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* Although the etiology of autism spectrum disorder (ASD) as a significant public health concern has remained un-
known, the effects of environmental risk factors cannot be ignored.

* Early exposure of the brain to general anesthetics can increase the risk of later ASD development. It is recommended
to avoid unnecessary exposure to anesthetics before the age of four.

Introduction

utism spectrum disorder (ASD) refers to

a broad range of conditions characterized

by challenges with social skills and a nar-

row range of restricted and repetitive be-

haviors [1, 2]. To this day, the etiology of
ASD has been the topic of several research studies and is
still unknown. During the past three decades, the preva-
lence of ASD, as a significant public health concern, has
increased worldwide. Although public awareness has
been raised and diagnostic criteria have been revised, the
effects of environmental risk factors cannot be ignored
[2]. According to the epidemiologic studies about the
prenatal and perinatal risk factors of ASD, inconsistent
results have been reported [3].

Interestingly, among the predisposing factors, the as-
sociation between delivery mode and ASD has been
frequently demonstrated as children born by Cesarian
section (CS) under general anesthesia (GA) had a higher
risk of ASD development compared to those delivered
vaginally. However, the causal mechanism has not been
established. Anesthesia, sex and history of miscarriage
may influence the association between CS delivery and
ASD [4-6]. Some well-planned previous studies sup-
ported this finding.

On the other hand, recent studies have focused on the
association between early GA exposure and behavioral
and cognitive disorders. Studies have suggested that ex-
posure of the premature brain of the fetus to anesthetics
causes histopathologic damage, leading to neurodevel-
opment disorders [7, 8]. A combination of these sup-
porting evidence backs the hypothesis of GA-related
neurotoxicity at early exposure to anesthetic agents. Two
cohort studies notably demonstrated that children who
were born by CS with GA were at higher risk of ASD,
which emphasizes that GA-related neurotoxicity could
be a potent risk factor for ASD development [9, 10].
On the contrary, some human studies reported different
results. Considering the discrepancy among findings of
various studies and very limited studies in our country

about GA neurotoxicity in the developing brain, this
study was planned. The present study explored whether
GA exposure to the developing brain before age 4 is as-
sociated with ADS.

Materials and Methods

This case-control study was performed in a pediatric
psychology clinic of an academic hospital affiliated with
Guilan University of Medical Sciences from December
2021 to April 2024. One experienced pediatric psychia-
trist confirmed the diagnosis of ASD based on DSM-5
criteria. Firstly, residents of anesthesiology screened all
the medical records of the children who were diagnosed
with ASD cases.

The inclusion criteria were known cases of ASD, aged
between 5 and 18, having a sister or brother as the healthy
control group and born via normal vaginal delivery.

The exclusion criteria were children with congenital
heart disease or any other severe physical disease, those
whose first diagnosis was other psychiatric diseases, or
those who lacked a healthy sister or brother.

Neonate variables for both cases and the control group
included gender, age and term or preterm. Parents were
questioned about the child’s history of receiving GA for
any diagnostic or surgery procedure before four years
old, the age of exposure, birth status (term or preterm),
and single or multi-exposure. Finally, the data were com-
pared between the cases and the healthy control group.

After sorting out the children’s medical files, the anes-
thesiology resident called the parents and explained the
purpose of his contact. When they agreed to participate, a
checklist was completed through a 10-minute interview.

According to the odds ratio (OR=1.52; 95% CI, 1.18%,
1.94%) calculated in the study of Chien et al. [10], 40%
frequency of cesarean operation, 5% error and 80%
power for the volume estimation study, the sample was
calculated using OpenEpi software, Version 3, open-
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source calculator. A total of 270 children in two case and
control groups were studied separately regarding age,
sex, birth age, birth weight, history of anesthesia, and

type of surgery.

Statistical analysis

The collected data were analyzed using SPSS soft-
ware, version 21. The Mann-Whitney U and chi-square
tests were used. To evaluate all associations, we used the
logistic regression model. Statistical significance was
considered as P<0.05.

Results

The data of 540 cases and controls were analyzed.
Comparing the two groups, a significant difference
was observed in terms of birth status (term/preterm)
(P=0.031), history of receiving anesthesia under 4 years
(P=0.039), age of receiving anesthesia (P=0.021), and
type of surgery requiring anesthesia (elective/emer-
gency) (P=0.022) (Table 1). Multivariate analysis using
logistic regression showed that only the variable of re-
ceiving anesthesia has a significant role in the incidence
of autism behavioral disorders (P=0.043). So, children
who had a history of receiving anesthesia were 1.47
times more likely to have autism (Table 2).

Discussion

Annually, a large number of young children undergo
surgeries or diagnostic procedures that require GA. Un-
fortunately, despite the universal focus and interest in
the subject of GA-related neurotoxicity in young chil-
dren, the issue has not adequately received attention in
Iran. Despite controversial results, the potential risk of
GA-related neurotoxicity exists definitely [11]. To the
best of our knowledge, this study is among the limited
studies in our country on the effect of GA neurotoxicity
in the developing brain. Because a sibling analysis was
performed, adjusting familial and genetic confounding
factors was possible. Our results showed the association
between early exposure to anesthesia and ASD, which
supported the studies conducted by Chien et al. and Hu-
berman Samuel et al. who reported that CS under GA
was positively correlated with the development of ASD
[10, 12]. Recently, we explored the association between
GA in the developing brain and ADHD [13]. In contrast,
Chung reported that anesthetics-related neurotoxicity
induced neurodegeneration but not ASD [14]. Laporta
et al. also assessed the hypothesis that early exposure of
children to procedures requiring GA was correlated to
an increased risk of ASD in later life and found opposite

October 2024, Volume 10, Issue 4, Number 39

results [15]. Wen-RO KO found no relationship between
exposure to GA before the age of 2 and the development
of ASD [16].

Although the issue has been confirmed in animal stud-
ies [17], controversial findings in human studies have
been reported. Several factors could explain these dis-
crepancies among human studies. It is well known that
the results of these studies were affected by families’
economic and social status. The studied populations
differ in terms of age, diagnostic criteria, times and the
method of data collection, according to medical docu-
ments or interviews, which are influential factors. The
results of a face-to-face conversation, phone calls and
sending emails could not be the same. Also, the length
of follow-ups, anesthetic dosage, timing, single or mul-
tiple exposures and duration of exposure were differ-
ent. In contrast to animal studies, human studies could
not provide complete control over experimental condi-
tions. The diagnostic tools are also different. The “child
behavioral checklist” has a high sensitivity, while the
“strengths and difficulties questionnaire” is short and
has better specificity. The study’s nature is a retrospec-
tive or large cohort, with long-term follow-ups or nested
with a population-based dataset [18].

In contrast to animal studies, complete control experi-
mental conditions could not be provided. Therefore, re-
cently evaluating some specific biomarkers and neuro-
imaging data has been recommended [19-21]. Overall,
and based on the current literature and FDA warnings in
humans, it is wise to avoid any unnecessary exposure to
GA before 4 [22], as the time from pregnancy to 4 years
had been considered unsafe [23]. To achieve this goal,
the anesthesiologist’s knowledge is insufficient, and phy-
sicians of several fields, such as pediatrics and surgeons,
should also be aware of this risk [24, 25]. We performed
another study to assess the knowledge and performance
of GUMS faculty members towards the issue of anes-
thesia neurotoxicity, which showed disappointing results
[24]. Studies have also shown that parents should be in-
formed to cooperate better [26, 27]. In this regard, it is
very crucial to avoid misunderstanding. Deprivation of
the child from anesthesia benefits, including prevention
of pain and anxiety, is not ethically and legally accepted,
and severe pain and perioperative fear could be much

more harmful than the risk of GA [28].
Conclusion
This study supported the association between ASD

and early exposure to GA. The history of receiving an-
esthesia under age 4 was significantly associated with
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Table 1. Comparing the healthy and case groups in terms of birth and status of general anesthesia and surgery (n=270)

No. (%)
Status at Birth P
Case Control
Male 157(58.1) 158(58.8)
0.93
Female 113(41.9) 112(41.5)
Min-max 6-18 8-18
Age (y) 0.112
Mean1SD 3.07+£12.84 3.3+13.28
Term 231(85.6) 247(91.5)
0.031
Preterm 39(14.4) 23(8.5)
<2500 g 11(4.1) 7(2.6)
0.338
>2500 g 259(95.9) 263(97.4)
History of receiving anesthesia 140(51.9) 116(43) 0.039
without receiving anesthesia 130(48.1) 154(57)
Once receiving anesthesia 136(50.4) 113(41.9) 0.117
Twice receiving anesthesia 4(1.5) 3(1.1)
Elective surgery 93(66.4) 92(79.3)
0.022
Emergency surgery 47(33.6) 24(20.7)

the later development of ASD. Further prospective well-
planned cohort studies are welcome to confirm these
findings.

Study limitations

Our lack of knowledge of the harmful events around
birth, such as hypoxia during delivery or neonatal jaun-

Ethical Considerations
Compliance with ethical guidelines

This study was approved by thics Committee of Guilan
University of Medical Sciences (Code: IR.GUMS.
REC.1400.416). Informed consent was obtained from
all parents who agreed to participate.

dice, can be one of the limitations of this study.

Table 2. Odds ratio and confidence interval of variables and incidence of autism behavioral disorders

95% Cl for Exp b

Step 1° Val:es Va;:es
Wald df Sig. OR Lower Upper
Age (y) 0.046 0.027 2.830 1 0.093 1.047 0.992 1.105
Gender (Male) 0.084 0.189 0.198 1 0.657 1.088 0.751 1.576
(Term) Age at birth -0.054 0.539 0.010 1 0.920 0.948 0.330 2.724
Birth weight (<2500 g) 0.512 0.307 2.787 1 0.095 1.669 0.915 3.044
History of receiving anesthesia 39, ¢ 185 4.478 1 0.034 1.479 1.029 2126
under 4 years
Constant -1.310 0.482 7.390 1 0.007 0.270
Variables entered on step 1 @ICINS
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