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Abstract

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition marked by
deficits in social communication and the presence of restricted, repetitive behaviours. Despite
the global prevalence of ASD, its diagnosis and treatment remain challenging due to the absence
of specific biomarkers and the heterogeneity of symptoms. ASD is incurable and current
management options aim to minimize the symptoms and maximize the patients’ ability to
function. There is no one standardized treatment for ASD at present, recommended medical
interventions involve various therapies which include cognitive behavioral therapy alongside
additional personalized pharmacological symptomatic treatments. New approach for ASD
management includes sensory integration therapy (SIT) as well as dietary interventions, like
gluten-free, casein-free and ketogenic diets. Other innovative treatment strategies are targeted
at gut microbiome and include probiotic treatment and fecal microbiota transplant. In this
review possible genetic variants associated with ASD are discussed as well as their influence
on the manifestation and management of clinical symptoms. For a better understanding on how
genetic variables impact drug effectiveness in individuals and the importance of
pharmacogenetics in ASD. This paper aims to explore the available and possible treatment
options as well the genetic components associated with ASD. In summary, this paper reviews
the current and emerging treatment options for ASD.
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Introduction

Autism Spectrum Disorder (ASD) is a condition characterized by varying symptoms
such as deficits in social communication as well as restricted, repetitive or atypical sensory-
motor behavior [1]. These disorders appear at an early stage of child's development with
diagnosis taking place at various stages of the patient's life. This is primarily due to diagnostic
challenges associated with the lack of disease-specific biomarkers, varying severity ranging



from very mild to severe in addition to clinicians relying solely on the child's behavior caused
by [2]. The cause of the disorder is heterogeneous, attributed to genetics but also to the interplay
of other factors influencing abnormalities in brain development and neuronal reorganization
[3]. According to data from the World Health Organization (WHO), currently 1 in 100 children
worldwide has autism spectrum disorder. Due to the scale of its prevalence, awareness and
knowledge of autism spectrum disorder has significantly increased over the past few decades
[4]. This has led to the initiation of numerous studies aiming to find the "golden therapy" for

patients who require constant care and are unable to be independent throughout their lives.

Current Treatments and Intervention for Autism Spectrum Disorder

Currently available treatment methods involve cognitive behavioral therapies alongside
additional personalized pharmacological symptomatic treatment. Parents are taught how to
cater for their children with emphasis on creating conducive environments for the children to
slowly take initiative. In cases of children with significant intellectual delay parents should
avoid initiating tasks instead they can take on an open verbal and expressive role. Every
milestone achieved allows parents to positively cope and it also influences progressive child’s
development [2]. Therapist conducted cognitive behavioral therapies one-on-one with the
patient allows speech and other cognitive skill development. These can be conducted in group
settings for both parents and children with anxiety reduction a predominant occurrence in
children with ASD as a focal point [5]. Pharmacological treatment aims to address behavioral
comorbidities. Atypical neuroleptics and serotonin and dopamine receptors antagonists
risperidone and aripiprazole are commonly prescribed. Their action on neurotransmitters
reduces agitation and irritability [6,7]. In case of iatrogenic obesity associated with their use,
metformin can be used as the treatment of choice [8]. Methylphenidate is used in the treatment
of patients with ADHD, however for epilepsy, anxiety and mood disorders the recommended
pharmacotherapy is the same as for patients without ASD [9]. Present-day treatment approaches
do not cure ASD but focus mainly on minimizing and in some cases eliminating symptoms so

that the patients become as independent as possible.

Sensory integration therapy



Sensory integration therapy (SIT) is a treatment approach based on Ayres' theory (1972),
which suggests that behavioral problems in children with ASD result from a limited ability to
process and integrate sensory events [10]. Atypical sensory reactivity may be key to many
behavioral abnormalities in these patients, hence prompting a thorough assessment of sensory
functions in children with ASD [11]. In 2013, sensory-related disorders associated with
hyperreactivity or hyporeactivity were included as diagnostic criteria in DSM-5 (American
Psychiatric Association, 2013) [12]. Moreover, in 2021, Ayres' approach to sensory integration
was recognized as an evidence-based practice by the National Clearinghouse for Autism
Evidence and Practice (NCAEP) [13]. SIT involves trying to organize the sensory system
through stimuli that stimulate auditory, tactile, vestibular, and proprioceptive receptors. During
sessions, special equipment is used, which can be in the form of balls, swings, weighted vests,
cushions, etc. [14]. Tests conducted on a group of autistic individuals of the same age,
examining the issue of sensory processing assessed on the SCOPE scale, demonstrated that the
intervention group showed significantly greater improvement in all areas except for the factor
“emotional reactivity.” The study revealed that SIT can improve occupational performance and
the ability to process sensory information in children with ASD. Therefore, therapists may
consider it effective in improving social skills and subsequently the child’s health [15]. It has
also been proven that sensory integration positively affects the well-being of patients and their
families [16]. It helps parents better understand their children's behavior, problems related to
their behavior, and it also teaches them how they can be of support resolving them daily [17].
Studies have emphasized the positive impact of SIT on the development of patients' learning
abilities [18]. There have been discussions on the significance of sensory integration therapy in
the development of emotional intelligence [19], as well as its effectiveness in alleviating
emotional and behavioral problems [20, 21]. The key in this case is the improvement in
communication, socialization, and daily living skills of patients [22]. Sensory integration
therapy contributed to improved motor function in the study patients [23]. Sensory integration
of autistic children has also been proven to reduce stereotypic behavior by seeking a particular
aspect of stimulation, which maps a positive effect on reducing stereotypic behavior [24]. Some
studies also highlighted the lack of sufficient evidence on SIT’s effectiveness, with emphasis
on the low methodological quality in studies that showed a positive impact of SIT. After an
increase in the quality of conducted analyses, achieved outcomes showed a tendency towards
negative results [25]. There is also interest in the cost-effectiveness of sensory integration.
Sensory integration therapy is more costly compared with usual care alone. According to some



studies, SIT does not demonstrate clinical benefit above standard care. Subgroup effects are
hypothesis-generating only, and there is insufficient evidence to confirm this thesis [26].

Gluten-free, casein-free and ketogenic diet

It has been proven that patients diagnosed with ASD frequently suffer from

gastrointestinal symptoms [27]. Moreover, a correlation was observed between intensity of the
digestive problems and the increase in anxiety and sensory sensitivity in children with ASD
[28]. Higher concentrations of Clostridium spp. and their toxins were revealed in ASD patient’s
contrary to healthy individuals [29]. Studies conducted on siblings confirmed that ones with
ASD have a higher tendency to constipation than their healthy brothers and sisters [30].
The gut microbiome is one of the most promising areas of science today. Importance of gut-
brain axis in etiology and symptoms of ASD is constantly under research. Diets suggested so
far are still controversial and the evidence of their positive influence is mainly relevant for
improvement in behavioral responses, while the mechanisms and the physiological
consequences are unclear. Despite this ambiguity, however, some groups of ASD patients may
benefit from using an appropriate diet [31].

One theory identifies the excess of opioids as the probable cause,in particular, because
casein and gluten are the source of opioid peptides. It is believed that incomplete breakdown of
proteins to amino acids leads to generation of gluteomorphin and casomorphin. Those peptides
enter the bloodstream due to excessive intestine wall permeability which is often observed in
patients with autism and then with blood they get to the central nervous system. Those
molecules, structurally like opioids, activate opioid receptors in the brain [30].

So far, the significance of this pathway in ASD etiology has not been proven, even
though the urine of individuals who follow a gluten-free diet contained lower peptide
concentrations and people from this group experienced alleviation of gastrointestinal symptoms
[32]. Moreover, innate disruption of immune system activity, which may result in excessive
immune response to mild environmental factors, such as dietary proteins [33]. Studies revealed
that 87% children with autism diagnosis and concurrent gastrointestinal symptoms have

elevated levels of anti-gliadin antibodies and 90% of them have increased anti-casein antibodies



[30]. The earlier mentioned gliadin, which is a glycoprotein found in gluten, induces higher
leakage of macromolecules through intestinal wall [34].

However, despite the rising number of theories supporting the introduction of casein-
free and gluten-free diets, earlier investigation of the physiological effects of exclusion of so
many food components is crucial. It is important to ensure that those dietary patterns do not
have a negative influence on the gut microbiome of autistic patients, which is inherently
impaired, through elimination of favorable microbes and growth of the opportunistic ones [35].
Opponents of this solution point out the elimination of the sources of fiber from the diet, which
may worsen the symptoms of constipation and even lead to malnutrition. The latter may result
in suppression of bone formation and production of neurotransmitters with the risk of
enhancement of behavioral problems [30]. Currently, literature and studies which are
disqualified because of methodological limitations do not enable to determine whether
introducing a casein-free or gluten-free diet is efficient [36]. Present state of knowledge only
allows to recommend elimination diets in case of diagnosed intolerances to allergens contained
in food [30].

A ketogenic diet (KD), characterized by high fat content, mobilizes the body to use fat
as a source of energy, which positively affects metabolic/mitochondrial disturbances and
epileptic fits. Laboratory studies in mice have shown evidence of favorable influence on
neuronal processes, formation of myelin and white matter, which may contribute to alleviation
of ASD symptoms [37]. Additionally, normalization of gut microbiome constitution with
reduction of its abundance was observed, which would explain the easing of the neurological
manifestations [38]. KD increases gut microbial diversity, due to elevation in production of
butyrate, which is associated with decreased levels of pro-inflammatory cytokines. Moreover,
KD lowers brain-derived neurotrophic factor (BDNF) levels and alters levels of BDNF-
associated miRNAs in the plasma, which impact brain activity through epigenetic pathways
[39]. It was shown, however, that KD may lead to many adverse effects, including constipation
and gastroesophageal reflux disease. Abovementioned illnesses have an inflammatory origin of
which risk is elevated while following KD [40].

Since emergence of ASD is linked to inflammation, oxidative stress, immunological
dysfunction and mitochondrial malfunction, the new dietary approach to autism targets
consumption of polyphenols. Implementation of resveratrol (RES), which is a natural plant
antitoxin, decreases levels of ROS and neuroinflammation by activating silent information

regulator-1 (SIRT-1). Studies show that upregulation of SIRT-1 has a neuroprotective effect in



ASD due to lowering NF- kB mediated neuroinflammation. The clinical effect observed in
animal models is alleviated social impairment and stereotyped activity as well as improved
hyperactivity, anxiety and cognitive function [41, 42].

At present none of the diets is routinely recommended for children diagnosed with
autism, but they set out on a path toward a non-invasive treatment and research for less

restrictive efforts aiming at improvement of patient’s microbiome [43].

Probiotic treatment and fecal microbiota transplant

Recently, much study has been done concerning the role of bidirectional gut-brain axis
in the pathogenesis of diseases, starting from depression, anxiety and irritable bowel syndrome
and ending with the neurodevelopmental disorders, such as ASD. Studies in animals have
shown that bacterial colonization of intestines has a significant influence on the development
of central nervous system and enteric nervous system [44]. Trials using western eating patterns
indicated that this type of diet promotes inflammation, which has a negative impact on
behaviour and anxiety [45]. However, high polyunsaturated fats intake may alleviate depression
[46].

Progress in scientific research enabled observation of positive influence of treatment
with probiotics and prebiotics. By optimizing gut microbiome, they have a beneficial influence
on improvement of coexisting ASD symptoms [47]. Probiotics are living microorganisms that
are intended to have health benefits through restoring the gut microbiota. A study conducted on
the maternal immune activation (MIA) mouse model proved that Bacteroides fragilis oral
therapy regulates gut permeability, changes the microbiological composition of intestinal
content and improves behavioral problems in ASD. In the same experiment 4-ethylphenyl
sulfate (4EPS) was used to trigger behavioral disorders in mice. 4EPS is a metabolite derived
from microbiota, which further confirms the participation of gut microbiota in ASD
pathogenesis [48]. In another experiment on mice, maternal high-fat diet (MHFD) was applied,
inducing intestinal dysbiosis in offspring and accompanying social dysfunctions. Subsequently,
L. reuteri bacterial strain was administered as a part of a therapy and resulted in correction of
oxytocin levels and behavioral deficits [49]. In study conducted on 15 autistic participants,
implementing oral SB-121, a combination of L. reuteri, dextran microparticles and maltose
administered once daily for 28 days, resulted in improvements in adaptive behavior measured



by Vineland-3 Adaptive Behavior Composite score and social preference as measured with eye
tracking. SB-121 was safe and well tolerated with no serious adverse events [50]. Another study
investigating the influence of L. reuteri showed that its strains ATCC-PTA-6475 and DSM-
17938 improve social functioning in children with autism without affecting autism severity or
repetitive behaviors. In a mouse model only the 6475 strains reversed the social deficits.
However, further research on strain-specific effects is needed [51].

Prebiotics include inulin, fructooligosaccharides, galacto-oligosaccharides and
lactulose. Those selectively fermented, non-digestible components promote change in the
composition or/and activity of intestinal microbiome [47]. Studies dedicated to supplementation
of oligosaccharides revealed their inductive impact on Lactobacilli and Bifidobacteria growth
as well as neurotrophic effect [52]. Subsequent research has shown that galacto-
oligosaccharides intake suppresses neuroendocrine response to stress [53]. 6-week Bimuno®
galactooligosaccharide (B-GOS®) prebiotic intervention combined with gluten and casein-free
diet in 30 autistic children, showed a significant improvement in social skills, decrease in anti-
social behaviours and changes in intestinal microbiome composition [54].

Another method of treatment which is being investigated is fecal microbiota transplant
(FMT). Compared with probiotics, which contain only a few bacteria species, FMT comprises
about a thousand species of bacteria and is applied in treatment of various gastrointestinal tract
disorders [55]. The scientists see the potential of FMT in ASD treatment, due to its capability
to rebalance the gut microbiome. The latest research shows that FMT leads to decrease in the
scores of Autism Behavior Checklist (ABC), Social Responsiveness Scale (SRS) and
Childhood Autism Rating Scale (CARS), which indicates that FMT clinically improves ASD
symptoms. Additionally, the improvement may be greater with the number of courses of FMT
treatment [56]. However adverse effects of the therapy were also noticed, since there are many
undetermined microbes in the gut which may be pathogenic while being introduced to the host’s
intestinal system. Hence, to minimize the risk, strict donor screening is needed [57].

Microbiota transfer therapy (MTT) is a method similar to FMT, however MTT involves
preparation by antibiotic treatment, a bowel cleanse, a stomach acid suppressant, preceding the
FMT procedure [58]. In the study consisting in 8-week MMT therapy, significant improvement
of digestive problems and behaviors typical for ASD was observed in 16 out of 18 children,
which persisted at least 8 weeks after treatment. MTT had a favorable effect on gastrointestinal
problems, by decreasing approximately 80% symptoms of constipation, diarrhea, indigestion,
and abdominal pain. It also resulted in improvement of SRS, ABC, CARS and Parent Global



Impressions-111 (PGI-111) scores [59]. Interestingly, a follow-up with the same 18 participants
two years after abovementioned treatment, resulted in the maintenance of the positive effect on
digestive symptoms and even greater improvement of ASD symptoms, accompanied by
favorable changes in gut microbiome [60]. These findings further confirm the positive influence
of microbiota-targeted therapies and their long-term safety and efficacy.

Currently the role of the intestinal microbiome in pathogenesis of ASD remains unclear
and therefore it is important to thoroughly investigate the immune, neuronal and hormonal
pathways in the gut-brain axis. Additionally, clarification of the differences in observed
microbiological changes in patients with ASD is crucial. It is essential to study the safety of
using probiotics and FMT in animal models and humans as well as analyze the effects of

implementing various symbiotic species and their metabolites [61].

Genetic Testing - Pharmacogenetics

Many studies have shown that the pathogenesis of autism spectrum disorder has a
genetic component. At the same time, they indicate the involvement of hundreds of gene
variants with variable effects that lead to manifestations of diversified ASD symptoms [62].
Various genome mutations are detected, from single-nucleotide deletions, insertions to changes
involving thousands of base pairs. De novo mutations account for a larger percentage of the
genome mutation variants [63][64]. Multiple rare gene variants are also contributors associated
with ASD and they still require further exploration [64]. Ongoing genetic research have
highlighted genetic variants associated with ASD, taking its diagnosis beyond behavioral
changes as the key diagnostic tool. Having a better understanding of the underlying mechanisms
will help tailoring optimized treatment which will ensure enhanced clinical outcomes and

patients’ quality of life [65].

Gene penetrance is pivotal in determining phenotypic frequency, expressivity as well as
the intensity of clinical manifestations of a given genetic variant. In order to make a definitive
diagnosis, parents’ genetic assessment and evaluation whether the patient’s results significantly
deviate from the expected results is highly recommended in cases of newly detected de novo
mutations [66]. Gender plays a role in the risk of autism spectrum disorder, women showed
greater resistance to mutational implications associated with ASD [67, 68]. Additional
implications are introduced by wide phenotypic pleiotropy. The scope of children with ASD
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includes various degrees of intellectual disability, epilepsy, attention deficit hyperactivity
disorder, concomitant somatic diseases. Therefore, full range phenotype detection will be
pivotal in the clinical management of comorbidities since it will enable surveillance and early

intervention in the event of increased risk associated with having a specific mutation [69].

The aim of genetic testing is to find correlation between a given genotype and its
sensitivity to given pharmacological compounds, for example rapamycin admission targets are
Tuberous sclerosis 1(TSC1), Tuberous sclerosis complex 2 (TSC2), phosphatase and tensin
homolog (PTEN), Neurofibromatosis type 1(NF1) mutations [65]. In pharmacogenetic testing,
the focus is on the patient’s response to treatment and the possible occurrence of side effects.
This is important in assessing whether a given drug brings more benefits than harm which is
crucial in optimizing therapy for the patient. Most pharmacogenetic studies focus on
antipsychotics, antidepressants and stimulants due to their common use in children with ASD
[70][71]. AJ T MacCracken et al study showed that patients with specific genetic variants have
better response to methylphenidate treatment [72].

The essence of genetic research is to acquire better understanding of pathomechanisms
of ASD.A research based on mice with PTEN mutations was conducted to detect changes in
neurodevelopmental processes in patients with this genetic variant. The study showed the
importance of PTEN during neurogenesis as well as the associated behavioral abnormalities
between PTEN-ASD patients and Pten cKO mice studied. Comprehensive analysis is still
required in order to understand the pathomechanism behind PTEN-ASD [73]. Further
knowledge of the pathophysiology of ASD and its association with mutations would allow

breakthroughs in optimizing treatments.

Presently, there are many obstacles in the way for patient tailored treatments, mostly
because genetic diagnostics is only conducted in cases of co-occurrence between intellectual
disabilities and somatic disorders which in turn slows down data surveillance of new genotypes
and clinical manifestations. This also reduces information and knowledge accessibility for both
the family and medical staff providing care for the patient. Increasing financial outlays could
increase the overall number of people genetically tested, which would enable obtaining

comprehensive data about rare variants leading to the discovery of new associated genes[74].
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Due to the scarcity of resources, genetic testing is inaccessible in many developing countries
[75].

Summary

In recent years we have observed a rapid increase regarding ASD diagnosis and
treatment. The reason behind the great involvement of many scientists is because ASD is
becoming more and more common within the general population. Research is focusing on
determining safety and effectiveness regarding new therapies, from less invasive sensory
therapies and restrictive dietary approaches to targeted therapies. Scientists are particularly
expectant about genetic testing since the results will allow creating patient-based treatment
models. This would enhance the therapeutic effect of pharmacotherapy and also reduce the
occurrence of adverse events in ASD comorbidities treatment. The latest evidence on new
treatments is insufficient in order to implement them into clinical practice. However, further
research based on current achievements may provide instrumental aid in increasing the

efficiency of therapy for children with ASD in the future.
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