular 
Medicine, Norwegian University of 
Science and Technology, Trondheim, 
Norway
2Norwegian Quality and Surveillance 
Registry for Cerebral Palsy (NorCP), 
Vestfold Hospital Trust, Tønsberg, Norway
3Department of Health Registry Research 
and Development, Norwegian Institute of 
Public Health, Bergen, Norway
4Department of Obstetrics and 
Gynecology, Helse More og Romsdal HF, 
Aalesund, Norway
5Faculty of Medicine and Health Sciences 
Administration, Norwegian University 
of Science and Technology, Trondheim, 
Norway
6Department of Public Health and 
Nursing, Norwegian University of Science 
and Technology, Trondheim, Norway

Correspondence
Sandra Julsen Hollung, Norwegian Quality 
and Surveillance Registry for Cerebral 
Palsy (NorCP), Vestfold Hospital Trust, PB 
2168, 3103, Tønsberg, Norway.
Email: sandra.julsen.hollung@siv.no

Abstract
Introduction: The aim was to investigate the risk, prevalence, and clinical characteristics 
of cerebral palsy among children born after assisted reproductive technology (ART) 
in Norway.
Material and methods: All liveborn children from 2002 to 2015 were included. 
Information was collected from the Medical Birth Registry of Norway, linked to the 
Norwegian Quality and Surveillance Registry for Cerebral Palsy as of December 
31, 2022. Logistic regression analyses were used to calculate the prevalence of 
cerebral palsy per 1000 live births after ART and natural conception with birth year 
as covariate, crude odds ratios (OR) for cerebral palsy among children born after 
ART using children born after natural conception as reference, and OR adjusted for 
potential confounders, with 95% confidence intervals (CI). Potential mediators of the 
association were studied in stratified analyses. Descriptive statistics were used to 
compare proportions in clinical characteristics among children with cerebral palsy 
born after ART and natural conception.
Results: Among 833 645 livebirths, 23 645 children were born after ART and of the 
latter 97 were diagnosed with cerebral palsy. The overall prevalence of cerebral palsy 
after ART was 4.10 per 1000 live births (95% CI 3.36–5.00), decreasing from 7.79 per 
1000 in 2002 to 3.55 in 2015. Compared with children born after natural conception, 
the OR for cerebral palsy was 2.01 (95% CI 1.63–2.47) adjusted for mother's age at 
birth, parity, and pre-pregnancy health. When restricted to singletons born at term, 
the adjusted OR for cerebral palsy was 1.13 (95% CI 0.76–1.69). The distribution 
of cerebral palsy subtypes and the severity of gross and fine motor function and 
associated impairments did not differ significantly between children with cerebral 
palsy born after ART and natural conception.
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1  |  INTRODUC TION

Cerebral palsy (CP) is a group of disorders of motor development that 
lead to activity limitation.1 The cause is a non-progressive injury in the 
developing brain.1 Based on the dominant neurological symptoms, CP 
is classified into spastic (unilateral or bilateral), dyskinetic, or ataxic CP 
subtypes.2 The motor disturbances are often accompanied by associ-
ated impairments.1 Known risk factors for CP are multiple pregnancies, 
preterm births, and intrauterine growth restriction.3 Some risk factors 
are associated with a specific CP subtype, such as preterm birth being 
associated with spastic bilateral CP.4 The prevalence of CP in high-
income countries (including Norway) in children born between 2010 
and 2014 is 1.6 per 1000 live births,5 significantly lower than 2.1 per 
1000 in children born in the 1980s to 1990s.6 The decline is attributed 
to improvements in antenatal, obstetric, and neonatal care.5

Assisted reproductive technologies (ART) include in vitro fertil-
ization (IVF) and intracytoplasmic sperm injection (ICSI) and subse-
quent embryo transfer.7 Several studies have reported increased use 
of ART over the past three decades in Europe and the USA.8–11 In 
Norway, approximately 5% of newborns are born after ART, with 
an increasing trend from around 1100 children in 2000 to 3100 in 
2019.12 The most common method of fertilization was IVF, whereas 
around 40% of children were conceived by ICSI.10 Previously, ART 
has been associated with an increased risk of complications due to 
multiple pregnancies after the transfer of more than one embryo by 
IVF and ICSI.13–15 However, from the beginning of the 2000s there 
have been advancements in ART treatment, including single embryo 
transfer, as well as improved embryo freezing and storage tech-
nology. This has led to a decrease in multiple pregnancies, and as a 
result, improvements in perinatal outcomes.10,13,14,16–19 Nonetheless, 
singletons born after ART have an increased risk of adverse perinatal 
outcomes compared with those born after natural conception.20

Several studies on children born in the 1980s to mid-2000s have 
shown a moderately increased risk of CP after ART, primarily at-
tributed to multiple pregnancies and preterm births.21–25 Yet, some 
of the studies reported no increased risk of CP after ART in children 
born as a singleton at term.22,24,25 A recent study reported a significant 
decrease in the risk of CP in children born 1990–2014 after ART in 
Sweden, Denmark, and Finland.26 This was attributed to a reduction 

in multiple pregnancies and preterm births. The risk of CP after ART in 
children born in Norway has not been previously reported.

Additionally, although previous studies have suggested that 
the higher risk of CP associated with ART was mainly attributed to 
preterm births and multiples, it has also been discussed whether 
ART, the causes of subfertility, or both, may involve a higher risk for 
CP.19 If this were the case, one might hypothesize that children with 
CP born after ART have dissimilar distributions of clinical character-
istics compared with children with CP born after natural conception. 
Two previous studies in Western Australia and Denmark did not find 
evidence for such differences.24,27

On this background, the main aim of this study was to explore 
the risk and prevalence of CP among Norwegian children born after 
ART since 2002. A secondary aim was to explore if the distribution 
of clinical characteristics differed between children with CP born 
after ART and natural conception.

2  |  MATERIAL AND METHODS

2.1  |  Study design and population

This study includes all Norwegian liveborn children between 
January 1, 2002 and December 31, 2015 who survived the first 
year of life. Information on ART, pregnancies, and subsequent 

Conclusions: Children born after ART had a risk of cerebral palsy that was twice that of 
children born after natural conception. The increased risk of cerebral palsy after ART is 
likely attributed to multiple pregnancies and preterm births. The prevalence of cerebral 
palsy after ART decreased significantly during the study period, despite an increased 
use of ART in the population. The distribution of clinical characteristics did not differ 
between children with cerebral palsy born after ART and those born after a natural 
conception, suggesting that the risk factors for, and causes of cerebral palsy were similar.

K E Y W O R D S
assisted reproductive technology, cerebral palsy, clinical characteristics, multiple pregnancy, 
preterm births

Key Message

There is still an increased risk of cerebral palsy associated 
with assisted reproductive technology (ART), mainly at-
tributable to multiple cpregnancies and children born pre-
term. Despite an increase in children born after ART, the 
prevalence of cerebral palsy after ART has decreased. The 
distribution of clinical characteristics suggests that risk 
factors for, and causes of cerebral palsy are similar in chil-
dren born after ART and natural conception.
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births was collected from the Medical Birth Registry of Norway 
(MBRN), a compulsory national health registry established in 
1967.28 Information on ART conception was collected from the ART 
registration form introduced in 2002. Information from the MBRN 
was linked to the Norwegian Quality and Surveillance Registry for 
Cerebral Palsy (NorCP) using the unique personal identification 
number of each Norwegian citizen. The NorCP is a consent-based 
national medical quality registry established in 2001, and records 
medical information on children with CP at the time of diagnosis, 
at age 5 years, and at age 15–17 years.29 Information in this study 
was collected as of December 31, 2022 from the NorCP registra-
tion form at age 5 years, when the CP diagnosis was confirmed.2 
The NorCP includes 93% of children with CP born in Norway from 
2002 to 2015.29,30 This was ascertained through validation studies 
on all CP diagnosis codes in the specialized healthcare services.29,30

2.2  |  Study variables

The main exposure was ART.7 The ART methods were categorized as 
IVF, ICSI, both IVF and ICSI (in the few cases where the fertility spe-
cialists are initially unsure if they are going to use IVF or ICSI, the eggs 
are divided and half are fertilized using IVF and the other half using 
ICSI), and unknown. Main infertility causes were categorized by the 
MBRN as fallopian tube factor, endometriosis, ovarian factor, paternal 
factor, and other (>1 main infertility cause and unknown). Information 
on the mother's health before pregnancy (asthma, chronic hyperten-
sion and kidney disease, rheumatoid arthritis, epilepsy, and diabetes) 
and during pregnancy (preeclampsia, placental detachment) were cat-
egorized as yes/no. The mother's parity was categorized as nulliparous 
(no previous birth) and parous (≥1 previous births). Plurality was cat-
egorized as singletons and multiples (twins and above) and mother's 
age at time of birth as <25, 25–39, and ≥40 years. Information on the 
birth included fetal position categorized as normal and other (breech, 
transverse, deviating, and other), and gestational age as preterm 
(<37 weeks) and term (≥37 weeks). Among children born after ART, 
gestational age was determined using the embryo transfer date, and 
for children born after natural conception, it was determined from an 
ultrasound around week 18. If information from the ultrasound was 
missing, gestational age was determined from the first day of the last 
menstruation. Birthweight was categorized as <1000, 1000–1499, 
1500–2499, and >2499 g, and Apgar score at 5-minutes as 0–3 (low), 
4–6 (moderate), and 7–10 (normal).

The primary outcome, CP, was defined according to Rosenbaum 
et al.1 CP subtypes were classified according to the Surveillance 
of Cerebral Palsy in Europe guidelines as spastic unilateral, spas-
tic bilateral, dyskinetic, ataxic, and mixed/unspecified.2 Gross 
motor function was categorized using the Gross Motor Function 
Classification System31 and fine motor function using the Manual 
Ability Classification System five-level scales.32 Epilepsy was de-
fined as yes (a minimum of two unprovoked seizures after the 
neonatal period)/no and severe feeding difficulties as use of gas-
trostomy tube feeding yes/no. Severe hearing impairments was 

defined as yes (loss >70 dB before correction on the best ear)/no 
and visual impairments as yes (blind, i.e., <6/60 (<0.1) before cor-
rection on the best eye)/no. Speech ability was categorized using 
the Viking Speech Scale,33 and cognitive function as normal, learn-
ing disorder (International Statistical Classification of Diseases 
and Related Health Problems, 10th revision (ICD-10) F80-81, F83), 
intellectual impairment (ICD-10 F70-73, F79 or clinical evaluation) 
or not testable.

2.3  |  Statistical analyses

Descriptive statistics were used to describe maternal and perinatal 
characteristics by conception type and plurality using numbers and 
proportions.

Logistic regression with birth year as covariate was used to esti-
mate the prevalence of CP per 1000 live births after ART and natural 
conception, and for singletons and multiples separately. Non-linear 
trends were accounted for using fractional polynomials with birth 
year as covariate.

Descriptive statistics were used to compare the number of chil-
dren with and without CP born after ART and natural conception, as 
well as per term/preterm and combinations of term/preterm single-
tons and multiples separately. The numbers were used to calculate the 
prevalence of CP per 1000 live births with 95% confidence intervals 
(CI) after ART and natural conception, and per term/preterm and com-
binations of term/preterm singletons and multiples. Logistic regression 
analyses were used to calculate crude odds ratios (OR) for CP with 
95% CI among children born after ART compared with children born 
after natural conception, and OR adjusted for potential confounders 
(Figure  S1). Potential mediators of the association were studied in 
stratified analyses. Adjusting for possible mediators, including multi-
ple pregnancies and preterm birth are in general not recommended.34

Descriptive statistics were used to compare the total number of 
children born after ART with children with CP after ART, by ART 
method and main infertility cause. The numbers were used to calcu-
late the prevalence of CP per 1000 live births with 95% CI per ART 
method and main infertility cause.

Descriptive statistics were used to compare proportions in clini-
cal characteristics among children with CP born after ART and natu-
ral conception. Pearson chi-squared was used for nominal categorical 
and dichotomous variables, linear-by-linear association for ordinal 
continuous variables and Fisher's exact test where appropriate.  
Values of p below 0.05 were regarded as statistically significant.

Statistical analyses were performed using SPSS (IBM Corp. 
Released 2021; IBM SPSS Version 28.0) and Stata (StataCorp. 2021; 
Stata Statistical Software: Release 17).

3  |  RESULTS

Among 833 645 children born alive in Norway from 2002 to 2015, 
23 645 were born after ART. Among the latter, 17 941 (75.9%) were 
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singletons and 5704 (24.1%) were multiples. Figure 1 shows that the 
proportion of children born after ART increased from 2002 to 2015. 
Figure 1 also shows that the proportion of children born after ART 
as a singleton increased while the proportion of children born after 
ART as a multiple decreased. Among 810 000 children born after 
natural conception, 786 876 (97.1%) were singletons and 23 124 
(2.9%) were multiples.

3.1  |  Maternal and perinatal characteristics

Mothers treated with ART were in good general health before preg-
nancy (Table  S1). Yet, they were somewhat older, and more often 
had preeclampsia and a multiple pregnancy than mothers who did 
not receive ART (Table S1). Children born after ART were more often 
born preterm (18.0%) and with a birthweight ≤2499 g (15.3%) than 
those born after natural conception (6.3% and 4.5%, respectively) 
(Table S1).

3.2  |  Risk and prevalence of CP among children 
born after ART and natural conception

Among the 23 645 children born after ART, 97 children were di-
agnosed with CP, and of the latter 44 (45.4%) were singletons and 
53 (54.6%) were multiples. The overall prevalence of CP after ART 
was 4.10 per 1000 live births (95% CI 3.36–5.00). Figure 2A shows 
a decrease in the prevalence of CP among children born after ART 
from 7.79 per 1000 in 2002 to 3.55 per 1000 in 2015 (p < 0.001). 
The overall prevalence of children with CP born after ART as a mul-
tiple was 2.24 per 1000 live births (95% CI 1.71–2.93), decreasing 

significantly from 5.19 per 1000 in 2002 to 1.52 per 1000 in 2015 
(p < 0.001), whereas the prevalence of children with CP after ART as 
a singleton remained stable around 1.9 per 1000 live births (95% CI 
1.4–2.5; p = 0.477). Table 1 shows the prevalence of children with 
CP per 1000 live births per conception type stratified by gestational 
age and plurality.

Among the 810 000 children born after natural conception, 1556 
were diagnosed with CP, and of the latter 1395 (89.7%) were sin-
gletons and 161 (10.3%) were multiples. The overall prevalence of 
CP after natural conception was 1.92 per 1000 live births (95% CI 
1.83–2.02). Figure 2B shows a decrease in the prevalence of CP after 
natural conception from 2.17 per 1000 in 2002 to 1.14 per 1000 in 
2015 (p < 0.001).

The risk for CP among children born after ART was twice that in 
children born after natural conception (Table 1). When adjusted for 
mother's age at birth, pre-pregnancy health, and parity in a multi-
variable analysis, the results were essentially unchanged (Table 1). 
Among singletons born at term or preterm, the odds for CP were 
marginally higher with confidence intervals on both sides of 1.0. 
After restriction to multiples, children born at term after ART had 
nearly 50% higher odds of CP compared with children born at term 
after natural conception (Table 1). Moreover, both overall and after 
restriction to multiples, children born preterm after ART had an 
approximately 30% higher odds of CP compared with children born 
preterm after natural conception (Table  1). Yet, among multiples 
born at term or preterm, confidence intervals were on both sides 
of 1.0.

There was no definitive difference in the prevalence of CP 
between children born after IVF versus ICSI, nor between ART-
conceived children with different parental causes of infertility 
(Table 2). Table 2 shows that ovarian factors were the main cause 

F I G U R E  1  Trends in the proportion of children born after assisted reproductive technology (ART) in Norway.
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    |  5CARLSEN et al.

of infertility among mothers of children with CP born after ART 
compared with all ART-conceived children, followed by endometri-
osis. Furthermore, the prevalence of maternal infertility causes was 
higher than paternal causes (Table 2).

3.3  |  Clinical characteristics among children with 
CP born after ART

We found no differences in the distribution of CP subtypes between 
children with CP born after ART and natural conception (Table 3). 
Among children with spastic CP, however, the proportion with bilat-
eral CP born after ART (51 of 83; 61%) was higher than those born 
after natural conception (676 of 1372 children; 49%). Other clinical 

characteristics including gross and fine motor function and associ-
ated impairments (i.e., epilepsy, gastrostomy tube feeding, severe 
visual and hearing impairments, speech difficulties, and cognitive 
impairments) did not differ between children with CP born after ART 
and natural conception (Table 3).

4  |  DISCUSSION

The prevalence of CP in children born after ART was approxi-
mately twice as high as after natural conception in Norwegian live-
born children 2002 to 2015. Yet, the absolute risk (4.1 per 1000 
live births) was low. The increased risk was most likely attributed 
to the significantly higher proportion of multiple pregnancies and 

F I G U R E  2  Trends in prevalence of children with cerebral palsy (CP) born after (A) assisted reproductive technology (ART) and (B) natural 
conception in Norway. Each point is the actual prevalence. The solid line represents predicted CP prevalence using logistic regression with 
fractional polynomials, and the shaded area denotes 95% confidence interval (CI).
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children born preterm. Among children born at term as singletons 
we found no increased risk for CP associated with ART. Despite a 
significant increase in the use of ART during the study period, the 
prevalence of CP after ART decreased. We found no differences 
in the distributions of CP subtypes, motor function and associated 

impairments between children with CP born after ART and natural 
conception.

A strength of this study is that information on ART, preg-
nancies, births, and CP were recorded prospectively and inde-
pendently in the MBRN and NorCP. As of January 1, 2002, the 
Medical Birth Registry Regulation came into force, making noti-
fication of all pregnancies after week 12 mandatory,28 increasing 
the completeness and quality of data reported to the MBRN. This 
included the requirement to report information on ART treat-
ments that result in a pregnancy on the ART registration form 
introduced in 2002.28 The information on CP collected from the 
NorCP has a documented high degree of completeness (93%) and 
is based-on internationally recognized criteria and classification 
systems.29,30 The remaining 7% of Norwegian children with CP 
not recorded in the NorCP was evenly distributed throughout the 
study period.30

Our results suggested 100% higher odds for CP in children 
born after ART compared with natural conception, and the con-
fidence intervals were well above 1.0. In addition, the ORs were 
similar, indicating that the available confounders had no strong 
impact on the associations. However, we cannot rule out that 
there may be other unidentified confounders that we did not 
investigate. We did not adjust for colliders (multiple pregnancies 
and gestational age), as this can introduce selection bias. Data 
on children who died or emigrated after the first year of life, but 
before receiving a CP diagnosis, are included in the population 
without CP. However, because of both improvements in perina-
tal outcomes, including stillbirths and infant mortality, after ART 
in Nordic populations and the low number of children who have 

TA B L E  1  Prevalence per 1000 livebirths and odds for cerebral palsy among children born in Norway from 2002 to 2015.

Conception type

CP Without CP CP per 1000 LB Crude OR Adjusted OR*

N N (95% CI) (95% CI) (95% CI)

Total population ART 97 23 548 4.10 (3.36–5.00) 2.14 (1.74–2.63) 2.01 (1.63–2.47)

Natural 1556 808 444 1.92 (1.83–2.02)

Term born ART 31 19 354 1.60 (1.13–2.27) 1.27 (0.89–1.81) 1.20 (0.84–1.72)

Natural 954 754 268 1.26 (1.19–1.35)

Term-born singletons ART 25 16 479 1.52 (1.03–2.24) 1.20 (0.84–1.72) 1.13 (0.76–1.69)

Natural 937 742 470 1.26 (1.18–1.35)

Term-born multiples ART 6 2875 2.09 (0.96–4.55) 1.45 (0.57–3.68) 1.49 (0.57–3.91)

Natural 17 11 798 1.44 (0.90–2.31)

Preterm-born ART 66 4194 15.74 (12.39–19.97) 1.33 (1.03–1.72) 1.32 (1.02–1.71)

Natural 591 49 995 11.82 (10.91–12.81)

Preterm-born singletons ART 19 1418 13.40 (8.59–20.83) 1.17 (0.74–1.85) 1.15 (0.72–1.83)

Natural 447 38 947 11.48 (10.47–12.58)

Preterm-born multiples ART 47 2776 16.93 (12.76–22.44) 1.30 (0.93–1.81) 1.29 (0.92–1.81)

Natural 144 11 048 13.03 (11.08–15.32)

Abbreviations: ART, assisted reproductive technology; CI, confidence interval; CP, cerebral palsy, LB, live birth; OR, odds ratio.
*Parity, mother's health before pregnancy (one or more of following conditions: asthma, chronic hypertension, chronic kidney disease, rheumatoid 
arthritis, epilepsy, diabetes mellitus) and mother's age at birth. Gestational age missing in 0.5% of children born by natural conception.

TA B L E  2  Prevalence per 1000 livebirths for cerebral palsy 
among children born in Norway from 2002 to 2015, after various 
methods of assisted reproductive technology and main causes of 
infertility.

CP after 
ART N

All after 
ART N

CP per 1000 LB 
(95% CI)

ART methods

IVF 62 13 086 4.74 (3.70–6.07)

ICSI 31 10 190 3.04 (2.14–4.31)

IVF and ICSI 2 152 13.16 (3.62–46.70)

Unknown 2 217 9.22 (2.53–32.98)

Main infertility causes

Maternal 48 8382 5.73 (4.32–7.58)

Fallopian tube 
factor

17 3373 5.04 (3.15–8.06)

Endometriosis 12 2093 5.73 (3.28–10.00)

Ovarian factor 19 2916 6.52 (4.18–10.15)

Paternal 29 9072 3.20 (2.23–4.59)

Other 20 6191 3.23 (2.09–4.98)

Abbreviations: ART, assisted reproductive technology; CP, cerebral 
palsy; ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization; 
LB, live birth.
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emigrated from Norway, we believe that this has not influenced 
our results.16,35

A limitation of this study is the lack of detailed information, an 
inherent feature of register-based data. In particular this is a limitation 
regarding infertility causes and ART methods. Moreover, the confi-
dence intervals regarding infertility causes and ART methods were wide 
and overlapping, and these results should be interpreted with caution.

We found that the prevalence of CP among Norwegian children 
born after ART from 2002 to 2015 was 4.1 per 1000 live births, double 
the prevalence of children born after natural conception (1.9 per 1000). 
Similar findings were published in a Nordic study (Sweden, Denmark, 
and Finland), reporting a prevalence of CP of 4.4 per 1000 children 
born after ART from 2003 to 2014.26 The authors reported a marked 
decrease in the prevalence of CP associated with ART from 6.0 per 
1000 in 2003–2006 to 3.4 in 2011–2014, compared with 7.8 per 1000 
in 2002 to 3.6 in 2015 in our study. In an Australian study, the preva-
lence of CP among children born after ART was 7.2 per 1000 live births 
from 1994 to 2002 compared with 2.5 per 1000 after natural concep-
tion.24 In our study, we also found an increased use of ART in Norway 
during 2002–2015, which is in line with several studies.8–11,15–18 Also 
in line with previous studies, we found that singleton children born at 
term after ART had no increased risk of CP.24–27

TA B L E  3  Distribution of cerebral palsy subtypes, motor function 
levels and associated impairments among children born in Norway 
from 2002 to 2015 after assisted reproductive technology and 
natural conception.

CP after 
ART N (%)

CP after natural 
conception N (%)

97 (100) 1556 (100) p value

CP subtype 0.202

Spastic unilateral 32 (33.0) 696 (44.7)

Spastic bilateral 51 (52.6) 676 (43.4)

Dyskinetic 6 (6.2) 100 (6.4)

Ataxic 6 (6.2) 61 (3.9)

Mixed/unspecified 2 (2.1) 23 (1.5)

GMFCS 0.480

I 45 (49.5) 846 (55.4)

II 16 (17.6) 238 (15.6)

III 8 (8.8) 103 (6.7)

IV 10 (11.0) 133 (8.7)

V 12 (13.2) 208 (13.6)

Total 91 (100) 1528 (100)

Missing* 6 (6.2) 28 (1.8)

MACS 0.852

I 41 (45.6) 616 (42.3)

II 16 (17.8) 411 (28.2)

III 19 (21.1) 160 (11.0)

IV 2 (2.2) 97 (6.7)

V 12 (13.3) 171 (11.8)

Total 90 (100) 1455 (100)

Missing* 7 (7.2) 101 (6.5)

Epilepsy 0.368

Yes 23 (25.3) 429 (29.7)

No 68 (74.7) 1015 (70.3)

Total 91 (100) 1444 (100)

Missing* 6 (6.2) 112 (7.2)

Gastrostomy 0.472

Yes 14 (15.7) 187 (13.1)

No 75 (84.3) 1244 (86.9)

Total 89 (100) 1431 (100)

Missing* 8 (8.3) 125 (8.0)

Severe visual 
impairment

0.452

Yes 4 (4.9) 84 (6.0)

No 78 (95.1) 1311 (94.0)

Total 82 (100) 1395 (100)

Missing* 15 (15.5) 161 (10.4)

Severe hearing 
impairment

0.302

Yes 3 (3.5) 31 (2.2)

(Continues)

CP after 
ART N (%)

CP after natural 
conception N (%)

97 (100) 1556 (100) p value

No 82 (96.5) 1385 (97.8)

Total 85 (100) 1416 (100)

Missing* 12 (12.4) 140 (9.0)

Viking speech scale 0.532

I 43 (47.8) 772 (54.2)

II 18 (20.0) 227 (15.9)

III 14 (15.6) 175 (12.3)

IV 15 (16.7) 250 (17.6)

Total 90 (100) 1424 (100)

Missing* 7 (7.2) 132 (8.5)

Cognitive function 0.073

Normal 52 (61.2) 687 (56.1)

Learning disorder 12 (14.1) 176 (14.4)

Intellectual 
impairment

11 (12.9) 281 (22.9)

Not testable 10 (11.8) 81 (6.6)

Total 85 (100) 1225 (100)

Unable to 
determine 
from test

0 (0) 65 (4.2)

Missing* 12 (12.4) 266 (17.1)

Abbreviation: ART, assisted reproductive technology; CP, cerebral 
palsy; GMFCS, Gross Motor Function Classification System; MACS, 
Manual Ability Classification System.
*Percent of total number.

TA B L E  3  (Continued)
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8  |    CARLSEN et al.

As shown in Table 2, there was no difference in the prevalence 
of CP among children born after IVF and ICSI. This finding is in 
line with two Danish studies.22,36 Several studies have analyzed 
the risk of CP among children born after IVF and reported an 
increased risk of CP after IVF varying from 1.8 to 2.0, which fits 
well with our findings.21,23

We did not find significant differences in CP subtypes, motor 
function, or associated impairments between children with CP born 
after ART and natural conception, consistent with two studies in 
Western Australia24 and Denmark.27

A likely explanation for the increased risk of CP among children 
born after ART was the large proportion of preterm births, in partic-
ular children born preterm as multiples. In support of this, we found 
no increased risk of CP after ART among singleton children born at 
term. This is also reflected in several studies where single embryo 
transfer in IVF became consensus in lieu of double embryo transfer, 
as well as better freezing techniques, which have resulted in a sig-
nificant decrease in multiple and preterm births.8–11,15–18 The reduc-
tion of multiples as a result of improved ART techniques,8–11,15–18 as 
well as improvements in perinatal medicine in general,37 most likely 
explain the decrease in the prevalence of CP among children born 
after ART, despite an increasing use of ART.

In the decision to recommend ART, one may take into account 
the higher risk for CP associated with ART. However, the abso-
lute risk is low. When parents are concerned about the progno-
sis of their newborn baby, parents of a singleton can be reassured 
that the risk of CP is similar to that of other newborns. If the child 
after ART is born preterm, there is a marginally higher risk for CP 
compared with children born preterm after natural conception. 
However, in these cases the prognosis will likely depend more on 
the health status of the newborn and/or complications to treat-
ment than on the use of ART.

The finding that the distribution of CP subtypes did not differ 
significantly between children born after ART and natural concep-
tion suggests that the already known general causes that lead to CP, 
also are the main causes of CP in children born after ART. The trend 
towards more children with the spastic bilateral CP subtype in the 
latter group is reasonable because preterm birth is associated with 
this CP subtype.

5  |  CONCLUSION

Despite the increased relative risk of CP among Norwegian chil-
dren born after ART, the absolute risk was low. If a child of a 
mother who was treated with ART was born a singleton at term, 
there was no increased risk for CP. In addition, although there was 
a significant increase in the proportion of children born after ART, 
the prevalence of CP after ART decreased significantly. Thereby, 
the proportion of children born after ART without CP has in-
creased. Moreover, the comparison of clinical characteristics sug-
gests that the risk factors for, and causes of CP after ART and 
natural conception were similar.
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