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ARTICLE INFO ABSTRACT

Article history: Background: Since 1978 many children are born thanks to assisted reproductive technology (ART).
Received 26 June 2023 However, the long-term effects of these therapies are still not fully known. Our objective is to evaluate
Accepted 23 December 2023 the risk of cerebral palsy (CP) after ART compared with that in those spontaneously conceived (SC) and to

Available online 30 December 2023 examine this risk in single, multiple, and preterm births and the evolution of the risk over the years.

Methods: PubMed, Embase, and Web of Science databases were searched until December 2022. Studies
were included if they studied CP cases in children born through ART. 16 studies were finally selected.
Quality of studies was assessed using Newcastle Ottawa Scale. Pooled OR was estimated by weighting
individual OR/RR by the inverse of their variance. A random-effect model was applied. To assess the
causes of heterogeneity, we performed meta-regression analyses.
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Cerebral palsy Results: A significantly high risk of CP was found (OR = 1.27; 95% CI 1.12 to 1.43) in children born through
Brain damage ART compared with those SC. This risk increased in singletons (OR = 1.48; 95% CI 1.23 to 1.79) but
Neurodevelopment disappeared in multiple (OR = 1.05; 95% CI 0.93 to 1.18) and preterm births (OR = 1.09; 95% CI 0.87 to

1.37). We found a higher risk of CP in children born before the year 2000 (OR = 3.40; 95% CI 2.49 to 4.63).

Conclusions: ARTs slightly increase the risk of CP once the effect of multiple gestation is controlled.

Further studies are needed to clarify whether the techniques themselves, fertility problems, or associated

maternal comorbidities are responsible for this risk.

© 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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controversy regarding the development of these children long
term.* Despite the significant advances that have occurred in the
last 40 decades in this field, the effect of ART on the developing
human brain is still unclear,” as well as the relationship they may
have in the development of cerebral palsy (CP).

CP is a group of permanent but not immutable disorders of
movement and/or posture and motor function due to nonpro-
gressive interference, injury, or abnormality of the developing/
immature brain.® The average incidence of CP is estimated to be
around 1.5 to 3 per 1000 births, with a decrease in recent years.’
However, the incidence varies according to the group of patients
and depends on several risk factors.® These risk factors include
prenatal factors, such as multiple gestations or intrauterine growth
retardation; perinatal factors, such as prematurity and low birth
weight; and postnatal factors. There is evidence that ART is asso-
ciated with an increased risk of multiple gestations,® preterm
births, and low birth weight,'®'" and these have been associated
with increased CP rates.'? The results of the investigations indicate
that, contrary to previous beliefs,”> perinatal pathology is less
important in the etiology of CP,'* estimating that 75% of cases are of
prenatal cause.® On the other hand, current estimates indicate that
up to 30% of cases may have genetic causes.”” Considering that the
procedures employed in ART involve multiple manipulations of
gametes and embryos during critical window periods in epigenetic
reprogramming, some researchers also question whether ART can
induce epigenetic modifications that contribute to neuro-
developmental disorders.'>'®

The three previously published meta-analyses obtained a
double overall relative risk of CP after ART approximately. However,
none of the included studies were adjusted for the type of preg-
nancy, so the influence of this factor on that estimation cannot be
ruled out. The effect in premature babies shows discrepant results.
Table 1 summarizes the main characteristics of these meta-
analyses. Several additional observational studies have appeared
after the publication of the last meta-analysis,’®>> which only
included articles up to 2019.

The objective of this study is to evaluate the risk of developing
CP in children conceived by ART compared with those spontane-
ously conceived (SC) while controlling for the confounding effect of
the type pregnancy and incorporating the new studies conducted
since the publication of Wang's meta-analysis. Thus, we will obtain
a more valid and reliable measure of the overall effect of these
techniques compared with previous meta-analyses. We also eval-
uated the risk in single and multiple gestations and in preterm
infants and the evolution of this risk over time.

17-19

TABLE 1.
Characteristics of Previous Meta-Analyses
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Material and Methods

We followed the PRISMA guidelines to report our findings.>*

Search strategy

Literature search was carried out through Pubmed, Embase, and
Web of Science databases. Articles published up to December 2022
were reviewed. The following keywords were used as search terms:
(Assisted reproductive techn* OR ART OR ICSI or Intracytoplasmic
sperm injection OR IVF OR in vitro fertilization OR ovodonation)
AND (cerebral palsy OR brain damage)) AND (offspring OR children
OR childhood OR infant OR newborn). In addition, a search for
possible articles was carried out, reviewing the references of some
of the articles found. Search strategy was carried out independently
by two authors (A.C.-l. and J.C.-F.).

Inclusion and exclusion criteria

Studies that met the following criteria were included: studying
neurodevelopment and CP cases in children born through ART;
study population included children conceived by any ART, without
excluding any type; cohort and case-control studies using SC chil-
dren as a comparison group; and estimated effect calculated in
odds ratio (OR), relative risk (RR), or hazard ratio (HR). No language
restrictions were applied.

Reviews, systematic reviews, comments, communications to
conferences, book chapters or letters to the editor, studies per-
formed with nonhuman samples, and all those articles without
information to carry out the analysis were excluded. Applying these
criteria and after a complete and exhaustive review, 14 articles were
selected2?%%3253%; two more were added through additional
searches."?? If more than one paper involved or included the same
population, then the most comprehensive and recent study was
selected.

Data extraction

A database was created with the relevant information extracted
from each article: author, year of publication, country of origin, type
of study, type of ART studied, type of pregnancy, type of birth, years
of follow-up, RR/OR with its 95% confidence interval (CI), and
sample size. The quality of the article was evaluated according to
the criteria of the Newcastle Ottawa Scale (NOS).>” Data extracted
from the included studies are shown in Table 2.

Author Year  Number of Provenance of Studies Design of the Studies Type of Technique Type of Pregnancy  RR/OR (95% CI)
Included Studies Included Studied

Wang F'7 2021 9 Scandinavian countries  Case & controls: 2 All ART All 2.17 (1.72-2.74)
5 (Finland 2, Denmark Cohort: 7 Singletons 1.36 (1.16-1.59)
1, Norway 1, Sweden 1), Multiples 1.05 (0.86-1.29)
Australia 3, Israel 1 Preterm 1.53 (0.66-3.56)

Djuwantono T'® 2020 5 Scandinavian countries  Case & control 1 All ART All 1.82 (1.41-2.34)
3 (Denmark 2, Sweden Cohort 4 Preterm 3.01 (2.8-3.24)
1), Australia 2 Birth weight 2.33 (2.18-2.50)

Hvidtjorn D'° 2009 9 Scandinavian countries  Cohort: 9 All ART All 2.18 (1.71-2.77)
8 (Finland 1, Sweden 3, Singletons 1.82 (1.31-2.52)
Denmark 4), Croatia 1 Multiples 1 (0.65-1.52)

Abbreviations:

ART = Assisted reproductive technology
CI = Confidence interval

OR = 0dds ratio

RR = Relative risk
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Statistical analysis

Pooled OR were estimated by weighting individual OR by the
inverse of their variance. A random-effect model was applied given
that the number of studies included in the analysis was lower than
25. Heterogeneity was calculated using the Q and I? statistics. The
presence of publication bias was explored with graphical (funnel
plot) and statistical techniques (Egger test). Separately, we analyzed
the studies carried out in preterm births.?%2123:26-28.35

Results are displayed as forest plots showing OR and their 95%
Cl for each individual study and for the pooled result. We
developed stratified analysis according to: (1) the type of preg-
nancy (classified as singleton and multiple), (2) the period of
recruitment (considering recruitment as the selection period of
the patients for study; on the one hand, studies with data
collected before year 2000 and on the other, those collected
before and after year 2000), and (3) the quality of the included
studies (assessed with the NOS). To assess the causes of het-
erogeneity, we performed meta-regression analyses including
the year of recruitment, the proportion of effect in the reference
group, and the quality of the studies as predictor variables.
Finally, a sensitivity analysis was also carried out including only
high-quality studies (NOS >7).38

All the statistical analyses were carried out with the package
Stata 16/SE (Stata Corporation, College Station, TX, USA).

Pediatric Neurology 152 (2024) 115—124

Results
Study characteristics

Our meta-analysis includes 16 studies: 11 retrospective cohort
studies,!-232>26:28-313536 four prospective cohort studies,?%*73%33
and one case-control study.>* A flowchart of the literature search
process is shown in Fig 1.

Table 2 summarizes the main characteristics of the included
articles. These studies were published between 2002 and 2022,
although data collection dates are longer, from 1986 in some
studies?® to 2016 in others.”! As shown in Table 2, most of the
studies analyzed (11 publications of 16) work with a population
from the Nordic countries.???>25-36 Four studies collect data from
live newborns in single gestations®'=*; three of the included
studies*®?"** study only preterm newborns of less than 29°%! and
between 24 and 34 gestational weeks (GW),?> respectively. Finally,
another four studies analyze the risk of CP including a subgroup of
premature infants.?%283>

Exposure

Nine of the studies included in this meta-analysis examine the
combined effect of different ART techniques’’232>-273435 and
seven analyze the effect of a specific technique: IVF?/2931-33.36 op
ovulation induction (OI).2%3%31

(n=16)

— the quantitative synthesis
(meta-analysis)

£
Number of records identified through Number of additional records identified
= database searches through othersources
= (n=776) (n=2)
&
-
c
o
—— Number of records after removing duplicates
@ (n=612)
w
=
c l Excluded records:
§ (n=578)
a Number of records screened *Titleand abstract: 531
(n=612) > | eStudy design: 45
eOthers: 2
~—
0 l
g Numberoffullte)ﬁtf:lr_ti_cles evaluated Full-text articles excluded for
:E for eligibility —» | notmeetinginclusion criteria
- (n=36) (n=20)
3
) l
—
Number of studiesincludedin
the qualitativesynthesis
= (n=16)
2
w
3
: l
=
Number of studiesincluded in

FIGURE 1. Flowchart. The color version of this figure is available in the online edition.
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Outcome

13 of the 16 studies’>*>® include CP diagnoses from national
registries. The diagnostic codes of seven of them follow the Interna-
tional Classification of Diseases (ICD)-10 and ICD-9.2>?3-3133.36 Ope of
them establishes the diagnoses according to the recommendations of
the Surveillance of Cerebral Palsy in Europe> and another according to
the Birth Paediatric Association,>> which is a modification of the ICD.
Four of them do not refer to the diagnostic criteria followed in their
records.”®?”323*4 Three of the included studies’®?'?* establish the
diagnosis of CP in the selected patients. The studies carried out by
Roychoudhury et al?' and Verhaeghe et al.?> follow the diagnostic
criteria of the Gross Motor Function System, and the one carried out by
Abdel-Latif et al.”® follows the Griffiths Mental Developmental Scales>’
or Bayley Scales of Infant Development-114“° criteria.

Baseline characteristics and potential confounders

Most studies in this meta-analysis found that women undergoing
ART had higher maternal age®?2325-2729-3133 and a greater incidence
of pregnancy complications such as hospital treatment during
pregnancy,”®>? diabetes,?%>'?>3! or urinary tract infections®>?’
compared with those not undergoing ART (natural conceived).
More information is collected in Supplementary Table 1. Addition-
ally, studies considering smoking habits?'"2>?>2728 and socioeco-
nomic factors®'?>2>27293034 reyealed higher socioeconomic status
and fewer mothers smoking during pregnancy in the ART group. To
address potential confounding effects related to the mother's
condition, most of the studies included maternal age at delivery as an
adjustment variable in their analyses. Five studies adjusted
for parity.262°303334 However, only two articles?>! were adjusted
for obstetrics or medical conditions such as diabetes or
hypertension. Other variables commonly incorporated for statistical
adjustment into the multivariable models were the child's
gender, 2022527333436 preterm birth, 2”436 smoking?! 23252728 or
socioeconomic  status,?>32527293034 gply two of the articles
included in the meta-analysis®>*> did not perform statistical ad-
justments. A summary of all the confounding factors considered by
each article can be found in Supplementary Table 2.

Data analysis

To assess the overall risk of CP we used two different strategies.
First, we combined the results of the nine studies that provided an
overall analysis of the effect of ART regardless of the type of

Pediatric Neurology 152 (2024) 115—124
pregnancy.?>?°303536  This analysis showed that children
conceived by ART had twice the risk of CP than those SC (OR = 2.18,
95% CI 1.68 to 2.82) (Supplementary Figure 1a).

The heterogeneity between the included studies was high (I?
86.41%, P < 0.0001). The funnel plots show asymmetry observing a
high risk of publication bias (Egger test: z = 2.86 P = 0.0042)
(Supplementary Figure 1b).

As an alternative analysis, to avoid the confounding effect of
multiple gestations, we excluded studies carried out without taking
into account the type of pregnancy. With this approach we
observed a significant decrease in the strength of association,
OR = 1.27 (95% CI 1.12 to 1.43) (Supplementary Figure 2a).

The heterogeneity of the studies included in this case was lower
(I = 37.30%, P = 0.000). The funnel plots were fairly symmetric
(Supplementary Figure 2b), although Egger test cannot rule out a
small-study effect (Egger test: z = 2.87 P = 0.004). Results are
shown in Table 3.

To calculate the stratified risk of CP in singletons, results from 12
articles were included,?>?>3436 excluding studies on premature
population®’??3 and those that did not specify the type of preg-
nancy.>® A significant risk association was found, OR = 1.48 (95% CI
1.23 to 1.79) (Fig 2).

The strongest association was shown by Stromberg et a
(OR = 2.80 [95% CI 1.33 to 5.91]). Only one of the studies assessed>!
showed a nonstatistically significant protective association between
ART and CP in singletons, OR = 0.92 (95% CI 0.30 to 2.87). A moderate
heterogeneity was found, I> = 54.03%, P = 0.006. On the other hand,
when evaluating the risk of ART in multiple gestations, we found no
association with the development of CP, OR = 1.05 (95% CI 0.93 to 1.18).
The eight studies analyzed?>?>%3¢ did not show heterogeneity with
I? = 0.0%, P = 0.99. Only one study®® obtained an increased risk, not
statistically significant, OR = 1.52 (95% CI 0.43 to 5.39). Results are
shown in Table 3. Finally, when analyzing the effects of IVF and OI
techniques separately, no differences in the strength of the association
between IVF and CP were observed (OR 1.29,95% CI 1.07 to 1.56), and for
OI (OR 1.25, 95% CI 0.95 to 1.65), with a test rejecting differences be-
tween groups, Q test = 0.02, P = 0.89 (Supplementary Figure 3).

10

CP risk after ART conception according to recruitment period and
study quality

We found a progressive decrease in CP risk with evolution over
time. For this analysis we grouped the studies according to year of

TABLE 3.
Results From Our Meta-Analysis
Subgroup Exposition Number of Studies Number of Patients RR (95% CI) 12 (%)
Type of birth All 20 9,337,852 1.27 (1.12-1.43) 37.30
Singletons 12 9,074,672 1.48 (1.23-1.79) 54.03
Multiple births 8 263,180 1.05 (0.93-1.18) 0.00
Year of recruitment Before 2000 6 83,416 1.61 (1.09-2.36) 8.16
Before & after 2000 14 9,245,935 1.23 (1.09-1.38) 40.19
Quality (singletons) Moderate (NOS = 6) 2 688,867 1.60 (0.97-2.63) 14.43
High (NOS >7) 10 8,385,805 1.47 (1.20-1.81) 56.40
All 10 205,493* 1.09 (0.87-1.37) 30.76
Preterm Singletons 3 12,849* 1.35(0.70-2.61) 41.15
Multiple births 2 3363 0.83 (0.37-1.85) 0.00
Extreme preterm 5 11,334 0.99 (0.72-1.37) 36.44

Abbreviations:

ART = Assisted reproductive technology

CI = Confidence interval

CP = Cerebral palsy

NOS = Newcastle Ottawa Scale

RR = Risk ratio

CP risk after ART conception according to type of gestation.
* Data from one study®® not available.
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Odds ratio Weight

Study with 95% CI (%)
Singletons
Stromberg,2002 ———=———280[1.33, 591 229
Lidegaard,2005 — 1.80[1.18, 2.75] 5.71
Klemetti, 2006 - 1.15[0.40, 329] 1.23
Reid,2009 —_—— 1.19[063, 2.24] 3.05
Klemetti, 2010 ——a———  209[1.03, 425] 251
Kallen,2010 - 1.23[0.96, 1.58] 10.59
Hvidtjorn, 2010 - = 1.21[0.90, 1.62] 9.00
Pinborg,2010 = 244[115,520] 225
Davies, 2012 . 222[1.35 364] 455
Goldsmith,2018 2.00[1.06, 3.77] 3.06
Levin,2019 8 0.92[0.30, 2.87] 1.07
Spangmose, 2021 . 1.11[0.99, 1.25] 16.33
Heterogeneity: T = 0.04, I = 54.03%, H* = 2.18 <> 1.48[1.23, 1.79]
Test of .= 6 Q(11) = 23.93, p = 0.01
Multiple births
Stromberg,2002 —a 090[0.42, 1.91] 227
Klemetti, 2006 = 152[0.43, 539] 087
Hvidtjorn, 2010 om 1.07[0.69, 1.65] 548
Kallen,2010 - 0.99[0.74, 1.33] 9.02
Klemetti, 2010 1.23[0.27, 558] 062
Davies,2012 1.39[0.69, 279] 261
Goldsmith,2018 —_—— 1.00[0.49, 2.05] 2.46
Spangmose, 2021 . 1.05[0.91, 1.22] 15.04
Heterogeneity: T = 0.00, I = 0.00%, H’ = 1.00 < 1.05[0.93, 1.18]
Test of .= 6; Q(7) = 1.34, p = 0.99
Overall & 127[1.12, 1.43]
Heterogeneity: 1° = 0.02, I = 37.30%, H = 1.59
Test of 8. = 6: Q(19) = 30.30, p = 0.05
Test of group differences: Q.(1) =9.27, p=0.00

" o1 2 4

Random-effects DerSimonian-Laird model

FIGURE 2. Forest plot of the association between assisted reproductive technology and cerebral palsy by type of pregnancy (single or multiple birth). The color version of this figure

is available in the online edition.

recruitment: on the one hand, studies with participant recruitment
before year 2000 exclusively’®>%3% and on the other, studies with
recruitment of participants for study before and after year 2000,
thus overlapping both periods.?>%°2831-34 Tg avoid the confound-
ing effect of the type of birth we performed the analysis selecting
only studies in which the type of birth is controlled. Studies con-
ducted on premature population were excluded.?>*"** Risk found
for studies with recruitment before year 2000 was multiplied by
1.61 (95% CI 1.09 to 2.36), presenting in the combined studies a low
heterogeneity, I> 8.16%, P = 0.36. The strongest risk association was
provided by Stromberg et al.>® with an OR 2.80 (95% CI 1.33 t0 5.91).
On the other hand, when separately analyzing the studies with
recruitment in both periods (before and after year 2000), a decrease
in the strength of association is noted, OR = 1.23 (95% CI 1.09 to
1.38), with a heterogeneity of I> = 40.19%, P = 0.06. The highest risk

120

was shown by Pinborg et al.>* with an OR = 2.44 (95% CI 1.15 to
5.40). Results are shown in Table 3 and Fig 3.

Besides, when evaluating the influence of the quality of the
included studies, we observe that when combining the results of
high-quality studies (NOS >7) a clearly lower strength of associa-
tion between ART and CP in singletons is obtained than the one
observed when combining studies with moderate quality
(NOS = 6), OR = 1.47, 95% CI (1.20 to 1.81) if NOS >7 vs OR = 1.60,
95% CI (0.97 to 2.63) if NOS = 6 (Supplementary Figure 4).

CP risk after ART conception and preterm birth

When the analysis is performed selecting exclusively studies
with premature population no increased risk of CP after ART was
observed, OR = 1.09 (95% Cl 0.87 to 1.37)2021:23:262835 Ng
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Odds ratio Weight
Study with 95% CI (%)
Before and after 2000
Lidegaard,2005 (singletons) —— 1.80[1.18, 2.75] 571
Reid,2009 (singletons) —r 1.19[063, 224] 3.05
Hvidtjorn,2010 (multiples) —— 1.07[0.69, 1.65] 5.48
Kallen,2010 (multiples) — 099[0.74, 1.33] 9.02
Kallen,2010 (singletons) - 1.23[0.96, 1.58] 10.59
Hvidtjorn,2010 (singletons) —— 1.21[0090, 1.62] 9.00
Pinborg,2010 (singletons) 88— 244[115,520] 225
Davies,2012 (singletons) —a— 222[1.35, 3.64] 455
Davies, 2012 (multiples) — 1.39[069, 279] 261
Goldsmith,2018 (multiples) 1.00[0.49, 2.05] 246
Goldsmith,2018 (singletons) —_— 200[1.06, 3.77] 3.06
Levin,2019 (singletons) 0.92[0.30, 2.87] 1.07
Spangmose, 2021 (multiples) I 1.11[0.99, 1.25] 16.33
Spangmose, 2021 (singletons) '.- 1.05[0091, 1.22] 15.04
Heterogeneity: T = 0.02, I’ = 40.19%, H’ = 1.67 X' 3 1.23[1.09, 1.38]
Test of 8, = 6;: Q(13) =21.74, p= 0.06
Before 2000
Stromberg,2002 (multiples) . 090[0.42, 191] 227
Stromberg,2002 (singletons) —8—280[1.33, 5691] 229
Klemetti,2006 (multiples) o 1.52[0.43, 539] 0.87
Klemetti,2006 (singletons) - 1.15[040, 3.29] 1.23
Klemetti,2010 (singletons) ——&——  2.09[1.03, 425] 251
Klemetti,2010 (multiples) - 1.23[0.27, 558] 0.62
Heterogeneity: T = 0.02, I’ = 8.16%, H’ = 1.09 R 1.61[1.09, 2.36]
Testof 6. =6:Q(5)=5.44,p=0.36
Overall <& 1.27[1.12, 1.43]

Heterogeneity: 1 = 0.02, I’ = 37.30%, H* = 1.59
Test of 8, = 6, Q(19) = 30.30, p = 0.05

Test of group differences: Q.(1) =1.70, p=0.19

Random-effects DerSimonian-Laird model

12 1 2 “

FIGURE 3. Forest plot of the association between assisted reproductive technology and cerebral palsy by period of recruitment. The color version of this figure is available in the

online edition.

significant heterogeneity was observed between the included
studies, I? 30.76%, P = 0.16, and risk of publication bias, Egger test:
z=0.91 P = 0.36 (Fig 4).

To identify the effect in very preterm infants, we repeated the
analysis, including only studies carried out in preterm infants born
at less than 32 GW.20?123:26 we also found no risk modification in
this subpopulation, OR = 0.99 (95% CI 0.72 to 1.37). No heteroge-
neity (12: 0%) or risk of publication bias was observed in this sub-
group (Egger test z: 0.81, P: 0.417).

In both the global and the stratified analysis, the most important
risk association was shown by Goldsmith et al.,>® OR = 2.70 (95% CI
1.03 to 7.09) (Supplementary Figure 5).

We carried out an analysis by type of gestation; four studies
with premature population were included, regardless of the
gestational age at birth.?%?>3>3> A nonsignificant higher risk was
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found in premature singleton, OR = 1.35 (95% CI 0.70 to 2.61). No
risk of publication bias was observed (Egger z test = 0.91, P: 0.361).
We found no association for preterm twins after conception with
ART, with an estimated OR = 0.83 (95% CI 0.37 to 1.85). This latter
analysis was performed using the estimated risks in the different
subpopulations of premature twins provided by Goldsmith et al.2®
(Supplementary Figure 6). Results are shown in Table 3.

Meta-regression analysis

Finally, to assess the potential causes of heterogeneity in the
developed analyses, a meta-regression was performed, including as
predictors the proportion of the effect in the unexposed group, the
year of recruitment, and the quality of the articles included. Glob-
ally, the three factors explained 64.3% of the variability observed;



A. Cavero-Ibiricu, J. Canelas-Ferndandez, I. Gomez-Acebo et al.

Pediatric Neurology 152 (2024) 115—124

QOdds ratio Weight
Study with 95% CI (%)
Kallen,2010 1.05[0.78, 1.42] 22.16

Stoknes,2012

Abdel-Latif,2013

Goldsmith,2018 (multiples&32-36GW)
Goldsmith,2018 (singletons&<32GW)

—— 250[1.26, 495] 844
1.04[0.66, 1.64] 14.72
1.40[0.28, 7.00] 1.88

T——®—— 270[1.03, 7.09] 4.78

Goldsmith,2018 (singletons&32-36GW)
Goldsmith,2018 (multiples&<32GW)
Roychoudhury,2021

Verhaeghe, 2022 (IVF)

Verhaeghe,2022 (Ol)

Overall

Heterogeneity: 1 =0.04, ' = 30.76%, H' = 1.44
Test of 8, = 6;: Q(9) = 13.00, p = 0.16

Testof 6=0:z2=0.73, p=0.46

0.90[0.11, 742] 1.12
0.70[0.28, 1.76] 5.17
0.71[0.42, 1.20] 12.44
0.99[0.58, 1.68] 12.27
1.00[0.67, 1.49] 17.03

1.09[0.87, 1.37]

18 1/4 12 1 2 4

Random-effects DerSimonian-Laird model

FIGURE 4. Forest plot of the association between assisted reproductive technology and cerebral palsy in preterm birth conceived with assisted reproductive technology. The color

version of this figure is available in the online edition.

only the proportion of CP in SC children presented a significant
negative association with the OR. Results are shown in Table 4.

Discussion

According to our results, children conceived with ART have a
slightly increased risk of developing CP compared with SC children.
However, the effect size of this association is comparatively smaller
than that obtained in previous meta-analyses.'””'° One possible
explanation for this disparity is that the majority of published ar-
ticles analyzing the relationship between ART and CP did not
adequately control for the confounding effect of pregnancy type.
When jointly analyzing the studies carried out without taking into
account the type of pregnancy, the risk is doubled. However, this
association is reduced to 27% by including in the analysis only
studies that separately evaluate the effect of ART in single or mul-
tiple gestations.

In singletons conceived through ART, we observed a 48%
increased risk of CP. However, we did not find an increased risk in
children born from multiple gestations. These results confirm those
provided by the three meta-analyses previously published on this
matter.”"'° Nowadays, the impact of ART on singletons remains
uncertain. Some studies suggest an increased risk of perinatal
adverse effects, including CP,>>>% whereas others report no asso-
ciation.?>*! The underlying etiology for the increased risk of CP is
not well-understood but is likely multifactorial in origin. Possible
explanations include subfertility or infertility that leads couples to

resort to ART, the “vanishing embryo syndrome,” and the ART
procedures themselves.'”!?

Infertility is a frequent health problem and is considered a
possible factor involved in the increased risk of CP. Numerous
studies have investigated its repercussion at different levels. Some
authors>?933:3441-44 consider that subfertility itself contributes
significantly to the risk of adverse effects, including those of the
central nervous system, observed in children conceived after ART.
Increased risk has been noted even in infertile women who ach-
ieved pregnancy without treatment.”?>**> However, other studies
neither find a significant influence of infertility on the association
between ART and CP'>** nor have they been able to determine
whether the increased risk of adverse perinatal outcomes is due to
ART or to the inherent infertility of couples undergoing these
treatments.*>*® Another possible cause related to the increased risk
of CP in singletons is embryonic and fetal death (or vanishing
embryo syndrome).*’ The incidence of this phenomenon after ART
is estimated to be around 10% to 30%,'° or even higher.*® Although
the literature suggests that the surviving twin is at increased risk of
negative health outcomes, including increased risk of CP,*>*° there
is controversy. A few authors’®>* did not observe any cases of
vanishing embryo syndrome among the children with CP who were
studied or of CP when eliminating this possible phenomenon by
single embryo transfer (SET). It has also been pointed out that the
survivor's prognosis would be fundamentally determined by the
moment in which this phenomenon occurs, when later a greater
risk of perinatal adverse effects and higher rates of neurological
sequelae were found.*®*° Although the vanishing embryo

TABLE 4.

Meta-Regression Analysis
Possible Causes of Heterogeneity Coeff. (95% CI) 2 Adj. R? (%) I?
Model 0.011 40.08 21.82%

High quality (NOS >7)
Period of recruitment before 2000
Proportion of CP in nonexposed

~0.18 (~0.65 to 0.28)
~0.22 (~0.19 to 0.62)
—40.88 (—77.6 to —4.13)

Abbreviations:

Adj. = Adjusted

CI = Confidence interval

Coeff. = Coefficient

CP = Cerebral palsy

NOS = Newcastle Ottawa Scale
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syndrome is not the sole explanation for the higher risk of CP in
singletons,>”>*1*> several studies recommend SET to minimize the
incidence and neonatal morbidity.'%!11722:28,29,41,50-52

Multiple gestations are often recognized as a significant risk
factor in the occurrence of CP after ART procedures1'’>3; some
researchers consider that these techniques do not increase the risk
of CP that multiple gestations themselves already have. Instead,
these authors highlight the influence of various factors that impact
the neurodevelopment of twins, including those conceived through
IVF, such as prematurity,'' fetal growth restrictions, and
zygosity.>>* Our findings provide support for the latter argument
by demonstrating no elevated risk of CP in cases of multiple
gestation. Nevertheless, literature shows discrepancies™%>>°% on
the risk of ART versus spontaneous twins. It is important to high-
light, however, that studies often do not take zygosity into account,
despite the fact that monozygosity is associated with an increased
risk of CP.>>">8

In our meta-analysis, when separately analyzing studies carried
out in premature infants, no association between ART and CP was
observed. This result reinforces the hypothesis that ART does not
increase the risk of CP that preterm births already have. As we
mentioned, prematurity is a potential confounding factor in the
relationship between ART and CP; it is one of the known causes of
long-term neurological disability’>®° and is also associated with
ART.?! In line with our findings, a recent review emphasizes the role
of prematurity as a confounding factor when evaluating the impact
of ART on the development of CP.°” In our analysis, we did not find a
risk modification in preterm infants even when stratifying ac-
cording to the type of pregnancy (single or multiple). Just one
study®® showed a high and significant risk of CP in ART singletons
born at less than 32 GW. Stoknes et al.>> observed that the risk of CP
increased when more combined risk factors were present. The
authors concluded that CP was the result of a sequence of events
among preterm infants, whereas in term infants, individual
vulnerability played a more important role.

Another relevant finding in our study has been the progressive
decrease in the risk of CP after ART over time. Around the year
2000, a growing body of research and the implementation of
reproductive policies in various countries started endorsing the use
of SET. This approach aimed to effectively reduce the occurrence of
multiple gestations and its inherent risks associated.®>%* Studies
that recruited participants before the year 2000%°2%6 show a
stronger association compared with studies involving children
recruited both before and after that period.?2?°-283132.3450 |t jg
important to highlight that in future investigations involving only
participants recruited after the year 2000, the risk could potentially
be even lower. Our results are consistent with other research?>28:5°
showing a trend toward a progressive decrease in the risk of CP
over time, probably related to the use of SET. In addition, use of SET
has been facilitated by improvements in culture media and in
morphologic selection of embryos, which have made it possible to
obtain embryos of higher quality and better prognosis and thus
achieve a successful pregnancy.®® However, these are probably not
the only influential factors since we also have to consider the
evolution toward better knowledge and use of ART, the improve-
ment in health care, and the development of new diagnostic
tools.®”

Our meta-analysis is, to date, the one that includes the largest
number of studies?’*->*> and adds data on populations not included
in previous publications of this type.'”'®?7 This fact has allowed us
to separately analyze the effect of ART in subpopulations such as
preterm infants, included only in one previous meta-analysis,'”
thus controlling the confounding effect of this variable. We also
analyzed the evolution of the risk of CP in children conceived after
ART over time according to the year of recruitment of the patients,
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data not provided to date in any other meta-analysis. We have also
controlled by type of pregnancy, which has allowed us to improve
the validity of our estimations. Last, our meta-analysis is the first
published study to use meta-regression to assess the causes of
heterogeneity.

Our study has some limitations. First, it was impossible to
separate the effect of the technique itself from that of other con-
founding factors, such as zygosity in multiple gestations or under-
lying subfertility. This limitation is due to the heterogeneity in the
variables collected in the few existing studies. Second, it has not
been possible to investigate in depth the effect of each type of
technique separately. Most of the articles do not specify the type of
technique, considering several within the term ART, or compare the
effect of one with another instead of comparing with the SC pop-
ulation. Third, none of the studies included in the analysis provided
data on the relationship between ART and CP stratified by maternal
age or medical conditions. Therefore, it was not possible to incor-
porate this information into the meta-analysis. Finally, generalizing
the findings of the included studies, primarily from Nordic coun-
tries, requires caution due to differing socioeconomic conditions.

In conclusion, ART slightly increases the risk of developing CP
once the effect of multiple gestations is controlled. Also, a slight
decrease in this risk is observed over time, which may be related to
the increasing use of single transfer of embryos. Based on these
results, clinicians could provide couples with information
regarding the small increase in CP and reinforce the use of single
transfer of embryos technique. Additionally, advancements in ART
are leading to safer pregnancies, which may also contribute to the
reduction of costs of these treatments, both at individual and public
levels. Further research is needed to identify whether the risk of CP
after ART is caused by the techniques used themselves, underlying
fertility issues, or other maternal health conditions.
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