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Abstract

The use of assisted reproductive technology for conception has slowly increased over time. There has been

a concern about the risk of autism spectrum disorders in children conceived. The relationship between
assisted reproductive technology and autism spectrum disorders is complex and results are conflicting.
More robust studies are needed to arrive at a definitive conclusion.
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INTRODUCTION

Louise Joy Brown, the world’s first baby conceived via in
vitro fertilization (IVF), was born in 1978. Since then,
many advances have been made in the field of assisted
reproductive technology (ART).

Globally, over 5 million children have been conceived
using ART." In the United States, about 1.8% of all
infants born are conceived with ART.?! And the numbers
are still increasing worldwide. Therefore, it is important to
evaluate the safety of these ART procedures in relation to
the long-term effect on children conceived via them. One
area of research is the potential association between ART
fertility treatments and autism.

AUTISM

Autism spectrum disorders (ASD) are
neurodevelopmental  conditions  characterized by
impaired social interaction and communication,
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together with restricted and repetitive behavior
(American  Psychiatric ~ Association, 2000).”)  The
National Survey of Children’s Health (NSCH) 2016
and the National Health Interview Survey (NHIS)
2015-2017 both estimated ASD prevalence at 25 per
1000 children aged 3 to 17 years.! The Autism and
Developmental — Disabilities ~ Monitoring  (ADDM)
Network observed that the combined ASD prevalence,
in the United States at 11 sites, was 18.5 per 1000 (1 in 54)
children aged 8 years.!! Broadening of diagnostic criteria
as well as early recognition of ASD due to increased
awareness may have accounted for this increase in
prevalence.

In India, there is a scarcity of high-quality population-
based epidemiological studies on ASD. A systematic
review done by Chauhan e /' showed a pooled
percentage prevalence of 0.11 [95% confidence interval
(CI) 0.01-0.20] of ASD in children aged 1 to 18 years from
the rural setting; and a pooled percentage prevalence of
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0.09 (95% CI 0.02-0.16) of ASD in children aged O to 15
years from the urban setting.

ASD not only affects the child and the family but also has
direct and indirect cost implications on the nation.
Resources have to be utilized to provide health care,
targeted  supportive and  rehabilitative
services to these children.

education,

ETIOLOGY

The etiology of autism spectrum disorders is
multifactorial and unknown at times. It is influenced by
genetic and environmental factors that affect the
developing brain. A strong genetic origin of ASD has
been suggested by Bailey et al®! The phenotypic
expression of this genetic factor is variable and is
influenced by a number of environmental factors.”
Advanced parental age, maternal disease, prenatal,
perinatal, and postnatal environmental factors can
influence ASD.*!! Among the environmental factors,
the use of ART, including ovulation induction, IVF, and
intracytoplasmic sperm injection (ICSI) have been
suggested as a potential influencing factor. A higher
risk of ASD in children born after ART may also be
due to the higher rates of multiple births, preterm birth!'!

[13]

and low birth weight deliveries' ™ seen in these patients.

ASSOCIATION

The findings of relationships between infertility, infertility
therapies, and autism spectrum disorders have been
conflicting and inconsistent. Positive association of
ART with autism was found in a few studies. In a large
retrospective cohort study done in California,'* the
authors observed that the incidence of diagnosed
autism was twice high for ART births compared to
non-ART births. The association was decreased by
excluding mothers unlikely to use ART; adjustment for
demographic and adverse prenatal and perinatal outcomes
reduced the association substantially, although statistical
significance persisted for mothers aged 20 to 34 years. The
authors concluded that the association between ART and
autism is primarily explained by adverse prenatal and
perinatal outcomes and multiple births. In India, a
case-control study!™ was done that found that the
hormonal interventions were higher among mothers
who had children with ASD than the control
population. Of the ASD cases analyzed, 58 mothers
had (12.3%),
whereas there were only 22 mothers among controls
who underwent hormonal interventions (4.6%). They

undergone hormonal interventions
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concluded that maternal hormonal intervention [odds
ratio (OR) =2.24| was a significant risk factor for ASD.
A large meta-analysis!'®” was done to quantitatively
evaluate the association between the use of ART and
the risk of ASD in offspring. In this meta-analysis,
8,161,225 patients were included. The authors found a
significant association between ART and the risk of ASD
in especially in European and Asian populations. They
concluded that ART may be an independent risk factor for
ASD in offspring.

Few other studies have found no such association of ART
with autism. The CHARGE (CHildhood Autism Risk
from Genetics and the Environment) population-based
study compared the cases with ASD (z=1513) to controls
(n=388) with regards to the diagnoses and type of
infertility and the infertility treatments given. It found
no differences in infertility, infertility treatments, or
hypothesized underlying pathways between cases and
controls. The authors concluded that ART is not a
strong independent risk factor for ASD.!"”

A study was carried out in Finland"® to find the
association between IVF and ASD. The authors
observed that when only singletons pregnancies were
included, there was an association between IVF and
Asperger’s syndrome in unadjusted analysis (OR: 2.0,
95% CI: 1.1-3.5) but this was not significant when
adjusted for the mother’s socioeconomic status or
parity. On analyzing the boys and gitls separately, they
observed that there was a significant association between
IVF and Asperger’s syndrome for boys in an unadjusted
analysis (OR: 2.1, 95% CI: 1.2-3.7) but this was not
significant in the final adjusted model. This study
showed no increased risk of ASD in children born
after IVE.

Another study was done in Denmark!" to assess the risk
of autism spectrum disorders in children born
(1995-2003) using ART compared with children born
after natural conception. Of 33,139 (5.6%) children born
from assisted conception, 225 (0.68%) had a diagnosis of
ASD. Of the 555,828 children born after natural
conception, 3394 (0.61%) had a diagnosis of ASD. In
crude analyses, children born after assisted conception
had an increased risk of a diagnosis of ASD: crude hazard
rate ratio 1.25 (95% CI 1.09 to 1.43). After adjusting for
maternal age, educational level, parity, smoking, birth
weight, and multiplicity, this risk disappeared: adjusted
hazard rate ratio 1.13. (95% CI 0.97-1.31). However, a
subgroup analysis suggests possible associations in
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women who
indicating the need for further study.

received  follicle-stimulating hormone

Systematic reviews of seven observational studies were
done by Conti ¢z al®” to evaluate the risk of autism
spectrum disorders in ART. Four out of seven studies,
including the two with the best quality scores, did not
show an association between ART and ASD. The two
studies supporting an increased risk of autism following
ART had the lowest quality scores, due to major
methodological limitations. One study showed a
protective role of ART. They concluded that there is
no evidence that ART significantly increases the risk of
ASD in the offspring.

Diop et al®" studied the prevalence of autism spectrum
disorders in Massachusetts by comparing children born
via ART and children born to women with indicators of
subfertility but no ART, to children born to fertile women.
They said that compared to children born to fertile
women, children born to ART, ICSI, or IVE, or
subfertile women are not at increased risk of having ASD.

In a recent study, Jenabi ez a/1* studied the association
between the use of ART and the risk of ASD among
children. In the univariate analysis, there was a significant
association among child sex, delivery mode, history of
preterm delivery, history of using ART, maternal age at
child’s birth, and the risk of ASD. After the adjustment for
other variables, this association was significant for male
sex (2.66; 95% CI 1.11-4.31; P=0.001) and history of
using ART (4.03; 95% CI 1.76-9.21; P=0.001). After the
adjustment for confounder variables, they found no
significant association between ART and the risk of
ASD among children (4.98; 95% CI 0.91-27.30;
P=0.065). They concluded that after the adjustment
for other variables, risk factors for ASD were male sex
and history of preterm delivery.

An inverse association of ART to ASDs was found by
Maimburg e7 a/.”* They observed that children born after
assisted conception had a lower risk of developing
infantile autism than their matched controls.

MULTIPLE BIRTHS

Few studies have suggested a strong association of ASD in
twins."*** Study done by Grether ¢z a/**! observed that
among multiple births (21 cases, 54 controls), an increased
risk of ASD was seen in women with history of infertility
and when infertility evaluation and treatment was done
around the time of index pregnancy conception; however,
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the sample size was small to arrive at a firm conclusion. A
similar observation was made by Fountain ef A for
multiple births.

HORMONAL TREATMENT

A study was done in Israel to examine the effects of
infertility treatments on the risk of ASD. Infertility
treatments included IVF and five hormone treatments.
Results showed that IVF treatment compared with
spontaneous  conception  was  not  statistically
significantly associated with the risk of ASD. Only
progesterone hormone treatment was associated with a
statistically significant (P<<0.05) increased risk of ASD
[relative risk (RR)=1.51, 95% CI 1.22—1.86] compared to
the group with no progesterone treatment. They
concluded that progesterone exposure during the
critical period of fetal life elevated the risk of ASD,
possibly reflecting epigenetic modification.*”!

Hormonal interventions involved in ovulation induction
with or without intrauterine insemination have been
related to ASD. Lyall ez al?% studied the risk of ASD
in women using fertility treatments. No significant
found by
subgroup analyses of women with maternal age > 35

associations were them. However, in

years (7=1020), artificial insemination was significantly
associated with ASD;
significantly associated with ASD in crude but not
adjusted analyses (OR=1.81, 95% CI 0.96-3.42). In
particular, the study suggests women with advanced
maternal age, independent of age itself, may be at
moderately increased risk of ASD with certain fertility
therapies artificial
insemination.

ovulation induction was

such as ovulation drugs and

Bay et al.”” observed that there was a small increase in the
incidence of mental disorders in children born after
ovulation induction/intrauterine insemination.

INTRACYTOPLASMIC SPERM INJECTION

ICSI was originally developed for the treatment of male
factor infertility.*® The indication has expanded and now
it is used in 67%*” of all ART procedures regardless of
infertility diagnosis.

Sandin ¢z a/P” cartied out a study to examine the
association between the use of any IVF and different
IVF procedures and the risk of autistic disorder and
mental retardation in the offspring in Sweden. They
found that compared with spontaneous conception,
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the autistic
disorder but was associated with a small but statistically
significant increased risk of mental retardation. They also
observed a statistically significant increased risk of autistic
disorder following ICSI using surgically extracted sperm
and fresh embryos (RR =4.60) when compared with IVF
without ICSI with fresh embryo transfer. The RR for
mental retardation following ICSI using surgically
extracted sperm and fresh embryos was 2.35 and
following ICSI using ejaculated sperm and fresh
embryos was 1.47. The risks associated with ICSI using
frozen embryos were significant for mental retardation
(RR =2.30).

IVF treatment was not associated with

However, a study from Denmark found no effect of ICSI
or conventional IVF on the neurodevelopment of
children when compared with spontaneously conceived
children.”” TIn another study by Kissin et al,®'! it was
observed that the incidence of ASD was higher when ICSI
was used compared with conventional IVF and lower
when parents infertility (among
singletons) or tubal factor infertility (among multiples)
compared with other types of infertility. It was seen that
the associations with an autism diagnosis were stronger
when ICSI was used without male factor infertility and
with nonsurgical method of semen collection. Hence,

had unexplained

suggesting that male factor infertility may not be the
main risk factor for autism diagnosis in offspring.
Possible explanations include the use of ICSI as a
rescue technique when fertilization with conventional
IVF  fails among patients without
infertility.”? This was contradictory to the study from
Sweden and needs further investigation.

male factor

In a systematic review, Catford ¢ a/”” compared the
outcomes of ICSI-conceived offspring beyond the
neonatal period to IVF-conceived offspring. They
observed that the neurodevelopment in children
conceived by ICSI and IVF were comparable. Growth
and physical health were also similar. In another review,”"!
they studied long-term health outcomes of ICSI-
conceived offspring compared with spontaneously
conceived  offspring. They observed that the
neurodevelopment of ICSI-conceived children seems
comparable to spontaneously conceived children. No
significant difference was seen in growth, vision, and
hearing.  However,  important
reproductive, general physical, and metabolic health
have been observed in fair quality studies.

differences in

The differences observed may be due to the treatment
factors, the genetic origin of the children, or related to
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adverse obstetric outcomes associated with IVF
treatment. Precise knowledge about the role of
individual ~risk factors in assisted reproductive

technology and ICSI procedure will help to modify the
clinical practice to avoid potential harm. Until then, the
procedure of ICSI should be used mainly for male-factor
infertility.

CONCLUSION

The association between ART and autism still remains a
matter of debate. Recent evidence do not show a
significant increase in the risk of ASD in women using
ART treatment. However, few studies including a meta-
analysis suggest ART to be a likely independent risk factor
for ASD in offspring, Further studies are needed to draw
concrete conclusions.
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