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Objective: The prevalence of autism spectrum
disorder (ASD) in Lebanon is higher than what

is reported by the World Health Organization
(WHO), leading to the thought that the Lebanese
population has some specific risk factors for

ASD. Therefore, it is important to conduct more
robust studies on this population. We conducted
this study to identify pre-, peri-, and neonatal
risk factors for ASD. Our ultimate goal was to
detect and change some modifiable risk factors,
thus reducing the incidence of ASD. Design:

A case-control study was conducted using
arandom proportional sample of Lebanese
children with ASD to explore whether risk factors,
such as family history, pregnancy (including

all medication and substances taken during
pregnancy and infection history), gestational
age, delivery, birth milestones, and the neonate’s
condition at birth could be associated with

a higher prevalence of ASD. The local ethical
committee approved the study (USJ-2016-91),
and all parents gave their written consent.
Results: A total of 66 children with ASD and

66 controls were included. The results of the
multivariable analysis showed that a higher
gestational weight gain (adjusted odds ratio
[ORa]: 1.11) was significantly associated with
higher odds of autism, whereas female sex (ORa:
0.13) and higher number of weeks of gestation
(ORa: 0.76) were significantly associated with
lower odds of autism. Conclusion: Such

results are of great relevance, since many of

the identified factors herein could be avoidable
or modifiable, suggesting the need for
implementing timely and appropriate public
health strategies for disease prevention in
pregnant women that could reduce ASD.
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According to the Diagnostic and Statistical
Manual of Mental Disorders, 5th Edition
(DSM-5), autism spectrum disorder
(ASD) is a neurodevelopmental disorder
characterized by impaired communication
and social interaction, as well as restricted
repetitive patterns of behavior, interests,
and activities." To date, the etiology of ASD
remains largely unknown, but it is thought to
be a multifactorial disorder, with a complex
interplay between genetic and maternal/
environmental factors.* In a recent editorial,
Jutla et al° highlighted the importance of
population-based studies to better understand
the relative influence of predisposing factors
to ASD. This editorial discussed, in particular,
the results of the most comprehensive
multinational, family-based study to date,
aimed at estimating the additive genetic,
maternal, and environmental effect in ASD.6
The authors concluded that heritability
could be accounted for approximatively 80
percent of this effect, leaving a nonnegligible
contribution of environmental factors. Other
studies also estimated that the contribution
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of shared environment could range from 7 to
35 percent. Even with this small contribution
to ASD risk, researchers still emphasize the
importance of understanding environmental
risk patterns that remain relatively poorly
studied.>”’

In that context, factors related to the
mother during the prenatal period have been
suggested as risk factors for ASD, including
sociodemographic, clinical, and nutritional
factors, as well as medication/substance
intake during pregnancy. These factors
include advanced conception age, assisted
reproductive technologies, pre-pregnancy
and pregnancy obesity, excessive gestational
weight gain, bacterial and viral infections,
gestational diabetes, migraine, vaccination,
medications, supplement intake, smoking, and
alcohol consumption.®"

Current evidence points to some perinatal
factors as well, such as caesarian section
delivery, obstetric/birth complications
associated with fetal distress (trauma or
ischemia and hypoxia),®™ low birthweight,
and preterm birth.'s"
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The exact mechanisms explaining
predisposition to ASD remain largely debated,
but several hypotheses have been suggested,
including inflammation/elevation of cytokine
levels, endocrine disruption, alterations in
signaling pathways and neurotransmitters,
and oxidative stress, that might all lead
to epigenetic changes in the fetal brain,
thus leading to deleterious long-term
developmental consequences, including
vulnerability to develop ASD.”1-2°

The prevalence of ASD in Lebanon is
higher than what is reported by the World
Health Organization (WHO) (1 per 66 children
in Lebanon?' and 1.48 percent? vs. 1 per
160 children in the world®); therefore, it
is possible that the Lebanese population
has some specific risk factors, highlighting
the importance of conducting national and
regional studies. Several Lebanese studies
have explored the environmental risk factors
for ASD, yielding conflicting results.?%*%
There were limitations to the design of each
study, and the authors concluded that more
robust studies exploring a full panel of risk
factors associated with ASD in the region
were necessary to determine the cultural and
environmental characteristics.

Based on the aforementioned reasons, we
aimed to replicate these findings and check if
the previously described factors held among
a representative sample of Lebanese children.
Therefore, the primary purpose of our study
was to determine the pre-, peri-, and neonatal
factors associated with ASD among Lebanese
children. Our ultimate goal would be to detect
and change some modifiable risk factors that
could reduce the incidence of this disorder.

A case-
control study was conducted from February
to May 2018, using a random proportional
sample of Lebanese children with ASD from
all districts (mouhafazat) of Lebanon (Beirut,
Mount Lebanon, North, South, and Bekaa). A
list of children was provided by the different
centers (American Academy of Beirut and the
Lebanese Autism Society—Beirut; Sesobel—
Mount Lebanon, North Autism Center—North,
Sidon Orphan Welfare Society—South and
Rayon d'espoir—Zahle, Bekaa). A group of
controls matched for age and mouhafaza was
also included in this study.

TABLE 1. Bivariate analysis of factors associated with autism spectrum disorder (ASD)

Male 25 (37.9%) 57 (86.4%) N/A
Female 41(62.1%) 9(13.6%) N/A
Beirut 11(16.7%) 13 (19.7%) N/A
Mount Lebanon 25 (37.9%) 16 (24.2%) N/A
North 10 (15.2%) 10 (15.2%) N/A
South 12 (18.2%) 10 (15.2%) N/A
Bekaa 8(12.1%) 17 (25.8%) N/A
No 64 (97.0%) 58 (87.9%) N/A
Yes 2 (3.0%) 8(12.1%) N/A
No 53(80.3%) 62 (93.9%) N/A
Yes 11(16.7%) 4(6.1%) N/A
No 64 (97.0%) 57 (86.4%) N/A
Yes 2(3.0%) 9(13.6%) N/A
No 66 (100.0%) 61(92.4%) N/A
Yes 0(0.0%) 5(7.6%) N/A
No 62 (93.9%) 56 (84.8%) N/A
Yes 4(6.1%) 10 (15.2%) N/A
No 62 (93.9%) 55 (83.3%) N/A
Yes 4(6.1%) 11(16.7%) N/A

*denotes significance

All other variable that are not shown in the table did not show significant associations
N/A: not applicable; SD: standard deviation

The study protocol was
approved by the Ethics Committee of Saint
Joseph University in Beirut (reference number:
USJ-2016-91). Written informed consent
was obtained from the parent answering
the questions the day of the recruitment.

All patients or their legal representatives
gave their written informed consent prior to
inclusion.

The questionnaire (Appendix 1; https://
innovationscns.com/wp-content/uploads/
Hajj_Appendix-1.pdf) was completed via a
face-to-face interview with the child’s parent.

On average, the questionnaire was completed
in about 15 to 20 minutes. The parent had the
choice of accepting or refusing to complete
the questionnaire. At the end of the process,
the completed questionnaires were collected
and sent for data entry. The anonymous
questionnaire was in French. It consisted

of different sections: sociodemographic
characteristics (e.g., age, sex, mouhafaza,
family history of ASD, age of diagnosis with
ASD), data on care services, and questions
related to the maternal risk factors (e.q.,
details related to the previous pregnancies
and details related to the pregnancy of the
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TABLE 2. Multivariable analysis: Forward logistic regression taking the presence versus absence of autism spectrum

disorder (ASD) as the dependent variable.

Sex (female vs. male*) <0.001
Gestational weight gain (in kg) 0.041
Gestational age (in weeks) 0.021

0.13 0.051 0.351
m 1.01 1.22
0.76 0.60 0.96

*Reference group
ORa: adjusted odds ratio

child with ASD, including, among others,
gestational weight gain, administration of
vaccines and infections during pregnancy,
supplementation and medication during
pregnancy, etc.). Respondents were also asked
about the childbirth, the perinatal period, and
comorbidities and treatment of children with
ASD.

The SPSS statistical
program version 23 was used for all statistical
analyses. Descriptive statistics were
calculated for all variables in the study. This
includes the mean and standard deviation
for measurements, counts, and continuous
percentages for categorical variables. The Chi-
squared test was used to compare between
dichotomous and categorical variables and
the presence versus absence of ASD, whereas
the student’s t-test was used to compare
between two means of the two groups. Finally,
a forward logistic regression was conducted,
taking the presence versus absence of autism
as the dependent variable and taking all
variables that showed a value of p less than
0.1in the bivariate analysis as independent
variables to minimize confounding factors as
much as possible. In all cases, a value of p less
than 0.05 was considered significant.

A total of 66 children with ASD and
66 controls were included in this study.
For children with ASD, the mean age at
diagnosis was 2.9+1.57 years, and only three
(4.5%) had a family history of ASD. Several
comorbidities were noted among these
children, mainly hyperactivity (n=36; 54.5%),
sleep disorders (n=18; 27.3%), aggressiveness
(n=13;19.7%), auto-aggressiveness (n=11;
16.7%), and behavioral/anger crisis (n=11;
16.7%); others included epilepsy, irritability,
impulsivity, anxiety, auto-mutilation, and
mental retardation. The majority of children
with ASD had received pharmacological
(n=16; 24.2%) and interventional treatments.

The most reported pharmacological treatments
consisted of risperidone (n=33; 50%), valproic
acid (n=6; 9.1%), and atomoxetine (n=5;
7.6%) but aripiprazole, fluoxetine, sertraline,
citalopram, topiramate, and methylphenidate
(n=1; 1.5% for each) were also reported.

The most common interventions consisted of
psychomotor therapy (n=47; 71.2%), speech
therapy (n=47; 71.2%), psychoeducation
(n=10; 15.2%), and other therapies, including
ergotherapy, art therapy, and music therapy.

The results of the bivariate
analysis of factors associated with the
presence/absence of autism are summarized
inTable 1. Male sex (86.4% vs. 37.9%),
pregnancy as a result of a medically assisted
reproduction (12.1% vs. 3.0%), and migraine
(13.6% vs. 3.0%) were significantly associated
with higher odds of ASD, whereas taking
any vaccine during pregnancy (16.7% vs.
6.1%) was significantly associated with lower
odds of ASD. Finally, higher mean number of
pregnancies before the concerned child (1.67
vs. 1.20) and higher gestational weight gain
(13.25 vs. 11.73) were associated with higher
odds of ASD, whereas higher gestational age
(37.52 vs. 33.93) was significantly associated
with lower odds of ASD in children.

The results
of forward logistic regression, taking the
presence versus absence of autism as the
dependent variable, showed that higher
gestational weight gain (adjusted odds ratio
[ORa]: 1.11) was significantly associated
with higher odds of autism, whereas female
sex (ORa: 0.13) and higher number of weeks
of gestation (ORa: 0.76) were significantly
associated with lower odds of autism in the
sample (Table 2).

This study is one of a few in Lebanon that
evaluated the association of pre-, peri-, and
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neonatal factors associated with autism
among a sample of Lebanese children. 2%

The results of our study showed a
predominance of male children (86.4%)
among those with ASD, compared to controls.
This is not surprising, since a striking and
consistent feature of ASD is that it is more
commonly diagnosed in male individuals
than in female individuals.? We therefore
replicated what was previously observed in the
Lebanese studies,?>*** and consolidated the
findings of a recent meta-analysis, including
53,972 children who met the criteria for ASD,
that showed a male-to-female ratio estimated
to be 3:1.2 Several studies have reported the
heritability of ASD,”*® but we only identified
a family history of ASD in 4.5 percent of
children, suggesting a lower heritability
rate. Although it is hard to draw conclusions
with a small sample, this result is similar
to previous findings reported in a Lebanese
study.? They are also in line with the findings
of Hallmayer et al,*" highlighting a moderate
genetic heritability and suggesting that other
shared environmental factors (e.g., exposure
to pollutants/toxicants, smoking environment,
environmental or social stressors’) more
prevalent in Lebanon might underlie
susceptibility to ASD.

Aside from the environmental risk factors,
our study highlighted an important modifiable
risk factor for ASD that was significantly
associated with higher odds of autism:
gestational weight gain. This factor remained
significant even in the multivariable analyses.
These results are consistent with the ones
observed in a large Chinese population, where
the authors demonstrated that excessive
gestational weight gain was associated
with autism risk (OR: 1.327) after adjusting
for children’s sex, parental age, and family
annual income.*2 The authors stipulated
that the evidence was stronger for a link
between gestational weight gain and ASD
then between pre-pregnancy body mass
index (BMI) and ASD, suggesting the role of
the metabolic process and nutritional status
during pregnancy.®>* One hypothesis put
forward to explain these results is related
to glucose abnormalities. Hence, recent
hypotheses have been suggested between
intrauterine hyperglycemia/hyperinsulinemia
and neurological disorders, such as ASD.>*

In fact, authors have speculated that the



disrupted neural connectivity, disordered
neurological migration, and mitochondrial
dysfunction observed in children with ASD
could be due to prolonged fetal/neonatal
dysglycemia (hypo/hyperglycemia),
among other factors.* Some authors
have demonstrated that even a transient
hyperglycemia might cause epigenetic
changes.** Controlled studies are needed to
clarify all these factors and evaluate whether
specific interventions, aimed at controlling
gestational weight gain, would help reduce
the risk of having children with ASD."** It
is noteworthy to add that such results are
alarming if we look at recently published
national data from 1,000 full-term deliveries
of women enrolled through the National
Collaborative Perinatal Neonatal Network
(Lebanon). Authors have shown that while 16
percent of women with normal BMI exceeded
the recommended gestational weight gain,
more than half of the participants in the
overweight/obesity group went above the
limits set by the Institute of Medicine.

Moreover, a decreased gestational age was
significantly associated with ASD. Although
not classified as a disease or a syndrome,*
gestational age has been identified as
another risk factor associated with ASD.?
Many theories have been suggested to
explain this association; inadequate
maternal micronutrient supplementation
might compromise both birth weight and
gestational age.*" Premature children (born
before 28 weeks of gestation) bear the risk
of neurodevelopmental and physiological
impairments, including autism.* Conversely,
premature delivery might compromise normal
brain development, increasing the risk of
ASD.4Z,43

Another factor that could be indirectly
related to the maternal nutritional status
during pregnancy is parity, which was shown
to be associated with an increased risk of ASD
in the bivariate analyses. Some studies have
suggested that parity could be considered a
risk factor for ASD, particularly being firstborn
(vs. being third-born or later).* In our study,
however, the number of previous pregnancies
was significantly associated with a higher risk
of ASD, as reported by the previous Lebanese
study.?2 One possible explanation could
be related to the physical health status of
mothers in between subsequent pregnancies,

where nutrient deficiency and higher maternal
weight could be implicated in worsening risks.

Due to the previously mentioned factors
and as recommended by the WHO, nutritional
education and counseling for pregnant women
would allow them to maintain a balanced
nutritional status provided by a healthy diet
during this critical developmental phase. Such
strategies, including both diet and exercise,
along with closer follow-up by the medical
team, would promote optimal weight gain
during pregnancy, improve birth outcomes,
and reduce prematurity and delivery
complications.”*

Other than the previously mentioned
factors, we have shown that women suffering
from migraine might be at a higher risk
of having a child with ASD. The effects of
maternal migraine on pregnancy outcomes are
poorly investigated, and studies have yielded
inconclusive and conflicting results.” Hence,
some authors failed to identify any difference
in rates of major congenital malformations or
other outcomes, such as pregnancy duration
or neonatal birth, compared to controls.*
Nevertheless, others have pointed out an
association between migraines and increased
rates of major congenital malformations,
preterm delivery, preeclampsia, and low
birthweight.**° A recent nationwide,
population-based study including 22,841
pregnancies among women with migraine
and 228,324 matched pregnancies without
migraine examined the association between
migraine in pregnancy and postnatal
neurological complications in children.’ The
authors identified greater risks of several
adverse outcomes in women with migraine
(e.g., respiratory distress syndrome, febrile
seizures, etc.). However, nothing was reported
about neurodevelopmental disorders, such as
ASD, because the study evaluated neonatal
outcomes within the first year of life, and
ASD cannot be identified within this period.”’
Pregnant women with migraine should be
closely monitored to avoid having crises during
pregnancy. Even if a meta-analysis suggested
that the use of triptans during pregnancy does
not seem to increase the risk of prematurity
of malformations, authors have declared that
the routine use of triptans in pregnancy should
be carefully evaluated, and further research
is required to ensure the safety of their
prescription in pregnant women.”

Finally, concerning the link between
vaccination and ASD, we have shown that
maternal vaccination during pregnancy was
significantly associated with lower odds of
autism in children. In our study, the only
reported vaccine to be administered to the
pregnant women was the influenza vaccine.
That could mean that this vaccine could have
a protective effect against the development
of ASD. One study has investigated the link
between maternal influenza vaccination
during pregnancy and ASD risk in a cohort of
196,929 children.’? The authors did not find
any association between influenza infection,
vaccination during pregnancy, and risk of
ASD. Other studies have shown that mothers
of children with ASD were more likely to have
had or been exposed to influenza during
gestation or fever secondary to influenza.’>*
Therefore, the vaccine, by preventing fever due
to influenza, could have protected the children
from developing symptoms of ASD.

A limitation of this study included its
retrospective design. Hence, it relied on
information based on the recall of parents of
some details that could date from several years
prior. Moreover, our sample was matched for
age and district of living, but not for sex. It was
composed of more female than male children,
predisposing us to a selection bias. In addition,
the sample size could be considered small, but
it remains large enough to provide a sufficient
statistical power for our analyses, and we
performed a multivariable analysis taking
the presence versus the absence of ASD as a
dependent variable to avoid any confounding
factor. Also, we did not report any detailed
information related to pollution, especially
with the waste burning consequent to the
waste management crisis between 2015 and
2017.%

However, we included a representative
sample of the Lebanese population with
ASD with several factors that were evaluated
comparatively with a random sample of
controls matched for age and district. All
children with ASD were diagnosed by a
psychiatrist, and face-to-face interviews
were conducted with the parents who had
the medical health record at the moment
of the interview, which reduced the risk of
information bias.
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Our results demonstrated the importance
of conducting regional studies to elucidate
the particularities of the environmental
factors that might contribute to ASD. Such
results are of great relevance, since some
of the identified factors herein could be
avoidable or modifiable, suggesting the need
for implementing timely and appropriate
evidence-based practices and public health
strategies, which emphasize health promotion
culture, screenings, and diagnosis, as well as
disease prevention in pregnant women that
could reduce ASD, among other disorders,
especially in highly prevalent countries, such
as Lebanon. More studies are also crucial to
better identify the combination of factors and
gene-environment interactions that could be
considered as potential risk factors for ASD,
thereby improving earlier detection and better
management of ASD. Future studies analyzing
biological samples for genetic, epigenetic,
and inflammatory markers are necessary to
elucidate the underlying mechanisms and
start a new era for research studies based
on modifiable risk factors for developmental
disorders.
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