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Abstract: Background: Autism spectrum disorder (ASD) is a neurodevelopmental condition char-
acterized by significant challenges in communication, behavior, and social interaction. The preva-
lence of ASD is rising, with current estimates indicating that it affects 1 in 36 children in the United
States. Traditional diagnostic methods often fail to capture the full complexity of ASD, leading to
incomplete treatment approaches. This study aimed to enhance diagnostic and therapeutic ap-
proaches to ASD by identifying and categorizing 10 clinical profiles using precision medicine.Meth-
ods: This study presents a new stratification model for ASD that classifies individuals based on
prevalent comorbidities and underlying biological mechanisms. The model is based on a synthesis
of existing literature, clinical observations, and expert insights. Data were collected from detailed
clinical evaluations, patient histories, and laboratory tests, and the model was refined through iter-
ative analysis. It integrates findings from genetic, neurological, and psychiatric research to develop
a comprehensive approach for diagnosing and treating ASD-related comorbidities.Results: The
study proposes 10 clinical profiles of ASD: syndromic, gastrointestinal, metabolic, mitochondrial,
endocrine, bioaccumulative, infectious, immunological, inflammatory, and Neurological. Each pro-
file is associated with specific symptoms and comorbidities influenced by genetic, environmental,
and biological factors.Conclusions: The stratification model proposed in this study enhances the
diagnosis and treatment of ASD by recognizing its heterogeneity. By identifying specific clinical
profiles, healthcare providers can develop personalized and integrated therapeutic strategies to im-
prove the overall health outcomes of individuals with ASD.

Keywords: autism spectrum disorder; precision medicine; clinical profiles; comorbidities

1. Introduction

The understanding of autism has significantly evolved since the early 20th century, marked by
contributions from pioneers such as Grunya Efimovna Sukhareva, Leo Kanner, and Eugen Bleuler
[1]. Grunya Efimovna Sukhareva, a Soviet child psychiatrist, provided one of the earliest detailed
descriptions of autism spectrum disorder in 1925. Her work identified behaviors in children that
closely align with modern diagnostic criteria, including social withdrawal and sensory abnormalities,
offering a comprehensive view that included both behavioral and physical health. Despite the
groundbreaking nature of her observations, her contributions were overlooked mainly due to the
linguistic, political, and gender barriers of her time. Concurrently, the term autism was first intro-
duced by Swiss psychiatrist Eugen Bleuler in 1911 during a congress in England, where he described
it as a subset of symptoms observed in schizophrenia, characterizing patients who were withdrawn
and self-absorbed. This initial use of the term laid the groundwork for future exploration and under-
standing of autism as a distinct condition. In the current medical landscape, autism is primarily
viewed as a neurodevelopmental disorder with a strong genetic basis, yet it remains a complex con-
dition influenced by various environmental factors [2]. Despite advances in research, the diagnostic
process often emphasizes psychiatric assessments [3], potentially leading to superficial evaluations
that overlook critical comorbidities such as gastrointestinal disturbances, metabolic dysfunctions,
and immune irregularities. These underlying conditions can mimic or exacerbate core autistic
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symptoms, complicating both diagnosis and treatment. As our understanding of autism deepens,
there is a growing need for a comprehensive and integrative diagnostic approach that considers both
differential and complementary diagnoses. This approach acknowledges the intricate interplay of
medical and psychiatric symptoms and seeks to improve diagnostic accuracy and intervention effec-
tiveness, ultimately enhancing the quality of life for individuals with autism.

The prevalence of ASD is increasing, with the Centers for Disease Control and Prevention (CDC)
estimates from 2023 indicating that it affects 1 in 36 children in the United States. This underscores
the pressing need for advancements in diagnostic and therapeutic approaches [3]. A significant con-
cern in the management of autism is the prevalence of polypharmacy, wherein individuals are often
prescribed multiple medications to manage a wide array of associated symptoms and comorbidities.
Studies have indicated that individuals with ASD are much more likely to receive prescriptions from
numerous medication classes. This not only complicates clinical management but also increases the
risk of adverse drug interactions and side effects [5]. Furthermore, the life expectancy of individuals
with Autism Spectrum Disorder is significantly affected. Recent research indicates that the average
life expectancy of those with ASD can be up to 16 years shorter than that of the general population,
mainly because of a combination of health comorbidities, such as epilepsy and mental health condi-
tions, and external factors, including inadequate healthcare responses to their unique needs. The ne-
cessity for personalized approaches to the diagnosis and treatment of autism is becoming increas-
ingly apparent. These approaches must account for the diverse clinical profiles and intricate interplay
of the genetic, neurological, and environmental factors that characterize ASD. By tailoring strategies
to individuals, it is possible to significantly enhance the quality of life and health outcomes of those
affected by this complex condition [6]. This article advocates for such a paradigm shift, building on
the pioneering insights of early researchers such as Sukhareva, to foster a more nuanced and integra-
tive understanding of autism, aiming to develop a comprehensive stratification model for ASD based
on clinical profiles utilizing precision medicine techniques to identify and categorize ASD into ten
distinct profiles. These profiles are intended to guide personalized therapeutic strategies and improve
the overall health outcomes in individuals with ASD.

2. Methods

This article introduces a clinical stratification model for Autism Spectrum Disorder, proposing
distinct clinical profiles based on prevalent comorbidities and underlying biological mechanisms. The
model draws on existing research investigating various mechanisms, metabolic pathways, and path-
ophysiological processes related to autism, including mitochondrial, immunological, inflammatory,
gastrointestinal, infectious, metabolic, and endocrine factors. While individual studies provide in-
sights into these areas, this study integrates these perspectives into a cohesive framework to offer a
comprehensive approach to diagnosis and treatment.

A synthesis informs the model of peer-reviewed articles and meta-analyses exploring these fac-
tors' role in autism. Each profile is characterized by specific symptomatology and associated biolog-
ical mechanisms, facilitating a more tailored approach to diagnosis and intervention. This approach
considers how the intersection of clinical comorbidities can affect the presentation of ASD symptom:s,
supporting a more integrated diagnostic strategy.

The data for this model were gathered from various clinical settings, encompassing comprehen-
sive clinical evaluations, patient histories, and laboratory tests. We utilized analytical tools to identify
patterns and categorize clinical profiles, relying upon medical records and case studies to establish a
robust foundation for the model.

This model's objective is to improve the accuracy of the diagnostic process by integrating con-
ventional diagnostic criteria with state-of-the-art biomarkers and behavioral assessments. The pro-
posed stratification model seeks to address the complexity of autism by acknowledging the intricate
interplay between medical and psychiatric symptoms. This article advocates for a shift towards inte-
grated diagnostic strategies that improve the accuracy of diagnoses and the effectiveness of interven-
tions, ultimately enhancing the quality of care for individuals with autism.
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Clinical stratification involves the following steps:

Treatment response is a critical factor in refining stratification. Initial treatment strategies fo-
cused on addressing gastrointestinal, metabolic, and nutritional issues. Subsequent interventions
have targeted food allergies, endocrine imbalances, infectious diseases, autoimmune conditions, and
chronic inflammation.

The validity of the proposed model was evaluated against established clinical guidelines and
current best practices for autism. This involved comparing the outcomes derived from traditional
diagnostic methods with those suggested by precision medicine [7]. This discussion is based on sci-
entific evidence and aims to provide a clear rationale for adopting a personalized approach to ASD
management.

This structured methodology allows treatment plans to be tailored to each patient’s needs based
on their unique clinical profiles. This model aims to improve therapeutic outcomes by addressing the
particular challenges and requirements inherent to each ASD subtype.

3. The Personalized and Integrated Approach to ASD

According to recent data from the CDC, Autism Spectrum Disorder affects approximately 2.8%
of the population in the United States [2]. This highlights the importance of a personalized and com-
prehensive approach to managing autism, including medical, psychological, educational, and thera-
peutic interventions tailored to each patient's needs. Precision medicine is crucial for understanding
neurodevelopmental disorders such as autism. It thoroughly evaluates medical history, physical ex-
amination, and biomarkers to identify unique clinical profiles [8]. A critical aspect of this methodol-
ogy is the systematic and comprehensive assessment of simple and complex comorbidities to identify
the root causes of the presenting symptoms.

Implementing this approach in diagnosing and managing comorbidities among individuals
with ASD, especially within the framework of ten clinical profiles, offers substantial advantages.
These include enhanced symptom management, increased effectiveness of treatments and behavioral
therapies, disease prevention, and potential reductions in healthcare costs and medication usage. This
process is essential for gathering extensive phenotypic data and biomarkers, including epigenetic
markers, transcriptomics, proteomics, metabolomics, and neurobehavioral metrics. Such detailed
profiling facilitates the differentiation of distinct clinical profiles, leading to improved prognoses and,
ultimately, a significant enhancement in the quality of life of these individuals across the short-, me-
dium-, and long-term [9].

4, Clinical Profiles in ASD

Genetics are crucial in the development of ASD, but its phenotypic expression varies due to
interactions with other factors [10]. Precision medicine integrates genomic insights into biological
processes and environmental factors. This approach facilitates the development of personalized ther-
apies tailored to individual patient-specific needs while exploring a variety of triggers to understand
the root cause of symptoms, including internal and external factors. For example, metabolic disrup-
tions can lead to various symptoms, whereas genetic variations can affect neurotransmitter synthesis
and mitochondrial functions [11]. Additionally, the composition of the gut microbiome significantly
influences the microbiome-gut-brain axis, which can cause inflammation, autoimmune reactions, or
pain [12-14].

Individuals with autism typically exhibit unique symptoms and comorbidities that are fre-
quently exacerbated by external factors such as infections or diet, which often lead to metabolic dis-
ruptions. These disruptions can trigger immune dysregulation, inflammation, and oxidative stress.
Approximately 70% of individuals with autism have some form of metabolic dysfunction, whereas
almost 90% face gastrointestinal difficulties. However, these symptoms are often misinterpreted as
behavioral problems, overlooking the potential origins [15-18]. The coexistence of psychiatric signs
and clinical comorbidities offers critical insights for clinicians that can be obtained through compre-
hensive physical examinations, detailed medical histories, and laboratory tests. These insights are
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instrumental in identifying distinct clinical profiles within the autism spectrum and facilitating the
development of customized treatment plans and interventions for effective and targeted care [19].

Ten clinical profiles have been meticulously developed to assist in diagnosing and treating var-
ious conditions in ASD as follows:. (1) Syndromic (2) Gastrointestinal (3) Metabolic (4) Mitochondrial
(5) Endocrine (6) Infectious (7) Bioaccumulative (8) Immunological (9) Inflammatory (10) Neurologi-
cal

It is vital to acknowledge that the presentation of these profiles may vary. A particular profile
may be more evident during initial evaluations, whereas further assessments may reveal additional
associated profiles. This dynamic and evolving process is crucial for accurately understanding each
individual’s unique factors and allowing for tailored treatment strategies. Initially, patients may pre-
sent with multiple profiles due to untreated comorbidities. The persistent presentation of symptoms
helps clinicians to stratify and refine clinical profiles over time. Identifying and differentiating par-
ticular clinical profiles and subtypes of autism is achieved using a multi-tiered approach that includes
observing characteristic signs and symptoms, following progression from primary to complex treat-
ment protocols, and utilizing targeted laboratory examinations. Each profile presents unique fea-
tures, and understanding these nuances is pivotal for tailoring interventions according to individual
needs [20].

4.1. Syndromic Profile

The Syndromic Profile in ASD is seen in individuals with genetic syndromes such as Down Syn-
drome, Fragile X Syndrome, and Rett Syndrome [21-23]. A critical aspect of this profile is the poten-
tial for delayed or overlooked diagnosis of autism. The symptoms and challenges associated with
genetic syndromes can overshadow the behavioral and developmental signs of autism. Therefore,
autism, as a co-occurring neurodevelopmental condition, may not be promptly recognized or ade-
quately addressed [24]. This trend highlights a significant diagnostic oversight in which the primary
genetic syndrome manifestations might be exclusively attributed to the syndrome, neglecting the
possibility of autism [25]. Therefore, healthcare professionals must be vigilant about the signs of au-
tism in individuals with genetic syndromes and not attribute all symptoms and behaviors solely to
the primary syndrome.

4.2. Gastrointestinal Profile

The gastrointestinal profile is a significant aspect of the autism spectrum. It is particularly prev-
alent in those who have not received nutritional interventions for allergies, intolerance, or food sen-
sitivities that impact the microbiota-intestine-brain axis [6,12,13,18]. Notably, a significant proportion
of individuals with autism experience gastrointestinal symptoms. These symptoms are often charac-
terized by chronic conditions, such as diarrhea, which is prevalent in up to 45% of individuals with
ASD, and constipation, which is reported in approximately 30-45% of cases. Additional frequently
observed symptoms include abdominal distension, skin rashes, and persistent diaper rashes
[13,26,27]. Furthermore, conditions such as Small Intestinal Bacterial Overgrowth (SIBO) and Gas-
troesophageal Reflux Disease (GERD) may contribute to this profile, causing discomfort and affecting
the overall well-being of affected individuals [28].

Addressing the Gastrointestinal Profile requires a comprehensive approach, starting with a thor-
ough assessment to identify the underlying causes. This includes laboratory tests for nutritional de-
ficiency, immune dysfunction, and gastrointestinal inflammation [29,30]. Personalized treatment
plans for this profile often involve dietary modifications and supplements.

It is crucial to recognize that gastrointestinal symptoms in autism, such as chronic diarrhea or
constipation, may be misinterpreted as purely behavioral issues. Effective management requires a
deep understanding of each patient’s medical history, including gastrointestinal symptoms, dietary
habits, and responses to prior treatment [31].
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4.3. Metabolic Profile

A complex interplay between genetic and non-genetic factors shapes the metabolic profiles of
individuals with autism [32]. Genetic variants such as single nucleotide polymorphisms (SNPs) can
significantly affect critical metabolic pathways, including the one-carbon metabolism pathway. This
pathway is integral to various biological functions and illustrates the influence of genetic factors on
metabolism.

In addition to genetic influences, non-genetic and epigenetic factors play a substantial role in
shaping metabolic profiles, including enteropathies and deficiencies in essential nutrients such as
zing, iron, and calcium [33,34]. The combined effects of these genetic and non-genetic elements con-
tribute to various metabolic challenges, leading to increased oxidative stress, diminished energy pro-
duction, and altered metabolic pathways [35].

Moreover, the interaction between nutrition, environmental factors, and genetic predispositions
is pivotal in determining the metabolic function in individuals with autism. This dynamic under-
scores the importance of personalized nutritional and environmental management approaches for
metabolic health.

4.4. Mitochondrial Profile

Individuals with autism often experience mitochondrial dysfunction, which can manifest in var-
ious ways, such as facial hypotonia, speech delay, suspected apraxia of speech, epilepsy, and cogni-
tive challenges. Mitochondrial dysfunction can be linked to inborn errors of metabolism, such as
MCAD gene polymorphisms, which are crucial for -oxidation of medium-chain fatty acids and mi-
tochondrial energy production [36,37]. Deficiencies in essential nutrients, such as the vitamin B com-
plex, can also lead to mitochondrial dysfunction. Patients with mitochondrial dysfunction may also
exhibit increased allergy and atopic conditions. Environmental allergens and toxins can exacerbate
this dysfunction, leading to increased production of reactive oxygen species (ROS) and impairment
of the electron transport chain, causing mitochondrial damage, mast cell degranulation, and trigger-
ing inflammatory and allergic responses [38].

A comprehensive approach encompassing genetic and environmental factors is essential to ad-
dress mitochondrial dysfunction in autism. Nutritional support is crucial for optimizing mitochon-
drial function, highlighting the importance of a tailored dietary strategy for managing this aspect of
autism [39].

4.5. Endocrine Profile

Individuals with ASD may exhibit deficiencies in hormone production, particularly in steroids
and thyroid hormones, which can manifest as endocrine profiles [40-42]. This profile is characterized
by symptoms of hormonal imbalances that may present as either insufficient or excessive hormone
production.

A key concern within this profile is the disruption of the hypothalamic-pituitary-adrenal-thyroid
(HPA-T) axis, which can significantly affect various bodily systems. Proper regulation of this axis is
critical, as imbalances may precipitate more severe psychiatric disorders and chronic illnesses [43—
45]. The initial presentation of this profile often involves elevated cortisol levels that may lead to
decreased cortisol levels over time. This dysregulation suggests either hyporeactivity or hyperreac-
tivity of the HPA-T axis [46—48].

Assessing cortisol production is essential to delineate the endocrine profile and ensure that the
adrenal glands are sufficiently robust to support diverse treatments, including those for infections.
Individuals with this endocrine profile commonly experience speech delay, significant sensory dys-
function, and hypotonia [45,49].

Individuals with ASD and an identified endocrine profile are commonly diagnosed with atten-
tion deficit hyperactivity disorder (ADHD) [46,50]. Treatment strategies typically involve eliminating
endocrine disruptors, managing inflammation, and supporting adrenal and thyroid functions, as re-
quired.
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4.6. Bioaccumulative Profile

The phenotypic expression of autism is influenced by the complex interplay between environ-
mental factors, such as exposure to toxins and pesticides, and genetic predispositions [16,51,52]. Var-
ious single-nucleotide polymorphisms (SNPs), including MTHER, CBS, and SUOX, affect detoxifica-
tion processes in the body, making them genetic factors that influence this profile [53]. These genetic
variations significantly affect how the body handles and eliminates the toxins. Individuals with this
profile often show clinical signs of systemic intoxication, such as dark circles under the eyes, edema,
dermatitis, chronic fatigue, and neurological symptoms. Recognizing and addressing these signs is
crucial to effectively managing their conditions [54-56].

Effective management of the Bioaccumulative Profile involves reducing toxin exposure, utilizing
targeted detoxification therapies, and a diet rich in antioxidants, essential nutrients, and phytochem-
icals to support detoxification [57,58]. Understanding an individual’s specific genetic makeup, par-
ticularly in genes related to detoxification, is vital for developing personalized therapeutic ap-
proaches to enhance detoxification efficiency and alleviate the adverse effects of bioaccumulation
[59].

4.7. Infectious Profile

Psychiatric and neurological disorders, including autism, are often intricately linked to the im-
mune and inflammatory responses to various infections [19,28]. Understanding the infectious profile
is essential for comprehending these conditions as it offers insights into the potential underlying causes and
guides appropriate treatment strategies. Analyzing the immune system response and cytokine profiles is crucial
for clinicians to understand the role of infectious processes in the development of symptoms observed in autism
and other psychiatric disorders.

It is essential to recognize the potential overlap and confusion in symptom presentation between
conditions, such as Pediatric Acute-onset Neuropsychiatric Syndrome (PANS), Pediatric Autoim-
mune Neuropsychiatric Disorders Associated with Streptococcal Infections (PANDAS), and autism
[60]. These conditions can be challenging to diagnose, especially in children aged 3-17 years, owing
to the similarities in their presentation with autism, which leads to diagnostic complexities. An over-
active immune response to infection can trigger autoimmune encephalitis and cause brain inflamma-
tion and neuropsychiatric symptoms that may resemble or exacerbate autism symptoms [61-63].

Furthermore, it is essential to acknowledge that anxiety in individuals with autism may be as-
sociated with various viral infections [64]. These infections can lead to neuroinflammation and con-
tribute to neuropsychiatric symptoms. The emergence of COVID-19 and the associated neuroinflam-
matory responses, including in children with autism, underscores the need for pediatricians to be
particularly vigilant [65-67]. This vigilance is crucial for detecting neurodevelopmental regression or
other changes that may indicate an infectious or an autoimmune response.

Individuals with autism may experience concurrent infections or autoimmune encephalitis of
infectious origin that may affect their clinical presentation. Therefore, a thorough and detailed inves-
tigation is vital for the diagnosis and treatment of autism, recognizing that individuals with autism
can experience a wide range of health issues, including those related to infections [68].

4.8. Immunological Profile

The Immunological Profile presents significant challenges owing to its complexity and severity,
often resulting in poor prognosis. This profile is influenced by various immunological triggers, in-
cluding infections, exposure to toxic agents, and comorbidities, all contributing to management dif-
ficulties. One of the critical challenges in this profile is the significant overlap and mimicry of symp-
toms with conditions such as viral encephalitis, leading to potential diagnostic errors. Patients with
immunological profiles may exhibit a range of symptoms and conditions, such as Obsessive-Com-
pulsive Disorder (OCD), Disruptive Mood Dysregulation Disorder (DMDD), selective eating, and
multiple allergies. Owing to their severity, these patients often require moderate to high levels of
support and respond well to treatments such as antibiotics, corticosteroids, or immunomodulatory
drugs [60,68,69].
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Additionally, a history of autoimmune diseases, including upper respiratory tract infections
(URTI) and atopic dermatitis, is common in these patients. Significantly, conditions such as Pedjiatric
Acute-onset Neuropsychiatric Syndrome (PANS) and Pediatric Autoimmune Neuropsychiatric Dis-
orders Associated with Streptococcal Infections (PANDAS) are strongly associated with immunolog-
ical profiles [70]. Both PANS and PANDAS are characterized by sudden-onset neuropsychiatric
symptoms following an infection, often leading to significant behavioral changes and exacerbation
of autism-related symptoms. Recognizing and addressing these conditions is crucial for managing
the Immunological Profile, as they demonstrate the profound impact of immunological factors on
neuropsychiatric presentation in autism. Managing the immunological profile requires a comprehen-
sive approach that focuses on the specific immunological needs of each individual and tailors treat-
ment strategies to effectively address a broad spectrum of symptoms and their underlying triggers
[71].

4.9. Inflammatory Profile

The Inflammatory Profile is characterized by chronic inflammation, evident through elevated
levels of pro-inflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-a). This profile is frequently observed in patients with gastrointestinal tract disorders and is
initially observed in a significant proportion of individuals with autism spectrum disorders [72]. Gas-
trointestinal symptoms often serve as early indicators of an inflammatory profile originating from
gut inflammation, which is common in these patients. The primary sources of inflammation are in-
testinal- and diet-related factors [73]. However, the defining characteristic of the inflammatory profile
is persistent inflammation, even after addressing various underlying issues, including intestinal dys-
function, endocrine abnormalities, subclinical infections, and autoimmune diseases.

Despite comprehensive treatment efforts, some patients continue to exhibit clinical and labora-
tory signs of inflammation, indicating the presence of chronic inflammatory disease. This persistent
inflammation suggests an ongoing role of the inflammasome, a multiprotein complex involved in
chronic inflammatory conditions. Identifying specific Single Nucleotide Polymorphisms (SNPs) that
contribute to the pro-inflammatory state is crucial for understanding individual variations in inflam-
matory responses [74]. Notably, SNPs, such as those in the MTHER and TNF genes, specifically TNE-
a -308G>A, have been extensively studied for their roles in inflammatory processes [72].

Inflammation is a common mechanism in several diseases. It's important to note that even after
treating various clinical conditions and eliminating all possible inflammatory triggers, inflammation
and the inflammatory profile persist. This underscores the need for particular and targeted strategies
for managing chronic inflammation, which appears to be intrinsic to the inflammatory profile in ASD.

4.10. Neurological Profile

The neurological profile of individuals with autism is often identified early in treatment or may
have been previously diagnosed with a condition related to the central nervous system (CNS). This
profile encompasses conditions such as epilepsy, congenital malformations, and syndromes that re-
sult in seizure disorders, including Landau-Kleffner syndrome [75,76]. In some instances, a neuro-
logical profile may develop because of a lack of diagnosis and subsequent treatment of chronic neu-
roinflammation, leading to worsening of the overall condition.

Recent studies have highlighted the critical role of amino acid metabolism, particularly trypto-
phan metabolism, in the pathogenesis of neuropsychiatric disorders [79]. Dysregulation of the tryp-
tophan metabolic pathway has been implicated in conditions such as schizophrenia and could simi-
larly influence the neurological profile of autism [80]. This suggests that metabolic interventions tar-
geting amino acid imbalances may be a potential avenue for managing treatment-resistant neurolog-
ical symptoms in ASD.

An, and that integrative approach is vital for the understanding and management of neurologi-
cal profiles. For instance, individuals with severe allergies may experience food-reactive epilepsy, or
food allergies can lead to adenoid hypertrophy, causing hypoxia and nocturnal epilepsy [77,78]. Iden-
tifying and addressing these underlying factors is crucial, especially for treatment-resistant neuro-
logical symptoms, and it is essential to recognize that the CNS interacts with all profiles within the
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autism spectrum. While the Neurological Profile may predominantly display neurological character-
istics and symptoms, these can be influenced by various factors, including gut-related disorders, in-
fections, intoxication, and hypothalamic-pituitary-adrenal (HPA) axis dysregulation.

5. Discussion

Autism spectrum disorder is a complex disorder that presents significant challenges in terms of
diagnosis and treatment owing to its wide range of symptoms and comorbidities. Despite substantial
progress in understanding ASD and its associated conditions, there is a need for extensive explora-
tion, especially in understanding the variation in symptom presentation among individuals with au-
tism, which complicates the diagnostic process. The current diagnostic criteria for ASD do not fully
capture its complexity and heterogeneity. This gap presents a challenge for developing personalized
diagnostic tools and treatments. Focusing on preventive medicine, especially when it comes to
comorbidities, is crucial for enhancing the quality of life of individuals with autism. Many symptoms
that exacerbate the challenges faced by individuals with autism are either direct manifestations of
untreated clinical comorbidities or worsened by them [20,28]. Moreover, symptoms arising from
these comorbidities can often be misinterpreted by professionals as a core aspect of autism, leading
to an inaccurate diagnosis. Neglecting the treatment of these comorbidities can have negative conse-
quences, including worsening of the patient’s required support, prognosis, and overall quality of life
[80].

Psychiatry can be challenging due to the absence of conventional laboratory findings for the
identification of certain disorders. This lack of recognition is partly due to difficulties obtaining mean-
ingful medical histories and conducting physical tests, particularly for non-verbal individuals or
those whose behaviors may interfere with assessments. Hence, it is crucial to accurately subtype and
genotype individuals with ASD to enhance treatment and add various psychiatric and clinical comor-
bidities [41].

Precision medicine has the potential to refine treatments for psychiatric symptoms in ASD pa-
tients. Identifying clinical profiles can provide a more accurate assessment of individuals with autism
and, consequently, better treatment options. It also helps monitor and predict symptoms' progression
and potential complications and identify future treatment possibilities [8]. However, further research
is needed to determine the effectiveness of precision medicine in treating psychiatric symptoms, its
potential risks and long-term effects, and the potential of precision medicine for treating patients with
ASD.

This study highlights the significance of a personalized and integrated approach to managing
autism, emphasizing the integration of the DSM-5 diagnostic criteria based on behavioral observa-
tions. Although the DSM-5 provides a standardized framework for ASD diagnosis, the heterogeneity
of autism and the presence of both clinical and psychiatric comorbidities often complicate the identi-
fication of distinct clinical profiles. By incorporating various clinical profiles, this approach aims to
achieve a more comprehensive understanding and diagnosis of autism, addressing its diverse and
complex nature more effectively. This approach should integrate various medical, psychological, ed-
ucational, and therapeutic interventions tailored to individual needs. Considering the complexity of
neurodiversity, it is crucial to correlate the core signs and symptoms of autism with potential clinical
comorbidities [20]. This ensures that comorbidities causing or exacerbating symptoms are identified
and treated appropriately rather than being mistaken for autism symptoms alone. Embracing an in-
tegrative perspective encompassing genetic factors and a broad spectrum of associated conditions
will enable professionals to develop precise and effective interventions. This approach improves pa-
tient outcomes and the quality of life of individuals with autism and their families.

Advancing our understanding of ASD involves identifying distinct clinical profiles and utilizing
epigenetic, transcriptomic, proteomic, and metabolomic markers and neurobehavioral measures.
This strategy aims for more accurate diagnoses and treatments, potentially reducing the incidence of
chronic diseases, improving prognoses, achieving cost efficiency, and enhancing the effectiveness of
behavioral therapies. Such holistic approaches signify a significant paradigm shift in autism care,
promising a future with better health outcomes and opportunities for individuals with ASD.
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6. Limitations and Future Research Directions

The novel stratification model for ASD was preliminarily validated in a controlled clinical envi-
ronment, highlighting areas needing further investigation owing to inherent limitations.

Empirical validation of the model was confined to a specific patient cohort within a clinical set-
ting, providing promising preliminary results. However, these findings may not adequately capture
the full diversity of ASD as observed in broader clinical practice. The development of the model relied
heavily on existing literature, which, while extensive, may carry inherent biases or limitations that
could affect its comprehensiveness and applicability in different clinical contexts. Furthermore, ow-
ing to the complex and variable nature of ASD, the model, despite its robust framework, might only
partially capture the nuances of the individual cases. This reflects the inherent challenge of creating
diagnostic models universally applicable to a broad spectrum of ASD manifestations [81,82].

Several directions for future research are evident. To further validate the model's effectiveness,
itis necessary to conduct broader empirical studies that extend beyond the initial clinical settings and
include more diverse patient cohorts across different environments. This expansion helps establish
the robustness and generalizability of the model. Additionally, there is a need to explore how the
model can be seamlessly integrated into routine clinical practice. Developing practical implementa-
tion tools and guidelines would facilitate their use by a broader range of healthcare professionals,
thus enhancing the model’s accessibility and utility.

We planned a series of follow-up studies to delve more deeply into the clinical profiles intro-
duced in this preliminary study. Future studies should provide a more detailed characterization of
each profile to help clinicians integrate these findings into routine practice. This approach includes
laboratory investigations and identifying clinical symptoms to improve the quality of life and clinical
stratification of patients with autism. The goal was to offer more tailored and effective treatments by
refining our understanding of each profile and the associated comorbidities.

Future research can enhance the effectiveness of the stratification model in diagnosing and treat-
ing ASD by validating and refining the model, exploring suggested research directions, and address-
ing limitations. Ultimately, this results in improved patient outcomes.

7. Conclusions

This research presents a stratification model for Autism Spectrum Disorder, aiming to improve
the precision of diagnosis and the effectiveness of treatment. By gaining a detailed understanding of
the diverse manifestations of ASD, the model challenges traditional diagnostic approaches. Its imple-
mentation in clinical practice has the potential to enhance diagnostic accuracy and treatment out-
comes by tailoring interventions to each individual's unique needs and characteristics. Additionally,
the model addresses comorbid conditions associated with ASD, improving overall patient care and
management strategies. The integration of personalized medicine into standard care could revolu-
tionize the management of Autism Spectrum Disorder, offering more effective healthcare solutions
and potential insights into the pathophysiology of ASD.
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CNS: Central Nervous System

DMDD: Disruptive Mood Dysregulation Disorder
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