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Abstract

Introduction: Autism spectrum disorder (ASD) is a neurodevelopmental condition characterized by substantial phenotypic and
genetic heterogeneity. The recent application of person-centered computational models has allowed the identification of novel
clinical subtypes with distinct genetic underpinnings. Objective: To review recent literature on the classification of ASD
subtypes through integrative approaches combining clinical, phenotypic, and genomic data, with emphasis on diagnostic,
prognostic, and therapeutic implications. Methods: A narrative review of articles published between 2018 and 2024 was
conducted in PubMed, Scopus, and Web of Science, using search terms such as “autism subtypes,” “phenotypic clustering,”
“genetic architecture in ASD,” and “precision medicine in autism.” Eligible studies included original research, systematic
reviews, and meta-analyses. Results: Recent studies have identified at least four robust clinical-biological ASD subtypes using
finite mixture modeling and person-centered analyses: (1) social and behavioral challenges, (2) mixed ASD with developmental
delay, (3) moderate challenges, and (4) broadly affected subtype. Each group presents distinctive patterns in symptoms,
comorbidities, developmental trajectories, and genetic architecture. Both de novo mutations and inherited variants play key roles
in molecular differentiation among subtypes. Conclusions: The identification of more homogeneous subgroups within the autism
spectrum represents a crucial step toward personalized medicine in ASD. Emerging clinical tools derived from these
classifications may enhance prognosis prediction and guide tailored interventions.
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1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental affecting diverse populations and emphasizing the importance
condition defined by developmental speech delay, persistent  of studying regional and ethnic genetic contributions to its
deficits in social communication, restricted interests, and pathogenesis, stimulating research into its biological bases
repetitive behaviors, together with a striking heterogeneity in and clinical classification [2].
clinical, cognitive, and functional manifestations [1]. Its From a genetic perspective, ASD is highly complex, in-
global prevalence has risen significantly in recent decades,  volving hundreds of associated genes that range from com-
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mon low-effect variants to highly penetrant de novo mutations
[3]. Studies in large cohorts, including the SPARK initiative [3,
5], and the Simons Simplex Collection (SSC) have been in-
strumental in identifying risk genes such as DDHD?2 [3] and in
demonstrating that phenotypic heterogeneity is strongly cor-
related with distinct genetic architectures [4]. (See Figure 1).

Genome-wide association studies further support the role
of common variants [6], while large-scale exome sequencing
has revealed developmental and functional changes in neu-
robiology attributable to rare and de novo mutations [7].
Synaptic, transcriptional, and chromatin-related genes have
also been implicated, underscoring the complexity of molec-
ular mechanisms involved [8]. However, this extensive ge-
netic repertoire has not easily translated into operational
clinical classifications, largely due to the broad phenotypic
variability observed among individuals.

The clinical heterogeneity of ASD has led to the proposal of
multiple biological and clinical subtypes identifying shared
core symptoms. Recent conceptual frameworks, supported by
person-centered computational models, employing computa-
tional tools and statistical models, highlight the possibility of
decomposing phenotypic variability into more homogeneous
subgroups with specific genetic underpinnings [4, 9, 10]. This
movement toward identifying biological subtypes has been
recognized not only in research articles but also in clinical and
scientific reports, 11 reinforcing its translational potential.

At the same time, increasing emphasis has been placed on
early identification of “pre-autism” features to allow timely
intervention. The concept of pre-autism has been proposed as
an emerging stage in which risk markers can be recognized
before full diagnostic criteria are met, thereby opening a
window for preventive care [9, 12].

Evidence also demonstrates that early intervention signif-
icantly improves outcomes in social communication and
overall development. A meta-analysis confirmed positive
effects of structured programs [13], and subsequent reviews
have highlighted the benefits of early therapeutic approaches
in children at high likelihood of ASD [14]. Systematic re-
views emphasize that early interventions, even before a for-
mal diagnosis, contribute to improved adaptive skills and
communication [15]. Furthermore, specific models such as
the Early Start Denver Model have been examined within the
framework of applied behavioral analysis (ABA), with evi-
dence supporting their effectiveness in early developmental
stages [16].

The integration of genetic and phenotypic data is crucial for
refining classification. Cohort-based analyses show that
phenotypic heterogeneity has strong genetic correlates [17],
and conceptual reviews highlight the challenges of defining
“problem behaviors” in early childhood, which remain in-
consistently operationalized across intervention studies [18].
Advances in machine learning have begun to facilitate the
integration of clinical phenotypes with transcriptomic data,
increasing screening precision and improving the identifica-
tion of biologically meaningful subgroups [19].
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Finally, systematic reviews and meta-analyses confirm that
structured early intervention programs yield moderate but
consistent benefits across developmental domains [20]. To-
gether, these findings underscore the need to bridge biological
classification with early, targeted clinical strategies.

The aim of this review is to synthesize the most recent
findings on ASD subtype classification, integrating clinical
and genetic evidence, with emphasis on its applicability to
personalized medicine and to prognostic and therapeutic ap-
proaches.
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Figure 1. Biological and Clinical Subtypes in Autism Spectrum
Disorder: Phenotypic and Genetic Advances.

2. Materials and Methods

This review follows a qualitative, narrative, and descriptive
approach in accordance with the SANRA (Scale for the As-
sessment of Narrative Review Avrticles) criteria. The objective
was to compile and critically analyze recent evidence on the
identification of clinical-biological subtypes of autism spec-
trum disorder (ASD) using integrative methodologies that
combine phenotypic and genetic data.

2.1. Search Strategy and Selection Workflow

The literature search was conducted in the PubMed, Scopus,


http://www.sciencepg.com/journal/frontiers

Frontiers

http://www.sciencepg.com/journal/frontiers

and Web of Science databases, covering the period between
January 2018 and April 2024. The following English key-
words were used, combined with Boolean operators: “autism
subtypes,” “phenotypic clustering,” “person-centered mod-
eling in autism,” “genetic architecture in ASD,” “ASD preci-
sion medicine,” and “SPARK autism cohort.”

Inclusion criteria:

1) Original articles from observational studies (cohort,
cross-sectional, or retrospective), systematic reviews,
meta-analyses, and relevant narrative reviews.

2) Studies published in English or Spanish.

3) Research focused on phenotypic or genetic classification
of ASD.

Exclusion criteria:

1) Case reports, letters to the editor, brief communications,
editorials, or non-peer-reviewed articles.

2) Studies including exclusively adult populations or
lacking a specified clinical diagnosis.

The selection process was performed in three stages: (1)
title and abstract screening to exclude non-relevant articles, (2)
full-text critical reading to ensure alignment with the study
objectives, and (3) qualitative evaluation of methodological
quality and translational relevance.

A total of 38 full-text articles were included, originating
from large cohort studies such as SPARK and the Simons
Simplex Collection (SSC), as well as research focused on
phenotypic analysis, subgroup identification, and genomic
correlation.

2.2. Study Appraisal

All included studies were appraised qualitatively according
to five domains: design clarity and appropriateness, internal
validity, sample characterization, cohort data quality, and
clinical or translational relevance. Each article was inde-
pendently reviewed by two authors, and any discrepancies
were resolved through discussion until consensus was reached.
Given the heterogeneity of study designs, no quantitative
scoring or risk-of-bias tools were applied; instead, emphasis
was placed on interpretive and methodological rigor.

2.3. Data Extraction and Thematic Synthesis

Extracted data were organized into thematic matrices and
qualitatively analyzed across four domains:

1) classification of ASD subtypes,

2) distinctive clinical and behavioral features,

3) differential genetic or molecular profiles, and

4) applications in precision or personalized medicine.

Data extraction followed a dual-reviewer process, with
reconciliation of discrepancies and integration of findings
through thematic coding. This narrative synthesis enabled
identification of conceptual overlaps, methodological trends,
and gaps in the literature. The choice of a narrative ap-
proach—rather than a systematic or meta-analytic design—is
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justified by the exploratory and heterogeneous nature of the
available evidence.
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Figure 2. PRISMA flow diagram of the study selection process for
the narrative review.

3. Results

Following the predefined inclusion and exclusion criteria,
492 initial records were identified in the databases searched.
After screening titles and abstracts, 409 articles were ex-
cluded for irrelevance, duplication, or being editorials.
Eighty-three full-text articles were assessed for eligibility, and
38 were ultimately included in the qualitative review (see
Figure 2).

The selected studies comprised observational research,
computational analyses of large cohorts (mainly SPARK and
the Simons Simplex Collection), as well as systematic reviews
and recent meta-analyses addressing phenotypic and genomic
classification of ASD.

From the thematic analysis, the following main findings
were identified:

1) Person-centered phenotypic classification: Multiple
studies converged on the use of finite mixture models to
identify four consistent clinical subtypes within the au-
tism spectrum [10, 11]. (see Figure 3):

a) Social and Behavioral Challenges: Greater impair-
ment in social communication, anxiety, depression,
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and ADHD, without significant developmental delay.

b) Mixed ASD with Developmental Delay: Predomi-
nantly language impairment, intellectual disability,
and motor disorders.

¢) Moderate Challenges: Milder autistic symptoms,
with near-typical developmental trajectories.

d) Broadly Affected: Severe cognitive impairment, early
diagnosis, and multiple psychiatric comorbidities [4,
5, 11].

Person-centered computational models—such as latent
class analysis and finite mixture modeling—represent da-
ta-driven clustering methods that estimate latent subgroups
based on joint distributions of symptoms and comorbidities,
assigning probabilistic class membership to each participant.
These approaches identify hidden phenotypic structures
within heterogeneous ASD populations and enable external
validation through independent cohorts or convergent bi-
omarker data. When combined with genetic and neuroimag-
ing datasets, they enhance the biological interpretability and
translational value of identified subtypes.

Challenge Description

Lack of Limited knowledge among heaithcare

awareness providers and the public about early signs
of autism complicates timely diagnosis
and intervention

Cultural and Barriers to accessing culturally ranging

linguistic barriers

from subtie signs to overt characteristics,
complicates diagnosis

Complexity of ASD
presentation

Diverse presentation of ASD, ranging from
subtle signs to overt characteristics, compi-
licates diagnosis

Lack of screening
programs

Absence of established and standardized
pre-autism screening programs complicates
early diagnosis

Excessive reliance on
unproven biomarkers

Heterogeneity of
ASD

Challenges in
advancing early
identification

Caution against over-reliance on biomarkers
not yet validated for early ASD detection,
stressing the importance of available
evaluations

Restricted access to specialized interven-
tions leads to later recognition and targe-
ted interventions, particularly in underserv-
ed areas

The intricate nature of ASD and barriers
in developing pre-autism screening delay
efforts to improve early identification
strategies

Source: Authors’ elaboration

Figure 3. Challenges for Early Diagnosis and intervention in Autism

Spectrum Disorder.

2) Genetic correlations among subtypes: Clear differences
in the burden and type of genetic variants were observed
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[11]:

a) The Broadly Affected subtype showed the highest
prevalence of high-impact de novo variants [6-8].

b) The Mixed with Developmental Delay subtype pre-
sented a combination of de novo and rare inherited
variants, suggesting stronger hereditary contributions
[6, 7, 11].

¢) In the Social and Behavioral subtype, affected genes
were predominantly expressed postnatally, correlat-
ing with later onset and preserved developmental
milestones [4, 10, 11].

3) External validation: Subtypes were replicated in the
independent Simons Simplex Collection, characterized
by clinician-verified diagnoses, supporting the robust-
ness of the proposed model [4, 5].

4) Clinical applications: Several authors emphasized the
potential of these classifications for clinical stratification,
the development of phenotype-based diagnostic tools,
and the design of more personalized interventions within
the framework of precision medicine in ASD [9, 13, 14].

Overall, the findings highlight a convergent trend in current

literature toward integrative classifications of ASD that
combine clinical, behavioral, and genetic data, with direct
impact on etiological understanding and therapeutic planning.

4. Discussion of Results

The evidence reviewed confirms a growing trend toward
decomposing Autism Spectrum Disorder (ASD) into more
homogeneous clinical and biological subtypes. Per-
son-centered methodologies and multidomain phenotypic
analyses have enabled significant stratification beyond tradi-
tional approaches based solely on global behavioral symp-
toms.

Large cohorts such as SPARK and the Simons Simplex
Collection (SSC) demonstrate that finite mixture models
identify subtypes distinguished not only by symptom severity
but also by comorbidities, diagnostic timing, cognitive de-
velopment, and—critically—underlying genetic variants
[3-5]. This represents a step toward precision medicine,
linking observable phenotypes with specific biological
mechanisms.

Notably, recognition that subtypes like Social and Behav-
ioral Challenges involve mutations expressed primarily
postnatally [4] suggests clinical relevance of genetic timing
for prognosis and intervention. In contrast, Broadly Affect-
edsubtypes, with high-impact de novo variants [4, 6, 7, 10],
are associated with severe deficits and early diagnosis. These
findings reinforce the view that ASD is not a linear spectrum
of severity but a constellation of discrete neurobiological
trajectories.

Validation in external cohorts further strengthens repro-
ducibility, although methodological limitations remain, in-
cluding reliance on self-reported data in some cohorts and
limited ethnic and cultural diversity.
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Clinically, advances in phenotypic-genetic classification
create opportunities for automated clinical tools to assign
subtypes, leveraging routinely collected data [10, 12]. Such
tools could guide targeted interventions from early stages,
though their implementation will require validation, clinician
training, and integration into health systems.

Recent reviews also highlight challenges in intervention
research. For example, a systematic analysis of
non-pharmacological interventions in autistic children under
eight years revealed lack of consensus on which behaviors to

target, underscoring the need for clearer conceptual frame-
works and culturally sensitive approaches [18]. Moreover,
machine-learning approaches integrating ADI-R data with
molecular information improved screening accuracy and
showed stronger genotype-phenotype concordance, support-
ing a phenotype-first strategy [19].

Meta-analyses confirm that early developmental interven-
tions yield moderate benefits (d = 0.45) [20], yet emphasize
the need for standardized, long-term, and comparative studies.
(See Table 1)

Table 1. Strategies to Improve Early Diagnosis and Intervention in Autism Spectrum Disorder.

Key Area Action to be Taken

Awareness

Develop educational programs for healthcare professionals, teachers, and the general public to

recognize early signs of autism.

Culturally appropriate resources

Screening implementation

Biomarker research

Produce and distribute materials adapted culturally and linguistically to facilitate equitable
access to services in diverse communities.

Design and establish standardized early detection systems to identify cases in a timely manner
and facilitate early interventions.

Advance scientific validation of biomarkers useful in early ASD stages, avoiding premature use

without sufficient clinical evidence.

Personalized detection

needs of each individual.

Access to specialized services

Multisectoral collaboration

Promote evaluations tailored to the variability of ASD manifestations, considering the specific

Improve the availability of services and therapies in resource-limited regions to reduce delays in
diagnosis and intervention.

Foster partnerships among healthcare professionals, researchers, and technology sectors to

innovate in early detection and intervention tools.

This supports a paradigm shift: ASD is not a linear spec-
trum of severity, but a constellation of discrete neurobiolog-
ical trajectories [4, 10]. Subtypes with postnatally expressed
variants (e.g., Social & Behavioral) may allow later interven-
tion windows, whereas Broadly Affected subtypes show early
high-impact de novo variants with severe outcomes [7, 8].

Early intervention studies consistently demonstrate benefits
[13-15, 20], yet challenges remain in defining which behaviors
to target [18] and in standardizing culturally sensitive tools.
Machine-learning approaches integrating phenotypic and ge-
nomic data improve screening accuracy and subtyping [19].

Together, current evidence indicates that ASD is best
conceptualized as a spectrum of differentiated biological
trajectories. Subtyping offers promise for overcoming diag-
nostic heterogeneity, improving prognosis, and tailoring in-
terventions, though further research must enhance represent-
ativeness and translational applicability.

Expanded Limitations

Despite promising progress, several limitations persist. The
representativeness of available cohorts remains restricted,
with underrepresentation of ethnic and low-income popula-
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tions. Cross-site heterogeneity in diagnostic tools, behavioral
rating scales, and cognitive assessments limits comparability.
Additionally, variability in genetic annotation depth and
quality constrains reproducibility of genotype-phenotype
correlations. Addressing these gaps will require harmoniza-
tion of study protocols through common data elements
(CDEs), shared ontologies, and standardized phenotyping
instruments. Equitable inclusion of diverse populations is
critical to ensure the global applicability of emerging subtype
frameworks.

Future Directions

Future studies should prioritize longitudinal validation of
ASD subtypes to assess developmental stability and predic-
tive clinical utility. Pragmatic clinical trials embedding sub-
type-aware decision tools into healthcare systems are needed
to determine feasibility and impact on outcomes. Integration
with electronic health records (EHRS) and explainable artifi-
cial intelligence (Al) systems will support translation into
clinical workflows.

Attention to ethical, cultural, and governance considera-
tions is essential, particularly regarding data privacy, consent,
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and public engagement. Cross-cultural adaptation of diag-
nostic and phenotypic instruments must accompany the use of
global datasets to prevent disparities in precision medicine
applications. Ultimately, collaborative efforts linking ge-
nomics, neuroimaging, and behavioral data within transparent,
ethically guided frameworks will accelerate the implementa-
tion of person-centered care in ASD.

5. Conclusions

The growing recognition of ASD as a heterogeneous con-
dition has driven integrative classifications that combine
clinical, phenotypic, and genetic data. Evidence supports the
existence of consistent clinical-biological subtypes with dis-
tinct behavioral, cognitive, comorbidity, and genomic pro-
files.

Identifying subtypes through person-centered computa-
tional models represents a significant advance toward per-
sonalized medicine in neurodevelopment. The finding that
certain genetic variants are preferentially associated with
specific subgroups, and that their timing of expression differs,
suggests that ASD is not a linear continuum but a constella-
tion of distinct biological pathways.

These advances have practical implications, including the
development of predictive tools for diagnosis, prognosis, and
early intervention. Nevertheless, implementation requires
further validation, broader population representativeness, and
culturally sensitive strategies that involve the autistic com-
munity in the design and evaluation of new tools.

Ultimately, integrating phenotypic and genomic data in
large cohorts enables more precise classification of ASD,
paving the way for precision medicine in autism. This ap-
proach holds the potential to improve prognostic accuracy,
personalize interventions, and advance toward equitable,
patient-centered care.

Abbreviations

ASD Autism Spectrum Disorder

ABA Applied Behavior Analysis

SPARK Simons Foundation Powering Autism
Research for Knowledge

SSC Simons Simplex Collection

ADHD Attention-Deficit/Hyperactivity Disorder

DSM-5 Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition

[0] Intelligence Quotient

DNA Deoxyribonucleic Acid

SNP Single Nucleotide Polymorphism

NGS Next-Generation Sequencing

ADI-R Autism Diagnostic Interview-Revised

CDE Common Data Elements

Al Artificial Intelligence

EHR Electronic Health Record
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