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Abstract

Children with Autism Spectrum Disorders (ASD) or autism are more prone to
gastrointestinal disorders than the general population. These disorders can significantly
affect their health, learning, and development due to various factors such as genetics,
environment, and behavior. The causes of gastrointestinal disorders in children with
ASD can include gut dysbiosis, immune dysfunction, food sensitivities, digestive
enzyme deficiencies, and sensory processing differences. Many studies suggest that
numerous children with ASD experience gastrointestinal problems, and effective
management is crucial. Diagnosing autism is typically done through genetic,
neurological, functional, and behavioral assessments and observations, while
gastrointestinal tests are not consistently reliable for diagnosis. Some gastrointestinal
tests may even increase the risk of developing ASD or exacerbating symptoms.
Addressing gastrointestinal issues in individuals with ASD can improve their overall
well-being, leading to better behavior, cognitive function, and educational abilities.
Proper management can improve digestion, nutrient absorption, and appetite by
relieving physical discomfort and pain. Alleviating gastrointestinal symptoms can

improve sleep patterns, increase energy levels, and contribute to a general sense of well-




being, ultimately leading to a better quality of life for the individual and improved
family dynamics. The primary goal of gastrointestinal interventions is to improve
nutritional status, reduce symptom severity, promote a balanced mood, and increase

patient independence.
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Core Tip: Children with Autism Spectrum Disorder (ASD) often experience
gastrointestinal disorders that can significantly impact their health, learning, and
development. Various factors, including genetics, environment, and behavior can cause
these disorders. For children with ASD, gastrointestinal issues may stem from gut
dysbiosis, immune dysfunction, food sensitivities, digestive enzyme deficiencies, or
sensory processing differences. Proper management of gastrointestinal issues may lead
to better overall well-being, improved behavior, cognitive function, and educational
abilities. Effective management can reduce physical discomfort, improve sleep patterns,
increase energy levels, promote a sense of well-being, and improve nutrient absorption,
digestion, and appetite. The primary objective of gastrointestinal interventions is to
enhance nutritional status, reduce symptom severity, promote balanced moods, and

increase patient independence.

INTRODUCTION

The prevalence of ASD (autism spectrum disorders) has increased since Leo Kanner
was first illustrated in 1943 and Continueéto rise [11. ASD is a neurodevelopmental

disorder, which includes, in addition to autism, Asperger's disorder and pervasive




developmental disorder- not otherwise specified. Pervasive developmental disorders,
which include Rett's disorder, childhood disintegrative disorder, and overactive
disorder, are also related. It may overlap with attention deficit hyperactivity disorder 21,
The prevalence of ASD varies from country to country, with an average of 1%
worldwide. In the United States, the incidence of ASD can be as high as 1/59 in 2014,
according to the Centres for Disease Control and Prevention ], while it can reach 1/64
in the United Kingdom Bl. The prevalence of ASD may be underestimated in some parts
of the world, such as Bahrain, where it is estimated to be 1/1000, due to missed
diagnoses and lack of official recordings [1l. ASD is more common in boys than girﬁ
with a higher prevalence in non-Hispanic white children and a lower prevalence in
Hispanic and African American/black children, with wvariability in Asian/Pacific
Residents [51. Although the exact cause of ASD remains unclear, it is widely accepted
that the development of this condition is influenced by a complex interplay of various
factors, including genetic predisposition, biological determinants such as advanced
parental age, and environmental, immunological, and psychosocial factors [6l.

ASD presents in various ways and is characterized by a combination of social,
cognitive, sensory, motor, and perceptual symptoms that typically emerge before age
three. Children with ASD exhibit behaviors, communication patterns, social
interactions, and learning styles that differ from typically developing children. They
may struggle with social communication and interaction, including difficulty giving eye
contact, displaying limited expressions of emotion, and showing little interest in others
or playing with them. They may also have restricted interests, such as playing with the
same toys in the same way repeatedly, becoming agitated over minor changes in
routine, and developing an obsessive interest in specific parts of objects, the
environment, or the body. Additionally, they may engage in repetitive or stereotyped
behaviors, such as repeating words, phrases, or sections of videos, flapping their hands,
rocking their body, or spinning in circles. Children with ASD may also experience

delays in language development, movement, sensory, and cognitive or learning skills

[7.8],




It has been observed that children with ASD are at a higher risk of developing medical
comorbidities than the general population. These medical conditions can adversely
affect their overall health, hinder their learning abilities, and worsen their autistic
symptoms. Among the common medical conditions observed in patients with ASD,
gastrointestinal disorders are particularly prevalent [°l. In this review, we highlight the
connection between gastrointestinal issues and ASD, emphasizing the importance of
understanding the role of gastrointestinal health in managing ASD.

Prevalence of Gastrointestinal Disorders in Children with ASD:

It has been observed that patients with ASD commonly experience gastrointestinal
problems, with a prevalence rate between 46% and 84% in children with ASD. These
problems manifest in numerous ways, including food intolerance and/or sensitivities,
nauseanand/or vomiting, chronic constipation, chronic diarrhea, gastroesophageal
reflux and /or disease, chronic flatulence, abdominal discomfort, ulcers, inflammatory
bowel disease, colitis, and/or failure to thrive. Additionally, food allergies are more
prevalent in children with ASD, with a rate of 20%-25% compared to only 5%-8% in
children without ASD 1%, Several factors contribute to this higher prevalence (Figure 1).
It is established that genetic factors participate in both ASD and gastrointestinal
disorders. Specific genetic mutations and variations are detected in individuals with
ASD, which may impact the development and operation of the gastrointestinal system
[111. One of the primary reasons is an imbalance and microbiota and dysregulation in the
gut microbiota. Children with ASD often exhibit dysbiosis, resulting in gastrointestinal
issues [12l. Another factor is immune system dysfunction, which some children with
ASD experience. This can lead to gut inflaimmation and further contribute to
gastrointestinal problems. Food sensitivities and allergies, particularly to gluten and
casein, are also more common in children with ASD. These sensitivities can trigger
symptoms like abdominal pain, diarrhea, and constipation. In addition, some children
with ASD may have deficiencies in digestive enzymes, which can impact the
breakdown of food components. This inadequate enzyme activity can lead to

malabsorption and subsequent gastrointestinal disturbances ['*l. It's not uncommon for




children with ASD to experience gastrointestinal motility issues, which can lead to
problems like constipation or diarrhea. These issues can arise from various factors,
including abnormal serotonin levels linked to ASD and gastrointestinal dysfunction 4],
Children with ASD frequently display selective and limited eating habits, leading to
unbalanced diets that lack essential nutrients. These dietary restrictions may contribute
to gastrointestinal issues like constipation or diarrhea ["*l. Additionally, individuals
with ASD often exhibit sensory processing differences, making them hypersensitive or
hyposensitive to sensory stimuli. These differences may affect their perception of
gastrointestinal sensations, resulting in discomfort or altered responses to normal
digestive processes [16l. Unfortunately, the general public, some parents, and
professionals may misinterpret sudden improper behaviors due to GI discomfort from
children with ASD as lousy behavior that came up from nowhere or just to avoid
activity. For instance, during an activity, the child might have severe abdominal or
gastrointestinal pain that forces him/her to scream and move from the place.
Meanwhile, the adults may interpret the child's behavior as improper behavior and
escape trial. Children with ASD are more liable to have dysautonomia and abnormal
dietary metabolites. Furthermore, gut and brain communications are bidirectional
through the gut-brain axis. Children with ASD often have altered gut-brain
communication, leading to an impaired gut-brain axis. This can contribute to digestive
issues and affect gastrointestinal function [7l. Children with ASD frequently display
selective and limited eating habits, leading to unbalanced diets that lack essential
nutrients. Their insistence on sticking to stereotypical diets can result in inadequate
fiber and fluid intake, causing gastrointestinal symptoms. These dietary restrictions
may also contribute to gastrointestinal issues like constipation or diarrhea ['°l. Certain
medications can also affect bowel function, such as stimulants causing abdominal pain
and Peta-blockers causing constipation, diarrhea, and stomach irritation [18].

Children with ASD may experience pain and discomfort due to gastrointestinal
disorders, which can interfere with their learning. Children with ASD who are

nonverbal may exhibit behavioral problems like posturing, self-injury, or outbursts




without apparent causes due to unrecognized gastrointestirﬁl disorders, specifically
reflux esophagitis and disaccharide malabsorption. However, these manifestations may
be mistakenly overlooked as a behavioral problem instead of a medical condition since
many children with ASD have difficulty expressing their symptoms or discomfort to
their parents or physicians. Lactase deficiency, common in children with ASD and not
associated with intestinal inflammation or injury, may also contribute to abdominal
discomfort, pain, and obvious behavioral problems ['9]. It can be challenging to diagnose
gastrointestinal symptoms in children with ASD due to the lack of established clinical
guidelines that prioritize routine assessment of potential medical ﬁ)nditions or
gastrointestinal issues in this population. This is particularly challenging because many
children wjth ASD are nonverbal and cannot convey pain or discomfort through
language. Even those who can communicate verbally may experience difficulty
describing subjective experiences or symptoms compared to their typically developing
children. As a result, guidelines that specifically address this issue are crucial [20].
Healthcare professionals should know that children with ASD may experience
gastrointestinal dysfunction, mainly if they exhibit unusual postures or movements,
have trouble sleeping, are intolerant to certain foods, or display aggressive or self-
harming behaviors. To properly assess these issues, clinicians should gather a
comprehensive gastrointestinal and nutritional history covering the patient's eating
habits, any allergies or food sensitivities, and bowel movements in children with ASD
[21],

It's essential to consider a child's sleep history when diagnosing underlying
gastrointestinal disorders, as they may manifest as disturbed sleeping patterns [22.
Healthcare providers should thgroughly review the child's medication, growth history,
and sleep habits. Additionally, they should be able to identify vocal, sensory, or motor
behaviors that may indicate the presence of pain related to gastrointesﬂ"nal disorders.
Vocal behaviors associated with gastrointestinal disorders may include throat clearing,
guttural sounds, spitting up in infants, ear rubbing, habitual coughing, or difficulty

swallowing. Motor behaviors related to gastrointestinal disorders include seeking belly




pressure, pointing behaviors, certain repetitive behaviors, abnormal neck or body
posture, and aggressive or self-injurious behaviors. Studies have shown a strong
correlation between aggressive behavior and underlying gastrointestinal disorders 123,
and more severe autistic features tend to be linked to severe gastrointestinal symptoms.
Gastrointestinal disorder symptoms are more likely associated with sleep disruﬁions
and food intolerances. Therefore, clinicians should consider these associations when
assessing and treating comorbidities and screening for constipation, diarrhea, or soiling
of underwear in children with ASD with prominent rigid-compulsive symptoms [24].

If a child with ASD experiences eczema, vocal, sensory, or motor signs, aggressive or
self-injurious behaviors, chronic constipation or diarrhea, or chronic spitting or
vomiting, paediatricians should consider referring them for gastrointestinal evaluation.
It is common for children with ASD who exhibit gastrointestinal symptoms to have
increased intestinal permeability. One way to evaluate this isﬁy measuring plasma
zonulin level, a valuable blood marker [251. Endoscopy can also reveal signs of allergic
esophagitis, acid reflux damage, allergic changes, or evidence of inflammatory bowel
disease in patients with ASD and abdominal manifestations [20l. Effective medical
treatment ﬁf gastrointestinal disorders may lead to improvements in behavioral
problems. If abdominal pain or discomfort is present, psychotropic medications may
not be effective and may even worsen the problem due to gastrointestinal adverse
effects. The microbiota-gut-brain axis is an emerging concept that suggests modulation
of the gut microbiota could lead to new therapeutic modalities for different complex
central nervous system disorders [271.

While studies have not found a higher prevalence of celiac disease in ASD, it's
important to note that one child out of 68 with celiac disease may develop ASD, and one
child out of 130 with ASD may develop celiac disease. Even without gastrointestinal
symptoms, those with celiac disease have been found to have a strong association with
epilepsy, cerebral calcifications, and positive responses to dietary changes. Investigating
and treating celiac disease, non-celiac gluten sensitivity, and epilepsy could potentially

lead to positive outcomes for those with ASD, even without typical gastrointestinal




symptoms or overt seizures. [2] It's crucial to consider non-celiac gluten sensitivity or
wheat sensitivity in children with ASD, especially if they have irritable bowel
symptoms and a history of atopy and allergies [2l. Medical professionals should also be
aware of the possibility of non-celiac gluten sensitivity in patients with ASD who
present with atopic disease, migraine, mood, and anxiety disorders. While many
children with ASD have experienced positive results from a gluten-free, soy-free, and
dairy-free diet, it's crucial to have a celiac test performed before attempting any dietary
changes. The gluten-free diet remains the only effective treatment for those with gluten
sensitivity, regardless of the type of manifestations. It's essential to prioritize the overall
health and well-being of patients with ASD, and understanding the potential impact of
diet and gluten sensitivity can lead to better outcomes 131,

Understanding the Gut-Brain Connection in Children with ASD:

The idea of the "second brain" ﬁrtains to the enteric nervous system, an intricate
network of neurons situated in the gastrointestinal tract's walls. The enteric nervous
system is also known as the "gut brain" or "second brain" because it can function
autonomously from the central nervous system. It has its own reflexes and sensory
abilities P1l. The enteric nervous system consists of millions of neurons communicating
with each other and the central nervous system via the vagus nerve and other nerve
pathways. It plays a crucial role in regulating different digestion aspects, such as food
movement through the digestive tract, secretion of digestive enzymes, and absorption
of nutrients B2. The connection between the brain and gut is a complex interconnection
known as the gut-brain axis. This pathway allows for two-way communication between
the central nervous and gastrointestinal systems. It comprises various components,
including the enteric nervous system, gut microbiota, immune system, and autonomic
nervous system [33. The gut-brain axis regulates physiological processes like digestion
and metabolism, influencing cognitive function, behavior, and other brain functions.
Communication between the gut and brain is facilitated through various mechanisms,
such as neurocrine and endocrine pathways [34l. Within the digestive system are trillions

of microorganisms collectively known as the gut microbiota. These microorganisms are




vital in maintaining gut health, digestion, nutrient absorption, and immune function
and significantly impact human health, including their influence on brain development
and function °L The gut microbiota is a crucial part of the gut-brain axis and is
involved in signaling from the gut microbiota to the braip, The brain, in turn, can
influence the composition of gut microbiota and control it through neurotransmitters
such as serotonin and dopamine, neuromuscular control of peristalsis, stress-induced
cortisol, and stimulation of mucus secretion. On the other hand, the gut affects the brain
through vagus nerve activation, neuropeptides, and neurotransmitters like leptin and
serotonin, immune signaling through secretory IgA, and mucous membrane barrier
integrity signaling through Zonulin protein and SCFAs like butyrate 136371. Additionally,
the microbiota can impact the brain through various mechanisms, like the production of
neurgtransmitters such as GABA, serotonin, and dopamine, the production of SCFAs
like butyric acid, propionic acid, and acetic acid, stimulation of the sympathetic nervous
system, and induction of mucosal serotonin release, subsequently affecting memory
and learning processes in the brain [31.

Children with ASD experience numerous changes that disrupt their gut-brain axis. One
significant change is an imbalance in their gut microbiota composition, known as
dysbiosis. This imbalance can disrupt the gut's normal functioning, potentially
contributing to the development of ASD symptoms (%, Research has shown that
children with ASD have reduced microbial diversity, overgrowth of certain harmful
bacteria, and imbalances in the beneficial to pathogenic bacteria ratio compared to
neurotypical individuals. These changes can impact the production of essential
metabolites, neurotransmitters, neuronal sensory processing and integration, and
immune signaling molecules, affecting brain development and behavior. The gut
microbiota also can produce and modulate neurotransmitters, including serotonin,
dopamine, and gamma-aminobutyric acid ['2. These neurotransmitters are critical in
regulating mood, sensory processing and integration, behavior, and cognition.
Disruptions in the gut microbiota can lead to imbalances in neurotransmitter

production, potentially impacting the neurodevelopmental processes associated with




ASD. In particular, serotonin, which is linked to social behavior and communication,
has been found to have altered levels in individuals with ASD. In addition, imbalances
in gamma-aminobutyric acid levels have been linked to anxiety and behavioral issues
commonly seen in children with ASD B0 Gut dysbiosis may contribute to
gastrointestinal symptoms commonly observed in children with ASD, such as
abdominal pain, constipation, and diarrhoea [41].

There is a link between the gut and brain in individuals with ASD that goes beyond
microbial composition and neuroactive compounds. Children with ASD have been
observed to experience gastrointestinal inflammation and immune dysregulation, and
chronic inflammation. When the immune system in the gut is activated, it can release
pro-inflammatory cytokines that can communicate with the brain, causing changes in
neural function ¥2I. Furthermore, immune dysregulation may lead to a compromised
blood-brain barrier, which can allow immune cells and inflammatory molecules to enter
the brain, resulting in additional effects on neurological processes [43]. Chronic
inflammation in the gut can lead to a "leaky gut," which is an increased intestinal
permeability. Increased gut permeability allows bacteria and their byproducts, such as
lipopolysaccharides, to pass into the bloodstream, causing systemic inflammation and
immune activation #4. Such inflammation can potentially affect the blood-brain barrier
and contribute to neuroinflammation, which can impact brain function and behavior,
potentially contributing to the cognitive and behavioral symptoms observed in children
with ASD 15l. The gut-brain connection is also influenced by metabolic and nutritional
factors, which are critical components. Children with ASD often have altered metabolic
profiles and frequent nutrient deficiencies. Deficiencies in vitamins, minerals, and
essential fatty acids affect brain development and function. Additionally, the
composition and diversity of the gut microbiota can be influenced by dietary factors,
which can impact the gut-brain axis [4].

Research on the gut-brain connection in children with ASD presents new opportunities
for diagnosis and treatment. By studying the composition and function of gut

microbiota and examining gut permeability and immune markers, potential biomarkers




for ASD diagnosis may be uncovered. Furthermore, interventions that target the gut
microbiota, such as probiotics, prebiotics, and dietary adjustments, have shown promise
in mitigating ASD-related symptoms and improving overall well-being [47l. To further
understand the gut-brain connection in children with ASD, more comprehensive
research is necessary. Longitudinal studies are required to determine whether gut
dysbiosis precedes the onset of ASD symptoms or is a consequence of the disorder.
Additionally, investigating the impact of early-life interventions, like breastfeeding and
antibiotic exposure, on the gut microbiota and subsequent ASD risk is crucial.
Technological advancements, such as metagenomics and metabolomics, will provide
more comprehensive insights into the mechanisms underlying the gut-brain connection
in ASD 48],

Common Symptoms and Common Mechanisms for Gastrointestinal and ASD

Spectrum Disorders:

While gastrointestinal disorders and ASD are two distinct conditions, some overlapping
symptoms and potential shared mechanisms exist between them (Figure 2). It's
important to note that researchers are still studying these associations, and the exact
nature of the relationship between gastrointestinal disorders and ASD is not fully
understood [21. Some common gastrointestinal symptoms include abdominal pain,
diarrhea, constipation, bloating, and gastroesophageal reflux (GERD), which are
observed in individuals with ASD and may contribute to their behavioral and sensory
issues. Both gastrointestinal disorders and ASD also involve sensory sensitivities, such
as heightened responses to certain textures, physical pressure, movement, sounds,
tastes, and smells. Additionally, many individuals with both conditions exhibit food
selectivity, preferring specific foods while avoiding others, and may limit their diet due
to food intolerances and / or sensitivities 491,

Common mechanisms between the two conditions include gut-brain axis disruptions,
gut and systemic inflammation, altered serotonin levels, and genetic factors. For

example, alterations in gut microbiota composition, intestinal permeability, and




abnormal immune responses have been implicated in both gastrointestinal disorders
and ASD 4l Chronic low-grade inflammation in the gut may lead to systemic
inflammation, which can affect brain function and contribute to cognitive, sensory
processing and integration, and behavioral symptoms seen in ASD. Additionally,
altered serotonin levels have been found in both conditions, suggesting a potential link
between them [l Furthermore, both gastrointestinal disorders and ASD have a genetic
component, and certain genetic variations may make individuals more susceptible to
developing one condition when the other is present [51.

Gastroesophageal Reflux:

Gastroesophageal reflux is a common gastrointestinal issue where stomach acid and
contents flow back into the esophagus. It can affect individuals with or without ASD,
but studies suggest that those with ASD may have a higher prevalence of
gastroesophageal reflux [521. The exact reasons for this are not fully understood, but
possible factors include delayed gastric emptying, abnormal esophageal motility, and
differences in sensory processing [201.

Individuals with ASD who suffer from gastroesophageal reflux may exhibit abnormal
behaviors due to various factors. Although the link between gastroesophageal reflux
and abnormal behaviors in ASD is not entirely understood, it is believed that sensory
sensitivities play a significant role [3. This is because discomfort related to
gastroesophageal reflux can trigger physical discomfort and pain, leading to irritability,
restlessness, or agitation, which may manifest as abnormal behaviors [
Communication challenges may also contribute to the problem as patients with ASD
may have difficulty expressing their discomfort or pain verbally. Instead, they may
resort to unconventional ways of communicating their distress, such as self-stimulatory
behaviors or challenging behaviors [5]. Individuals with ASD thrive on routines and
predictability, making gastroesophageal reflux a significant disruption to their daily
routines. For instance, mealtimes or feeding schedules may be affected, leading to
frustration or anxiety, which can trigger changes in behavior or increased rigidity in

following established patterns. Heightened anxiety and stress levels can then trigger or




exacerbate abnormal behaviors as a way of coping with physical and emotional
discomfort [211.

Diagnosing gastroesophageal reflux in individuals with ASD can be difficult as they
may exhibit atypical or subtle symptoms. These could include irritability, behavioral
changes, eating refusal, gagging, choking, or discomfort during feeding.
Communication difficulties may further hinder their ability to express or describe their
symptoms accurately [52l. As such, it is crucial to identify the signs of gastroesophageal
reflux and seek appropriate medical attention. A healthcare professional specializing in
ASD can determine the underlying cause of gastroesophageal reflux and suggest
treatments like dietary adjustments, medications to reduce acid reflux, or other
interventions as required 5. Managing gastroesophageal reflux in individuals with
ASD involves following standard guidelines for gastroesophageal reflux treatment.
These may involve making lifestyle changes such as adjusting their diet, elevating their
head during sleep, managing their weight, and refraining from lying down right after
eating. Depending on the severity of the condition, medications like antacids, proton
pump inhibitors (PPIs), or histamine-2 receptor blockers (H2 blockers) may be
prescribed to reduce acid production or neutralize stomach acid [57].

Helping individuals with ASD communicate their discomfort and pain can be achieved
through various methods such as alternative communication, visual aids, or assistive
technology P°8l. Additionally, sensory therapy plans and integration strategies can be
implemented at home to manage discomfort related to gastroesophageal reflux. This
can involve activities that provide sensory input, offering comfort items like weighted
blankets or fidget toys, or creating a sensory-friendly eating environment [,
Consulting certified occupational therapists with a sensory integration specialty can be
beneficial in creating specific plans to address abnormal sensory processes that
contribute to behaviors associated with gastroesophageal reflux. These plans may
include using sensory tools, training alternative coping skills, providing visual
schedules, or employing positive reinforcement techniques (. Establishing routines

and maintaining predictability can also help individuals with ASD manage disruptions




caused by gastroesophageal reflux. Clear visual schedules and social stories can assist
them in understanding and preparing for changes in their daily routine [6ll. Consistent
monitoring, follow-up, and open communication between caregivers, healthcare
professionals, and educators are essential for the effective management of
gastroesophageal reflux in individuals with ASD [¢2].

Abdominal Pain:

Individuals with ASD commonly report experiencing abdominal pain, which can have
varying severities and causes, including gastrointestinal and non-gastrointestinal
factors. To determine the underlying cause, conducting a comprehensive differential
diagnosis is significantly important. Several gastrointestinal causes may affect
individuals with ASD. These include gastroesophageal reflux disease, constipation,
irritable bowel syndrome, food intolerances or sensitivities, and inflammatory bowel
disease Il Gastroesophageal reflux disease is caused by stomach acid flowing back into
the esophagus and can cause discomfort and irritation. Constipation can be more
prevalent in individuals with ASD and may lead to abdominal pain. IBS is a functional
gastrointestinal disorder characterized by changes in bowel habits, bloating, and
abdominal pain. Some individuals with ASD may e specific intolerances or
sensitivities to certain foods, such as gluten or lactose. Inflammatory bowel disease,
including Crohn's disease and ulcerative colitis, involves chronic digestive tract
inflammation and can cause abdominal pain [631.

Aside from gastrointestinal causes, other factors can lead to abdominal pain, such as
sensory sensitivities, urinary tract infections, musculoskeletal issues, anxiety and stress,
and medication side effects. Individuals with ASD may experience heightened sensory
responses, leading to discomfort from certain sensations like pressure on the abdomen,
clothing textures, or internal sensations. Urinary tract infections, including bladder
infections, can also cause abdominal pain, especially for those with difficulty expressing
or communicating their symptoms [#4. Muscle strain, spasms, or other musculoskeletal
problems can result in abdominal pain. Emotional factors like anxiety and stress can

also have physical manifestations like abdominal pain. Furthermore, some medications




used to treat ASD symptoms or other co-occurring conditions may list abdominal pain
as a potential side effect [65].

Diagnosing abdominal pain in children with ASD can be challenging due to various
factors. Communication and behavioral differences associated with ASD can make it
difficult to assess the severity and identify the potential underlying causes of the pain.
Children with ASD may have difficulty expressing their symptoms verbally or have
limited communication skills %] Describing the location, intensity, or nature of their
abdominal pain can be challenging, making it difficult for healthcare providers to assess
the severity of the pain and identify potential underlying causes. They may also have
heightened sensory sensitivities that can affect their perception and response to pain [¢71.
They may exhibit atypical reactions or engage in self-injury as a response to pain, which
can complicate diagnosis. In addition, abdominal pain can present with various
underlying causes, some of which may overlap with common behavioral or
gastrointestinal symptoms seen in ASD. Differentiating between primary
gastrointestinal issues and pain-related behaviors associated with ASD can be complex
[68],

Diagnostic overshadowing is another problem involving properly identifying
abdominal pain in children with ASD. Healthcare providers may attribute symptoms
solely to a child's ASD rather than considering other potential underlying medical
conditions [#91. Abdominal pain may be overlooked or dismissed as a behavioral issue
related to ASD, leading to delayed diagnosis and appropriate treatment. Furthermore,
children with ASD often experience high anxiety levels and have difficulty coping with
medical procedures or assessments, making it harder to conduct thorough physical
examinations, laboratory tests, or imaging studies to identify the cause of abdominal
pain [ It can be challenging for some patients with ASD to access appropriate
healthcare, as they may encounter various barriers. These barriers can range from
difficulties in healthcare settings to sensory overload or difficulty adapting to new

environments. Unfortunately, limited access to healthcare can lead to delays in




diagnosis and appropriate treatment, especially when it comes to addressing abdominal
pain [711.

When children with ASD experience abdominal pain, they may express their discomfort
differently. They may resort to aggression or self-injurious behaviors if they cannot
effectively communicate their pain or frustration. Additionally, they may become more
agitated or irritable, exhibit social withdrawal or isolation, and display changes in
eating habits or disruptive behaviors during mealtimes. Chronic abdominal pain can
also contribute to increased anxiety levels and emotional dysregulation, leading to
outbursts, meltdowns, or heightened anxiety levels. Furthermore, sleep disturbances
can occur, which can further exacerbate behavioral challenges and affect overall well-
being and functioning [0¢ 721,

To address these challenges, healthcare professionals may employ various strategies.
One method uses visual aids, such as visual pain scales or communication boards, to
help children express their pain levels and location [73l. Another approach is closely
observing behavioral changes or non-verbal cues that may indicate discomfort or pain.
Involving parents, caregivers, or teachers who are familiar with the child's behavior
patterns can also provide valuable insights into changes in behavior or routines. A
multidisciplinary team of pediatricians, gastroenterologists, psychologists, and
occupational therapists can provide a comprehensive assessment and accurate
diagnosis in complex cases [5¢1. It is crucial to acknowledge that every person with ASD
is different, and their medical background, sensory processing profiles and behavioral
patterns, and individual situation must be considered when assessing and addressing
abdominal discomfort [74].

Diarrhea:

Diarrhea can occur in individuals with ASD, just as it can affect anyone else. While
diarrhea itself is not directly related to ASD, individuals with ASD may be more prone
to certain gastrointestinal issues, including diarrhea. Diarrhea can affect individuals
with ASD for various reasons, and certain factors may increase the risk of diarrhea in

these patients. These factors include sensory sensitivities and dietary preferences,




dietary changes and restrictions, food intolerances and sensitivities, gastrointestinal
disorders, medications and supplements, and anxiety and stress. Pica is also an
important risk factor for diarrhea in children with ASD B9l Pica, which is eating non-
food items, is a behavior sometimes exhibited by individuals with ASD. While pica
itself may not directly cause diarrhea, there are several ways by which ingesting non-
food substances can increase the risk of developing gastrointestinal issues, including
diarrhea. These include irritation of the digestive system, blockages in the digestive
tract, bacterial or parasitic infections, and nutritional imbalances. It's important to
understand that pica is a complex behavior with various underlying causes and can
occur in individuals with or without ASD [75l. Chronic diarrhea could result from
immune dysfunction, irritable bowel syndrome, inflammatory bowel disease, intestinal
infection, food allergies, celiac disease, lactose intolerance, or excessive intake of sugary
liquids such as fruit juices. In some cases, fecal encopresis due to severe chronic
constipation can be misdiagnosed as chronic diarrhea 7¢l. However, it is important to
remember that not all individuals with ASD will experience diarrhea or have an
increased risk compared to the general population. Each person is unique, and other co-
occurring conditions or individual factors may also play a role [81.

Sometimes, children with ASD may display behaviors that resemble or are mistaken for
diarrhea. These behaviors can be categorized into four groups: sensory-seeking
behaviors, repetitive or ritualistic behaviors, communication difficulties, and sensory
sensitivities 7). Sensory-seeking behaviors involve playing with materials that may
resemble the appearance or consistency of diarrhea, such as enjoying squishing or
smearing substances like playdough, mud, or other malleable materials, which may
appear similar to diarrhea but are not actual fecal matter [78l. Repetitive behaviors may
involve movements or actions around the diaper area that can be mistaken for diarrhea.
Still, it is crucial to differentiate between purposeful behaviors and physical neuro-
sensory symptoms. Children with ASD may have difficulties expressing themselves
verbally, leading to wunconventional means of communication that may be

misinterpreted as indicating diarrhea. Lastly, sensory sensitivities can cause discomfort




or aversion to certain physical sensations around the diaper area, which may be
misinterpreted as diarrhea [79].

Managing diarrhea in patients with ASD requires a personalized approach that
considers both general strategies for diarrhea management and specific considerations
for the individual's unique needs and challenges associated with ASD. Hydration is
crucial to keep the individual hydrated, and a balanced diet that includes easy-to-digest
and gentle foods is key. Probiotics can help restore the natural balance of gut flora and
aid digestion; medications or supplements may be necessary in some cases. Visual and
social support, sensory accommodation, communication support, and personalized
strategies are also crucial for managing diarrhea effectively. It's essential to collaborate
with healthcare professionals, clinical occupational therapists specialized and certified
in sensory integration, and caregivers who are familiar with the individual's abilities to
provide tailored strategies for managing diarrhea (8051,

Constipation:

Constipation is a common gastrointestinal problem that individuals with ASD may be
more susceptible to. While there is no direct link between ASD and constipation, some
studies suggest that individuals with ASD are prone to experiencing constipation 3.5
times more than the general population [#2l. The reasons for this are unclear, but several
factors could contribute. Many individuals with ASD have sensory sensitivities,
including sensitivities to certain textures or tastes of food. This may result in a limited
diet lacking fiber-rich foods, leading to constipation. Some individuals with ASD may
have limited food preferences or engage in selective eating patterns that exclude fruits,
vegetables, and other high-fiber foods necessary for regular bowel movements [831.
Individuals with ASD may have difficulty recognizing and responding to bodily cues,
such as the urge to have a bowel movement. This can lead to a delay in seeking a
restroom or actively avoiding using the bathroom due to sensory sensitivities or rigid
routines 3. Some medications commonly prescribed for individuals with ASD, such as
antipsychotics or certain antiepileptic drugs, can have constipation as a side effect,

which can exacerbate the problem. Differences in the gut microbiome of individuals




with ASD have been found in some studies, and changes in gut microbiota can
influence bowel function and potentially contribute to constipation [85].

For individuals with ASD, constipation can sometimes lead to or be interpreted as
abnormal behaviors. Although the exact connection between constipation and such
behaviors is not yet fully understood, several factors could contribute to this
association. One factor is sensory sensitivities, as many individuals with ASD are
sensitive to certain sensations, and this discomfort can extend to constipation [8¢]. The
physical discomfort and pain caused by constipation may lead to increased irritability,
restlessness, or agitation, which could manifest as abnormal behaviors 871
Communication challenges can also be a factor, as some individuals with ASD may
have difficulty verbally expressing their discomfort or pain. They may instead resort to
unconventional methods of communicating their distress [%]. Furthermore, individuals
with ASD rely heavily on routines and predictability, and constipation can interfere
with their daily routines, causing frustration or anxiety, leading to changes in behavior
or increased rigidity in following established patterns [88l. Finally, constipation can
cause discomfort and pain, leading to increased anxiety and stress levels in individuals
with ASD, which can trigger or worsen abnormal behaviors to cope with physical and
emotional discomfort [%].

When evaluating constipation in children with ASD, a comprehensive investigation is
necessary to identify root causes and appropriate interventions. It's crucial to obtain a
detailed medical history to understand the child's bowel habits, diet, fluid intake, and
any previous diagnoses or treatments related to constipation. A physical examination is
necessary to identify signs of constipation and any physical abnormalities that could
contribute to it. A bowel movement diary can provide valuable information about
bowel patterns, triggers, and dietary habits [%l. A dietary assessment is also essential to
identify potential dietary factors contributing to constipation and assess the intake of
fiber-rich foods, fruits, vegetables, and fluids [9!l. Toileting skills should be evaluated to
determine if there are any challenges or difficulties related to recognizing the need to

use the bathroom or any routines that may interfere with regular bowel movements 2.




Additional medical tests may be necessary to determine the severity of constipation or
rule out underlying conditions. Collaboration with specialists may be beneficial in
complex cases or if there are concerns about underlying medical conditions. An
individualized management plan can be developed to address sensory sensitivities,
communication challenges, or behavioral factors that may impact the child's ability to
manage constipation effectively 31,

When dealing with constipation-related behaviors in individuals with ASD, it's
important to consider several approaches. Firstly, recognizing the signs of constipation
and seeking medical intervention is vital. It's advisable to consult a healthcare
professional experienced in dealing with ASD, as they can help identify the underlying
cause of constipation and recommend appropriate treatments such as dietary
modifications, fiber supplements, stool softeners, or laxatives 58]. Secondly, encouraging
and facilitating effective communication can help individuals with ASD express their
discomfort and pain. Alternative communication methods, such as visual aids or
assistive technology, can enhance communication and reduce frustration [94. Thirdly,
sensory strategies can help manage discomfort related to constipation. This may include
providing sensory input through appropriate sensory activities, offering comfort items
like weighted blankets or fidget toys, or creating a sensory-friendly bathroom
environment to make bowel movements more comfortable [5l. Fourthly, collaborating
with behavioral therapists or professionals experienced in working with individuals
with ASD can be helpful. They can develop behavior support plans that address the
specific abnormal behaviors associated with constipation. Strategies may include
teaching alternative coping skills, providing visual schedules, or implementing positive
reinforcement techniques [*l. Lastly, maintaining established routines and predictability
as much as possible can help individuals with ASD manage the disruptions caused by
constipation. Clear visual schedules and social stories can help them understand and
prepare for changes in their daily routine [71.

All the previous strategies should work hand in hand with strategies aimed at relieving

constipation. One effective strategy is adjusting one's diet to include fiber, fruits,




vegetables, and whole grains. Individuals with sensory sensitivities may need gradual
food diversification and the introduction of new textures and tastes [%8l. Staying
hydrated by drinking plenty of fluids, especially water, can help soften the stool and
ease bowel movements [l Establishing a regular bathroom routine, preferably after
meals, can also help develop a consistent routine for bowel movements. Regular
exercise and physical activity can stimulate bowel movements and promote healthy
digestion. If constipation persists and is associated with medication side effects,
consulting with a healthcare professional is essential to explore potential adjustments in
medication or additional treatments 1001, Regular follow-up and monitoring are crucial
to assess the effectiveness of interventions and make necessary adjustments.

Coeliac disease

Coeliac disease and ASD are two distinct medical conditions that can sometimes exist
simultaneously in an individual. Coeliac disease is an autoimmune condition that is
triggered by consuming foods that contain gluten. It affects the small intestine, leading
to inflammation and damage to the lining, which may cause various gastrointestinal
symptoms and nutritional deficiencies %1, Although some studies and case reports
suggest a possible link between coeliac disease and ASD, the exact nature of this
connection remains unclear. Some scientists suggest that shared genetic or immune
system abnormalities might contribute to some individuals' co-occurrence of these
conditions [1022I. However, further researc]his necessary to understand this association's
underlying mechanisms and prevalence. Despite studies finding no higher prevalence
of coeliac disease in patients with ASD, one child per 68 children with coeliac disease
will develop ASD, and one child per 130 children with ASD will develop coeliac disease
Pl There is a strong association between coeliac disease, even H the absence of
gastrointestinal symptoms, epilepsy, and cerebral calcifications, and positive responses
to dietary changes in these patients. Investigation and treatment of coeliac disease, non-
coeliac gluten sensitivity (NCGS), and epilepsy, even without typical gastrointestinal

symptoms or overt seizures, could yield positive outcomes for patients with ASD [25].




It is important to consider the possibility of non-coeliac gluten sensitivity or wheat
sensitivity in children with ASD, who are more likely to have atopy and allergies,
especially if they show symptoms of irritable bowel [2). When neurological
manifestations with probable autoimmune etiology are unclear, it is recommended to
determine the transglutaminase-2 autoantibody titer to consider the possibility of
gluten sensitivity ['®l. The relationship between coeliac disease and abnormal behavior
in children with ASD is complex and not yet fully understood. Both coeliac disease and
ASD share some symptoms, such as gastrointestinal issues, irritability, anxiety, and
sleep disturbances [104. Consuming gluten can lead to inflammation and other immune
responses that may affect behavior and cognition. Coeliac disease can also cause
nutrient deficiencies, such as deficiencies in vitamins and minerals, which might
contribute to abnormal behavior or exacerbate existing behavioral challenges in
children with ASD [105], While implementing a gluten-free diet in children with ASD
who have coeliac disease or gluten sensitivity may improve behavior, communication,
and social interaction, the evidence in this area is limited. Not all studies have shown
consistent results. It's important to note that the impact of coeliac disease on behavior
can vary among individuals [102].

It's worth noting that having coeliac disease doesn't necessarily mean an individual has
ASD, and vice versa. These conditions can occur separately. However, if a child with
ASD experiences gastrointestinal symptoms or other signs that suggest coeliac disease,
it's crucial to seek advice from a healthcare professional. Diagnosing coeliac disease in
children with ASD follows a similar process to diagnosing coeliac disease in the general
population, such as measuring tissue transglutaminase antibody (tTG-IgA) test,
determining HLA typing, and performing intestinal bigpsies [1%°], The gluten-free diet is
currently the only effective treatment available and should be recommended for all
patients with gluten sensitivity, regardless of the type of manifestations. Medicﬁ
professionals should be aware of the possibility of non-coeliac gluten sensitivity in
some patients with ASD, particularly those with atopic disease, migraine, mood, and

anxiety disorders. Although many children with ASD improve on a gluten-free, soy-




free, and dairy-free diet, it is important to perform a celiac test before attempting this
diet [107].
Impact of Gastrointestinal Disorders on Children with ASD:
Gastrointestinal disorders can significantly impact children with ASD. Gastrointestinal
disorders can impact all the child’s life aspects; behavior, quality of life and well-being,
social interaction: communication abilities, education capabilities, anddleep patterns,
and increase the risk of epilepsy. There is a strong correlation between gastrointestinal
symptoms and the severity of ASD, indicating that children more severely affected by
ASD are likely to have severe gastrointestinal symptoms. Health professionals should
consider the possibility of the presence of gastrointestinal dysfunction in patients with
ASD, especially in those presenting with strange posturing or movements, sleep
disorders, food intolerances, and aggressive or self-injurious behaviors 80, Table 1
summarizes the impact of gastrointestinal disorders on the various life aspects of
patients with ASD.

Impact on the patient’s behavior:
Gastrointestinal disorders can cause pain-induced agitation and irritability in children
and even lead to abnormal behaviors in individuals with ASD. For instance,
gastrointestinal pain may be mistaken for behavioral issues like abnormal posturing,
self-injury, sudden outbursts, social withdrawal or isolation, and changes in eating
habits. Individuals with ASD and oesophageal ulcerations may exhibit self-stimulatory
behaviors in response to the pain or discomfort they experience . Additionally,
gastroesophageal reflux can lead to frequent nighttime awakenings. If the patient is
experiencing constipation, it can lead to a range of behavioral changes such as toe
walking, increased irritability, restlessness, and agitation. The patient may also
experience abnormal sleep patterns, such as difficulties falling asleep, frequent
awakenings, or restless sleep, resulting in daytime irritability, fatigue, and behavioral
challenges 1'%, Constipation can even cause poor attention, reduced food intake, or
avoidance of certain foods. Additionally, toilet training problems could be caused by

chronic diarrhea or constipation. If the patient with ASD frequently digs into the rectal




area, it could indicate anal itching, which parasitic infestations like enterobiasis may
cause. However, if the gastrointestinal disorder is identified and treated with medical
intervention, the behavioral problem may decrease. It's important to note that using
psychotropic medications may not be effective and could worsen the issue if they have
adverse gastrointestinal effects, especially when abdominal pain or discomfort is
present 119, Table 2 summarizes the different behavior changes associated with various
gastrointestinal disorders in individuals with ASD.

Impact on the patient’s social interaction:

For individuals with ASD, gastrointestinal disorders can greatly affect their social
interactions. The gastrointestinal disorders-related discomfort can make it difficult for
individuals with ASD to engage in social interactions, leading to anxiety, irritability, or
a desire to withdraw from social situations [119], The sensory discomfort associated with
gastrointestinal issues, like nausea or gastrointestinal distress, can be overwhelming
and make it challenging for individuals to focus on social interactions or be present in
social environments. The discomfort or pain caused by gastrointestinal disorders may
also interfere with verbal communication or affect the individual's ability to engage in
reciprocal conversation, leading to limited social interactions and potential
misunderstandings 7. In addition, gastrointestinal disorders-related behavioral
changes can impact social interactions by affecting their ability to engage in social play,
follow social cues, or maintain relationships with peers and family members.
Meanwhile, gastrointestinal disorders can increase anxiety levels in individuals with
ASD, leading to social avoidance. They may develop fear or anxiety related to social
situations due to concerns about experiencing gastrointestinal symptoms or being
unable to manage them in public. This social avoidance can limit opportunities for
social interaction and hinder the development of social skills (1111,

Impact on the patient’s sleep:

Individuals with ASD spectrum disorder often experience disrupted sleep patterns due
to gastrointestinal disorders. Studies have found a higher prevalence of gastrointestinal

issues among those with ASD, although the exact relationship between the two is still




being researched. Symptoms such as constipation, diarrhea, abdominal pain, and acid
reflux can cause significant discomfort and pain, making it challenging for people with
ASD to fall asleep and stay asleep [12l. Moreover, sensory sensitivities among people
with ASD can exacerbate the discomfort caused by such symptoms, making relaxation
and sleep difficult. As individuals with ASD rely on routines and predictability to feel
secure, any disruptions caused by gastrointestinal disorders can lead to increased
anxiety and difficulty in transitioning to sleep 113l Changes in diet, medication, or
medical procedures can also contribute to sleep disturbances. Additionally,
gastrointestinal disorders can disrupt the regulation of sleep-wake cycles, affecting the
production and regulation of hormones and neurotransmitters essential for sleep
regulation 4. Therefore, it is crucial to address gastrointestinal issues in people with
ASD to manage physical symptoms and improve overall well-being. Effective
management strategies may involve dietary modifications, medication, behavioral
interventions, and addressing sensory sensitivities. Pediatric gastroenterologists and
ASD-specializing dietitians can collaborate to develop these strategies [1151,
Impact on the patient’s Brain Activities and Epileptic tendencies:

Individuals with ASD who experience gastrointestinal disorders may be at risk of
epileptic tendencies due to the potential influence on brain electrical activities. The gut-
brain axis facilitates bidirectional communication between the gut and brain, meaning
disruptions in the gut, such as inflammation, altered gut microbiota, or intestinal
permeability, can impact brain function and neural electrical activities [119l. Therefore,
gastrointestinal disorders in individuals with ASD may contribute to dysregulation in
brain electrical activities through this gut-brain connection [171.

Gastrointestinal disorders have the potential to cause inflammation in the gut, which in
turn releases pro-inflammatory molecules that can affect the brain and lead to
neuroinflammation. This neuroinflammation has been linked to various neurological
conditions, including epilepsy, and can result in altered brain electrical activity and an
increased likelihood of seizures [18l. Chronic inflammation in the gut may also

contribute to developing or worsening epileptic tendencies. Interestingly, some




individuals with ASD, epilepsy, and gastrointestinal disorders may share genetic
factors contributing to these conditions. Specifically, genetic variations and mutations
related to gastrointestinal function and neuronal excitability can increase the risk of
epilepsy 1191, These shared genetic factors may influence brain electrical activities and
contribute to the co-occurrence of gastrointestinal disorders and epileptic tendencies in
individuals with ASD [120],

Individuals with ASD who are prone to epilepsy may experience seizures triggered by
gastrointestinal disorders, especially when combined with sensory sensitivities. Specific
triggers, including certain foods, gastrointestinal pain, or changes in gut microbiota, can
increase the likelihood of seizures in susceptible individuals [2!. Gastrointestinal
discomfort or inflammation can lower the seizure threshold and cause abnormal brain
electrical activities. It is crucial to consider potential interactions between medications
used to treat gastrointestinal disorders and those prescribed for epilepsy 2. Some
medications, such as antacids, proton pump inhibitors, or antibiotics, may affect the
efficacy of antiepileptic drugs or increase the risk of adverse effects. Careful
management and medication monitoring are essential to minimize potential
interactions and ensure optimal treatment for both conditions [23].

It is crucial to understand how gastrointestinal disorders affect brain electrical activities
and epileptic tendencies in individuals with ASD to provide comprehensive care (4], A
multidisciplinary approach involving gastroenterologists, neurologists, and other
healthcare professionals must address both gastrointestinal and neurological aspects.
Treatment strategies may include dietary modifications, targeted therapies for
gastrointestinal disorders, antiepileptic medications, and lifestyle adjustments to
manage both conditions effectively. It is important to note that while there is an
association between ASD, gastrointestinal disorders, and epilepsy, the exact
mechanisms underlying these relationships are still being investigated ['24. The impact
of gastrointestinal disorders on brain electrical activities and epileptic tendencies can
vary among individuals with ASD, making personalized care plans tailored to each

person's unique needs and challenges essential for optimal outcomes 121,




Impact on the Child’s Learning;:
For individuals with ASD, gastrointestinal disorders can significantly impact their
learning and education. These disorders can affect various aspects of a student's
educational experience, including academic performance, attendance, participation, and
overall well-being [126]. Gastrointestinal disorders can impact education for individuals
with ASD in different ways. Gastrointestinal disorders often cause physical discomfort
and pain, making it challenging for students to concentrate and engage in learning
activities. Persistent abdominal pain, bloating, or other symptoms can distract and
affect students” ability to focus on their studies [127). Gastrointestinal disorders can cause
fatigue and a lack of energy in individuals with ASD, resulting in reduced motivation
and participation in classroom activities. This makes it difficult for students to actively
engage in lessons, complete assignments, or participate in group activities. Many
individuals with ASD have sensitivities/over-responsivity that extend to food textures,
pressure, tastes, smells, and gastrointestinal movement 2. In the case of
gastrointestinal disorders, certain foods or dietary restrictions may be necessary, which
can further limit food choices and cause additional stress or anxiety for the student. This
can make it difficult for them to navigate school environments where food-related
activities are common [1291, Severe gastrointestinal symptoms may lead to increased
absenteeism from school. Students with ASD who experience frequent gastrointestinal
distress may need to miss school days or leave early due to discomfort or medical
appointments. This can result in missed instruction, reduced participation in classroom
activities, and disruptions in their educational progress [13]. Gastrointestinal disorders
can contribute to behavioral changes and emotional distress in individuals with ASD.
The discomfort and pain associated with gastrointestinal issues can lead to increased
irritability, anxiety, or even meltdowns. These behavioral and emotional challenges can
disrupt the learning environment and fully hinder the student's ability to engage in
educational activities [, Research suggests that there may be a bidirectional
relationship between gastrointestinal health and cognitive functioning. Gastrointestinal

inflammation and imbalances in gut bacteria may affect cognitive processes, including




attention, concentration, memory, and executive functioning. Consequently, students
with ASD and gastrointestinal disorders may experience difficulties in sensory and
information processing and integration, problem-solving, and academic achievement
11321, Some individuals with autism and gastrointestinal disorders may require specific
dietary modifications to manage their symptoms. These dietary restrictions may limit
their food choices and require accommodations in school settings. Collaborating with
school staff may be necessary to ensure that the student's dietary needs are met while
maintaining a safe and inclusive environment [13],

Collaboration is key in addressing the educational impact of gastrointestinal disorders
on individuals with ASD. Educators, school staff, and parents can work together to
support these students by implementing various strategies. This includes maintaining
open communication between all parties involved to comprehensively understand the
student's needs and challenges 3. It also involves creating a supportive and
understanding school environment that considers the unique needs and challenges of
students with ASD and gastrointestinal disorders. Sensory-friendly strategies, like
providing quiet spaces for breaks and accommodating sensory sensitivities related to
food, can also be implemented. Developing individualized learning plans (ILPs) or 504
plans in collaboration with healthcare professionals and families is crucial to address
the student’s specific needs [l Providing access to appropriate healthcare
interventions, such as medication management, dietary adjustments, or therapies to
manage gastrointestinal symptoms, is also important. Communication and
collaboration between healthcare providers and school personnel help ensure
consistency in managing the student's gastrointestinal issues [13¢],

Academic accommodations should be offered. These accommodations may include
flexible schedules, extra time for assignments or tests, and access to support services
like occupational therapy and clinical psychology counseling. Creating a supportive
and inclusive classroom environment that promotes understanding, empathy, and
tolerance for individual differences is also crucial [1%7]. Sensory needs can be addressed

through sensory environments, breaks, or by utilizing personalized/customized




sensory tools by occupational therapists- sensory integration specialists to alleviate
discomfort or anxiety related to gastrointestinal issues. By addressing the impact of
gastrointestinal disorders on education and providing appropriate support, individuals
with ASD can have a better chance of achieving their learning goals and maximizing
their potential [¢7].
Impact on the patient’s Quality of Life:

Individuals with ASD may experience a significant decline in their quality of life due to
gastrointestinal disorders. These disorders, including constipation, diarrhea, acid reflux,
and abdominal pain, can cause persistent physical discomfort and pain. The discomfort
can be distressing and affect daily activities, such as eating, sleeping, and social
interactions [, It can also reduce appetite, cause poor nutrition, and lead to weight
loss, further affecting overall health and well-being. Many individuals with ASD have
sensory sensitivities, and gastrointestinal symptoms can exacerbate these sensitivities
[139], The discomfort caused by gastrointestinal issues, such as bloating or stomach pain,
can be overwhelming for individuals with heightened sensory sensitivity, leading to
increased anxiety and challenges in participating in daily activities. Individuals with
ASD often rely on routines and predictability to feel secure and comfortable.
gastrointestinal disorders can disrupt daily routines, increasing stress and anxiety [671.
Changes in diet, medication regimens, or medical procedures related to managing
gastrointestinal issues may require adjustments to established routines, which can be
challenging for individuals with ASD and impact their overall quality of life.
Gastrointestinal symptoms can affect social interactions and participation in activities
1401, Individuals with ASD may experience embarrassment, anxiety, or discomfort due
to their gastrointestinal issues, leading to social withdrawal or avoidance of certain
situations. This can impact their ability to form and maintain relationships, participate
in social events, and engage in educational or vocational settings. Living with
gastrointestinal disorders can affect the emotional well-being of individuals with ASD
(41, Chronic pain, discomfort, and the challenges of managing gastrointestinal

symptoms can increase stress, anxiety, and depression. These emotional factors can




further impact the overall quality of life and make engaging in activities and enjoying
daily life difficult 1421,

Improving the quality of life for individuals with ASD requires addressing their
gastrointestinal disorders. Seeking medical evaluation and management from
healthcare professionals, such as pediatric gastroenterologists, occupational therapists
specializing in sensory integration, and dietitians specializing in ASD, can effectively
treat gastrointestinal symptoms. Treatment options may include dietary modifications,
medications, behavioral interventions, and occupational therapy based on sensory
integration [5¢1. Equally important is providing support and understanding within the
individual's social environment, including family, friends, and educators. Creating a
supportive and inclusive environment that accommodates the individual's needs and
ensures access to appropriate healthcare and educational resources can significantly
enhance their overall quality of life 143l It is important to recognize that each person
with ASD and gastrointestinal disorders is unique, and the impact on their quality of
life may vary. Therefore, a personalized approach that considers the individual's
specific needs, challenges, and strengths is essential for promoting their well-being and
enhancing their overall quality of life [144].

Gastrointestinal Tract as a Key for the Diagnosis and Evaluation of ASD:

There is no definitive way to diagnose ASD based on examining the gastrointestinal
tract. Healthcare professionals, like psychiatrists, psychologists, and developmental
pediatricians, primarily rely on behavioral assessments and observations to diagnose
ASD. These assessments evaluate a person's social interactions, communication skills,
and repetitive or restricted behaviors ['43l. Although some have claimed that certain
tests, such as stool analysis or measurements of specific gut bacteria, could help
diagnose ASD, no consistent scientific evidence supports these claims [14]. Therefore,
these tests are not regarded as reliable diagnostic tools for ASD. However, specific
gastrointestinal tests may lead to a higher likelihood of developing ASD or experiencing
more severe symptoms of ASD.

Gut Microbiota Print:




Research suggests that changes to a child's intestinal microbiota during their early years
can impact their emotional and cognitive development later on. Specifically, certain
species of bacteria found in the gut microbiota (or the absence of others) may play a
significant role in the development of ASD [147.148], Jendraszak et al showed that children
with ASD have a distinct fecal microbiota pattern different from the neurotypically
developed children with lower Bifidobacterium spp 9], Kang et al conducted a study
comparing the bacterial composition in fecal samples from 19 children with ASD who
had varying gastrointestinal symptoms and 20 neurotypical controls with minimal
gastrointestinal symptoms. They used high-throughput sequencing of the 165 rDNA
gene. The study found that the presence of autistic symptoms, rather than the severity
of gastrointestinal symptoms, was associated with lower levels of the bacterial genera
Prevotella, Coprococcus, and unclassified Veillonellaceae ['%l. Furthermore, in their
research, Adam et al discovered a significant ﬁrrelation between the severity of ASD
and gastrointestinal symptoms. This suggests that children with more severe ASD are
more prone to experiencing intense gastrointestinal symptoms and vice versa. It is also
possible that underlying gastrointestinal issues could contribute to the severity of ASD
symptoms [151l. However, it is regrettable that two recent meta-analyses have revealed
inconsistent outcomes in investigating the intestinal microbiota of children with ASD
through cohort studies [152153],

A study by Wu et al aimed to confirm previous research on the gut microbiome's
association with ASD. They utilized machine learning techniques to identify potential
biomarkers for ASD throughgature selection an%lassiﬁcation evaluation in training,
validation, and independent diagnosis cohorts. The results revealed that Prevotella,
Roseburia, Ruminococcus, Megasphaera, and Streptococcus could be potential biomarkers
for ASD. Prevotella showed sgignificant differences between patients with ASD and
typical neuro-developers [14l. Qureshi ef al investigated the differences in gut microbial
metabolites between children with ASD and gastrointestinal disorders and typically
developing children without gastrointestinal disorders. They also examined the effects

of gut microbiota transfer therapy on the fecal metabolites of the group with ASD.




Using machine learning, they created 5-metabolite fecal models for classification, which
showed significant changes before and after gut micrgbiota transfer therapy. The
developed multivariate metabolite models can potentially categorize children with ASD
from typically developed children effectively. These machine-learning models can also
diagnose children with ASD by comparing their gut microbiome data with subjects
with and without ASD 1551, However, these findings did not align with the prediction
model established by Zhai et al [1%]. Various factors, such as environmental conditions
and calculation methods, may influence intestinal microbiota composition.
Additionally, the quality control of sequencing data may also affect the prediction
model's accuracy [1%7]. Further studies are necessary to explore the gut microbiome's

characteristics in ASD, particularly regarding interventions.

Alternations in Gut Permeability

Research has found that patients with ASD often experience changes in the integrity of
their intestinal barrier. In one study, 75% of patients with ASD showed a reduction in
the expression of "tight junction" components that form the barrier in the intestine [18].
Zonulin is a protein that regulates the tight junctions between enterocytes and controls
how permeable the intestines are. In patients with ASD, the zonulin levels were higher
than in healthy controls, which was associated with the severity of ASD symptoms [159,
This suggests that zonulin could be a useful biomarker for a subgroup of children with
ASD who have GI issues related to changes in intestinal integrity. Still, not all studies
have confirmed this 1],

Gastrointestinal Tract as a Key Component in the Management of ASD:

Effectively managing gastrointestinal disorders in patients with ASD can greatly benefit
their overall well-being, resulting in improved quality of life, better behavior, cognitive
function, and educational abilities [1¢1l. Addressing underlying gastrointestinal issues
such as chronic constipation, diarrhea, or gastroesophageal reflux can help alleviate
physical discomfort and pain experienced by individuals with ASD. This can, in turn,

lead to better digestion, enhanced nutrient absorption, and improved appetite. Properly




addressing gastrointestinal problems can also positively impact mood, attention,
irritability, and hyperactivity, potentially reducing challenging behaviors [20l. As
individuals with ASD often face communication and social interaction challenges,
relieving gastrointestinal symptoms can improve comfort, reduced distress, and better
regulation of their sensory systems, creating a more favorable environment for
communication and social engagement [2'l. Promoting a balanced gut microbiota may
also positively affect brain function and cognition in individuals with ASD [162]. Relief
from gastrointestinal symptoms can improve sleep patterns, increase energy levels, and
contribute to a general sense of well-being, ultimately leading to a better quality of life
for the individual and improved family dynamics [163. Therefore, the main aim of
gastrointestinal interventions is not to treat ASD itself but to improve nutritional status,
reduce any concomitant symptoms, ensure a balanced mood with decreasing anxiety,

impulse control, aggression, and stereotypy, and increase the patient’s independence.

A) Dietary Intervention:

Treating ASD through dietary interventions has garnered attention and research,
although there is limited and contentious scientific evidence to support their
effectiveness. It is crucial to recognize that ASD is a multifaceted neurological condition
with diverse symptoms and underlying causes, and there is no universally applicable
treatment. Nonetheless, certain dietary interventions have been studied in the context of
ASD. Many individuals with ASD turn to nutritional interventions, with or without
clinical supervision, to help alleviate gastrointestinal and behavioral symptoms [164],
Different types of dietary interventions can be used for ASD, grouped into four main
categories: elimination dietary therapy (e.g., gluten-/casein-free diet, oligoantigenic
diet, and specific carbohydrate diet), modification dietary therapy (e.g., modified
ketogenic diet), supplementation dietary therapy (e.g., minerals, vitamins like Vitamin
B6, high dose Vitamin B12, and Vitamin D, antioxidants/polyphenolic compounds,
omega 3, omega 6, and camel milk), and exclusion dietary therapy (e.g., excluding food

additives) [165], Although there is significant interest in dietary interventions for




individuals with ASD, there is currently no consensus on the optimal nutritional
approach to pursue [166. A meta-analysis conducted by Yu et al has revealed that
implementing specific dietary therapies can effectively improve the core symptoms
associated with ASD. In particular, adopting a gluten-free diet has been shown to
impact social behaviors positively. Despite the promising outcomes, it is essential to
note that the small sample size of randomized controlled trials currently limits the
effectiveness of dietary therapy for ASD. Therefore, further well-designed and high-
quality clinical trials are required to validate these conclusions [167].
Gluten-Free Casein-Free (GFCF) Diet:

Eliminating gluten and casein from the diet is a commonly discussed approach for
managing ASD. These proteins are found in wheat, other grains, and dairy products.
The belief is that they may exacerbate ASD symptoms in certain individuals. It has been
observed that children with ASD may have a sensitivity or intolerance to gluten and
casein and may exhibit elevated levels of antibodies against certain substances, namely
anti-gliadin, anti-casein, and DPP4 - a digestive enzyme that plays a crucial role in the
breakdown of gliadin into various peptides including gliadinomorphin-7 which has
“opioid activity”, able to increase gut membrane permeability, stimulate opioid
receptors, and decrease social interaction observed in children with ASD. Gluten also
induces a state of systemic inflammation, including neuroinflammation [168169] Tt should
be noted that among individuals with ASD, some may also have celiac disease or non-
celiac gluten sensitivity. A double-blind, randomized controlled study conducted by
Hyman ef al involved 14 children between the ages of 3 and 5 with ASD. These children
were put on a GFCF diet, and after 6 wk, they were given "dietary challenges" in the
form of weekly snacks containing either gluten, casein, gluten plus casein, or neither.
The children were monitored for an additional three months after three months of
challenges. The study's findings indicate that the dietary challenges did not significantly
affect the children's sleep quality, hyperactivity, or ASD behaviors ['70l. According to a
systematic review conducted by Piwowarczyk et al, there is little evidence to support

the effectiveness of a Gluten-Free Casein-Free diet in alleviating symptoms of ASD in




children [71l. A recent meta-analysis conducted by Quan et al suggests that a GFCF diet
may effectively reduce stereotypical behaviors and improve cognition in children with
ASD. Despite most studies being single-blind, the potential benefits of a GFCF diet are
encouraging. There is a need for further studies on a larger scale to confirm these
findings [172].

Specific Carbohydrate Diet (SCD):

A Specific Carbohydrate Diet (SCD) is a dietary approach that limits the intake of
complex carbohydrates and specific sugars such as grains, starchy vegetables, lactose,
and most processed sugars that are difficult to digest and may negatively affect gut
health. On the other side, it allows the intake of specific types of carbohydrates that are
believed to be easier to digest, such as monosaccharides and certain disaccharides. It is
commonly used to manage conditions such as inflammatory bowel disease and celiac
disease. This diet is believed to improve gut health, reduce inflammation, and
potentially alleviate some ASD symptoms associated with gut-related issues [173174],
Although some anecdotes exist on individuals with ASD experiencing better behavior,
digestion, and overall well-being through the Specific Carbohydrate Diet (SCD),
scientific research on its effectiveness for ASD is limited. Most studies have been
hindered by limitations such as small sample sizes, absence of control groups, and
variations in study design, making it difficult to arrive at definite conclusions regarding
its efficacy. Therefore, it is crucial to approach SCD for ASD with caution and under the
guidance of healthcare professionals [175 1761,

KEogenic Diet:

The ketogenic diet is a high-fat, low-carbohydrate, and adequate-protein diet that has
gained attention for its potential therapeutic effects in various neurological conditions,
including epilepsy. The ketogenic diet aims to shift the body's metabolism into ketosis,
which primarily relies on fat for energy instead of carbohydrates. This metabolic state is
likely to affect brain function and neurotransmitter activity, which may have
implications for individuals with neurological conditions [177l. There are some

physicians and families who have looked into using the ketogenic diet as a way to




improve symptoms of ASD. Research suggests that the ketogenic diet can positively
affect children with ASD by improving energy metabolism, reducing oxidative stress,
controlling neurotransmitters, inhibiting the mammalian target of the rapamycin
(mTOR) signaling pathway, and modulating the gut microbiota. These neuroprotective
benefits demonstrate the ketogenic diet’s potential as a helpful intervention for children
with ASD [178]. The effectiveness of the ketogenic diet in addressing ASD symptoms is
highly individualized and varies greatly depending on the child and their family's
unique situation [179],

Although there have been some reports of anecdotal evidence showing improvement in
behavior, communication, and social interaction, there has not been much research
done on the effects of this diet on ASD. It's worth mentioning that while the ketogenic
diet has shown some promise as a treatment for ASD, the scientific evidence is limited
and inconclusive due to small sample sizes and a lack of control groups in most studies
[180], This makes it difficult to draw definitive conclusions about its effectiveness.
Additionally, the ketogenic diet is highly specialized and restrictive, requiring close
monitoring and supervision from healthcare professionals such as registered dietitians
or physicians specializing in ketogenic diets. It can be challenging to implement and
maintain, and there are potential risks and nutritional concerns, particularly for
growing children (81, When considering using the ketogenic diet for managing ASD,
monitoring and providing proper guidance is important. This includes assessing the
need for dietary modifications, monitoring nutritional adequacy, and ensuring overall
health and well-being [182].
Camel Milk Therapy:
Camel milk is a nutritious and healthy alternative to cow's milk. It contains essential
vitamins, minerals, and immunoglobulins, providing hypoallergenic, antioxidant,
antibacterial, and antiviral properties. Moreover, it is easier to digest than milk from
other ruminants making it more appealing to a wider range of consumers [1%1. Recently,
there has been growing interest in using camel milk as a possible aid for ASD. Camel

milk advocates believe that it possesses distinct properties that could benefit




individuals with ASD. Both research and personal accounts have suggested that camel
milk may contain certain properties that could benefit those with ASD. These include
lower lactose levels, unique protein structures, higher levels of vitamins and minerals,
possible immune-regulating effects, and the ability to reduce oxidant stress [184185],
Many people with ASD and their families have reported experiencing better behavior,
digestion, and overall health after incorporating camel milk into their diet. According to
the research conducted by Al-Ayadhi et al, the consumption of camel milk for a period
of two weeks has been found to enhance the Childhood Autism Rating Scale (CARS),
Social Responsiveness Scale (SRS), and ASD Treatment Evaluation Checklist (ATEC) in
children with ASD, as compared to those who consumed a placebo [18]. According to a
meta-analysis conducted by Kandeel and El-Deeb, the use of raw and boiled camel milk
in treating ASD led to significantly lower CARS scores compared to the use of a placebo
[187], The use of camel milk may be limited due to its comparatively high cost and short
shelf-life. When it comes to discussing the potential benefits of camel milk for ASD
symptoms, it's crucial to be cautious. The current research in this field is insufficient and
frequently relies on small-scale studies with methodological constraints [18] To
ascertain the actual impact of camel milk on ASD symptoms, we require more rigorous
and controlled studies.
High-dose Methylcobalamin (Vitamin B12) therapy:

Methylcobalamin, or Vitamin B12, is a crucial nutrient that occurs naturally in the body.
It is vital in various biochemical processes, including DNA synthesis and maintaining
the nervous system [18%1%], Recent studies have examined the potential use of high-dose
Methylcobalamin therapy to help individuals with ASD. Supporters of this therapy
claim that it can enhance language and communication skills, behavior, attention, and
overall well-being. They suggest that it may have neuroprotective and neurotrophic
effects, influencing brain function and behavior in people with ASD [191-19%3], Research
has shown that Methylcobalamin may affect the redox status and potentially improve

the clinical symptoms associated with ASD [194]. Some individuals with ASD may also




have metabolic or genetic issues that could impact their vitamin B12 Levels or
metabolism [19]. Therefore, they can get benefit from Methylcobalamin therapy.
A study conducted by Corejova et al found that a 200-day treatment with 500 pg
Methylcobalamin orally daily gradually improved the clinical and psychological
condition of children and adults with ASD. The social domain showed the most
significant improvement, followed by cognitive, behavioral, and communication
characteristics. The study also established a strong correlation between the changes in
the clinical and psychological status and the level of reduced glutathione and
reduced /oxidized glutathione ratio [1%l. According to a meta-analysis conducted by
Rossignol and Frye, administering subcutaneous injections of methylcobalamin Vitamin
B12 (64.5-75 pg/kg/dose two-to-three times weekly) can effectively improve&netabolic
abnormalities and clinical symptoms of ASD. These symptoms include expressive
communication, personal and domestic daily living skills,énterpersonal, play-leisure,
and coping social skills, as well as sleep disorders, gastrointestinal symptoms,
hyperactivity, tantrums, nonverbal intellectual quotient, vision, eye contact, echolalia,
stereotypy, anemia, and nocturnal enuresis. However, it should be noted that some
patients may experience mild non-serious side effects such as hyperactivity, irritability,
trouble sleeping, aggression, and worsening behaviors. ['7l. However, there are
limitations to these studies, such as small sample sizes, lack of control groups, and
variations in study design, making it difficult to determine the effectiveness of
Methylcobalamin therapy for ASD.
Omega-3 Supplement:
Omega-3 fatty acids are vital polyunsaturated fats that are crucial to brain function and
development. They are commonly found in fatty fish like salmon, mackerel, and
sardines, as well as in some plant-based sources such as flaxseeds and walnuts [19].
Studies suggest that omega-3 fatty acids have anti-inflammatory and neuroprotective
properties, which may support cognitive and behavioral processes, brain health, and
velopment [1%9. Although researchers have shown interest in exploring the potential

benefits of omega-3 fatty acids, specifically eicosapentaenoic acid (EPA) and




docosahexaenoic acid (DHA), as a dietary intervention for ASD, the scientific evidence
in this area is still limited and inconclusive 2] Some studies indicate that omega-3 fatty
acid supplementation may help address deficiencies associated with certain omega-3
fatty acids in the blood of some individuals with ASD, potentially improving ASD
symptoms [201. According to a meta-analysis conducted by Cheng et al, it has been
nd that omega-3 fatty acid supplementation may have positive effects on
hyperactivity, lethargy, and stereotypy in individuals with ASD [202. However, the
results of studies investigating the effects of omega-3 fatty acid supplementation in
individuals with ASD have been mixed, and more extensive, well-controlled studies are
needed to establish the efficacy and optimal dosing of omega-3 fatty acids for ASD [203].
Although omega-3 fatty acids may have potential benefits, they should be considered as
part of a comprehensive treatment plan for ASD that includes a range of evidence-
based interventions, therapies, educational strategies, and support services tailored to
the specific needs of each person with ASD [201].
Other Nutritional Supplements:
Studies have been conducted to investigate the effects of dietary supplements like
vitamin B6, selenium, and magnesium on patients with ASD. Vitamin B6, a water-
soluble vitamin, is crucial in various physiological processes, such as synthesizing brain
function compounds and metabolizing neurotransmitters and amino acids [24. Vitamin
B6 supplementation has been explored as a potential treatment for ASD, but the
scientific evidence supporting its effectiveness is limited and inconclusive. The interest
in vitamin B6 for ASD stems from its involvement in the metabolism of
neurotransmitters like dopamine and serotonin, which play a crucial role in brain
function and behavior [20520¢]. Some studies have examined the effects of vitamin B6 and
magnesium supplementation, known as the "B6-Mg protocol," on individuals with
ASD. While some studies have reported improvements in certain behaviors like social
interaction, communication, and sensory issues, others have shown no significant
effects. Study results may be due to differences in study design, participant

characteristics, and outcome measures 7. When discussing dietary interventions for




ASD, it is crucial to exercise prudence and consider the unique needs, preferences, and
circumstances of each individual with ASD. A holistic treatment approach for ASD
typically comprises a blend of therapies, educational interventions, support services,
and customized strategies tailored to the specific requirements of the individual [208].

B) Oral Antifungal Gut Decontamination:

There has been research into the possibility of fungi overgrowth in the gastrointestinal
tract contributing to ASD. Some scientists and medical professionals believe that
excessive growth of fungi in the gut (gut de-fungemia hypothesis) may affect the
behaviors and symptoms associated with ASD. The toxins released by an overgrowth of
Candida species, a type of fungi, can enter the bloodstream and impact the brain,
potentially leading to ASD symptoms. However, it is essential to remember that there is
currently limited and inconclusive scientific evidence to support this theory [209]. Baker
and Shaw tested this theory by treating a child with symptomatic ASD. They found
heavy gastrointestinal fungal colonization with Aspergillus. They used the antifungal
probiotic Saccharomyces boulardii, followed by increasing doses of itraconazole for strong
antifungal therapy. The child experienced complete recovery from all ASD symptoms
and even developed excellent academic, athletic, and musical skills. The recovery was
accompanied by a significant reduction in urine markers of Aspergillus colonization,
supporting the theory (21, In a systematic review conducted by Herman et al, it was
found that there were no significant differences between patients with and without
antifungal medication. Therefore, it cannot be confirmed that Candida overgrowth is
linked to ASD in children or causes ASD. Additionally, their findings do not entirely
support the theory that Candida overgrowth is associated with gastrointestinal issues
and impacts ASD-related behavioral symptoms. Although there have been reports of
changes in gut fungal composition among individuals with ASD, such as higher levels
of Candida species, the link between increased gut candidiasis and ASD has not been
definitively established. Small sample sizes, methodological issues, and inconsistent
results often limit these studies. 2111,

C) Modification of Gut Microbiota:




Researchers interested in managing ASD have given the growing iﬁrest in microbiota-
based interventions, which involve modifying the gut microbiota. The gut microbiota is
a diverse community of microorganisms that reside in the gastrointestinal tract and
play a crucial role in various aspects of health, including immune function, metabolism,
and brain development [212]. Research studies have revealed that people with ASD may
have different gut microbiota compared to those without the condition. This has
prompted researchers to explore whether gut microbiota plays a role in developing and
expressing ASD symptoms. The goal is to improve ASD-related symptoms by adjusting
the gut microbiota to a healthier composition [47l. There are different approaches to
modifying the gut microbiota, including:

Antibiotics and Dietary Interventions

There is a conflicting opinion regarding the beneficial use of antibiotics in restoring gut
dysbiosis and reducing gastrointestinal and behavioral symptoms in children with
ASD. However, there are still ongoing debates surrounding the use of antibiotics.
Antibiotics eliminate harmful and beneficial bacteria in patients with ASD, which may
increase the likelihood of gastrointestinal illnesses in affected children. As a result,
antibiotic therapy may not be the most effective approach for restoring gut microbiota
balance [283l, Studies have demonstrated that a Mediterranean diet can improve
gastrointestinal health, cardiovascular diseases, and neurobehavioral health outcomes
[214], The effectiveness of a ketogenic diet has also been explored, with positive results in
mitigating neurobehavioral symptoms 2151, The gluten-free and casein-free (GFCF) diet
is another popular approach, with some studies showing favorable results in improving
symptoms such as communication, social interaction, and gastrointestinal issues [216].
However, recent studies have shown that restrictive diets can potentially have harmful
effects, resulting in nutrient deficiencies and high costs for families. The standard of
dietary intervention is also strict and may not apply to all ASD patients [2171.

Probiotic and Prebiotic Interventions

Probiotics are microorganisms that can provide health benefits when taken in sufficient

quantities. There have been studies on using specific probiotic strains to balance gut




bacteria and potentially improve symptoms in people with ASD [2'8l. However, the
evidence for the effectiveness of probiotics in treating ASD is limited and inconsistent
[219]. Prebiotics are non-digestible fibers that can promote the growth of healthy gut
bacteria. By consuming prebiotics, the gut microbiota can become more balanced [2201.
Some studies have looked into the effects of prebiotic supplements on individuals with
ASD, but further research is required to determine the impact on ASD symptoms [221],
As the gut-brain axis has two-way communication, probiotic intervention may decrease
the prevalence of ASD by affecting related gene expression in infants. However, the
specificity of the gut microbiota in different patients suggests the need for precision
medicine tailored to specific subpopulations of patients [222I.

According to Sanctuary et al's pilot study, the intake of Bifidobacterium infantis probiotic
and a bovine colostrum product for five weeks was well-tolerated and effectively
lowered the occurrence of specific gastrointestinal symptoms. Additionally, it reduced
the occurrence of certain abnormal behaviors 221, Furthermore, a study by Kong et al
found that using a combination of Lactobacillus plantarum PS128 probiotic for 28 wk and
oxytocin for 12 wk resulted in significant improvement in the Social Responsiveness
Scale, Aberrant Behavior Checklist, and Clinical Global Impression scale. The
combination also led to the growth of favorable gut microbiome network hubs. The
study also revealed that the effectiveness of the combination treatment in enhancing
social cognition is highly linked to the abundance of the Eubacterium hallii group [2241.

Fecal Microbiota Transplant Therapy:

A potential solution for gut dysbiosis in children with ASD is a fecal microbiota
transplant (FMT). This procedure transfers fecal microbiota from healthy donors into an
individual's gastrointestinal tract to balance their gut microbiota. FMT has shown
promising results in treating certain gastrointestinal conditions and can improve
gastrointestinal and neurobehavioral symptoms in younger children with ASD [225].
However, it may only work for some older patients. Despite its benefits, FMT can cause
adverse reactions in some patients, so a modified protocol called Microbiota Trgpsfer

Therapy (MTT) was developed. MTT involves oral vancomycin treatment, bowel




cleansing, and either oral or rectal administration of standardized human gut
microbiota (SHGM) B2l Studies have shown that MTT can improve behavioral
symptoms and increase the diversity of gut bacteria in children with ASD. The effects of
MTT can last for at least two years after treatment. These results suggest that overall gut
microbe rebalancing may be a promising approach to treating gut microbiota dysbiosis
in ASD 7], However, FMT use in ASD is still in its early stages and requires further
research to establish its safety and efficacy.

When seeking interventions for individuals with ASD, it is important to remember that
while microbiota-based treatments show promise, they are still a developing field.
Further research is necessary to determine their effectiveness, optimal protocols, and
long-term effects on those with ASD 2], Healthcare professionals with expertise in this
field are recommended to oversee these interventions. Additionally, a comprehensive
approach that includes evidence-based therapies, educational interventions, support
services, and individualized strategies tailored to the specific needs of each person with
ASD should be considered. Modifying the gut microbiota should be viewed as a
component of a larger treatment plan, and healthcare professionals should be consulted
when deciding on specific interventions 1221,

Limitations of the Study:

It's important to remember that there are some limitations to the article's findings
regarding the association between gastrointestinal health and ASD symptoms. While
the article suggests a potential link, it cannot definitively establish a causal relationship.
It's worth noting that many of the studies included in the review relied on observational
data or retrospective analysis, which may introduce biases and confounding factors that
can impact the results. Additionally, some of the studies were limited by small sample
sizes or specific populations, making it difficult to generalize the findings. To better
understand the relationship between these factors, we need more large-scale studies

with strong controls to minimize potential biases and confounding factors.

CONCLUSION




This review article delves into the extensive research on the connection between
gastrointestinal health and ASD. We have summarized the key findings from the
literature, highlighted areas of agreement and disagreement, and examined the
implications of these outcomes for future research. Children with ASD are more
susceptible to gastrointestinal disorders than the general population, which can
significantly impact their health, learning, and development due to various genetic,
environmental, and behavioral factors. Gastrointestinal disorders can arise from gut
dysbiosis, immune dysfunction, food sensitivities, digestive enzyme deficiencies, and
sensory processing and integration differences. Current research suggests that
numerous children with ASD experience gastrointestinal disorders, and effective
management is critical. Behavioral assessments and observations are the preferred
methods for diagnosing ASD, and gastrointestinal tests are not consistently supported
by scientific evidence for reliable diagnostic tools. However, certain gastrointestinal
tests may increase the risk of developing ASD or experiencing more severe symptoms.
Addressing gastrointestinal problems in individuals with ASD can improve their
overall well-being, leading to better behavior, cognitive function, and learning abilities.
Properly addressing gastrointestinal problems can also relieve physical discomfort and
pain, promoting better digestion, enhanced nutrient absorption, and improved appetite.
Alleviating gastrointestinal symptoms can improve sleep patterns, increase energy
levels, and contribute to a general sense of well-being, ultimately leading to a better
quality of life for the individual and improved family dynamics. The primary objective
of gastrointestinal interventions is to improve nutritional status, reduce symptom
severity, promote a balanced mood, and increase patient independence.
Recommendation:

It is important to support research on gastrointestinal disorders' causes, mechanisms,
and treatments in children with ASD. Healthcare professionals should receive training
on diagnosing and treating such disorders and implementing evidence-based
interventions. Effective management of gastrointestinal problems can be achieved

through medical team intervention and management, occupational therapy based on




sensory integration in all settings the child uses, communication, and behavior support
plans. Early identification and treatment of these disorders can improve overall well-
being and prevent long-term complications. A multi-transdisciplinary approach is often

necessary to provide comprehensive care.
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