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ABSTRACT

Neurodevelopmental disorders (NDDs), including autism spectrum disorder
(ASD), attention-deficit/hyperactivity disorder (ADHD), intellectual disability
(ID), and rare genetic syndromes, affect millions of children worldwide and
impose a significant global health burden. Current diagnosis relies primarily
on behavioral assessments, which are subjective, delayed, and poorly suited to
capture comorbidities. Biological testing remains limited, leading to
diagnostic delays of years in ASD, ADHD, and rare syndromes. Advances in
multi-omics like genomics, transcriptomics, proteomics, metabolomics, and
epigenomics, together with artificial intelligence (Al) provide a transformative
path toward precision medicine in NDDs. Genomic studies highlight the role
of copy number variants and polygenic risk scores in risk stratification, while
transcriptomic  and proteomic  analyses  reveal synaptic  and
neuroinflammatory pathways relevant to pathogenesis. Metabolomic
profiling of biofluids identifies mitochondrial and microbiome-linked
biomarkers, and epigenomics offers an environment-responsive regulatory
layer. Al enables integration of these high-dimensional datasets, overcoming
the “curse of dimensionality” through deep embedding, graph learning, and
multimodal fusion. Case studies demonstrate promising accuracies in early
prediction of ASD and ADHD from placental transcriptomics, DNA methylation,
and newborn metabolomics, with reported AUCs approaching 1.00. Beyond
diagnosis, Al-driven multi-omics supports stratified interventions, from
metabolic modulation  to pathway-specific pharmacology  and
neuromodulation, while adaptive monitoring systems linking omics to
electronic health records and wearable biosensors enable continuous,
individualized care. However, small cohorts, limited replication, high costs, and
ethical issues around privacy, equity, and algorithmic bias remain critical
barriers. Future progress is contingent on the independent validation of
existing models, a shift toward explainable Al (XAl) to elucidate biological
mechanisms, and the adoption of privacy-preserving federated learning
platforms to enhance data diversity and model robustness. Future directions
demand longitudinal biobanking, federated learning, XAl frameworks, and
cross-disciplinary collaboration to ensure robust translation. Integrating Al
with  multi-omics  holds  unprecedented potential to reshape
neurodevelopmental care from diagnosis to lifelong management.

Keywords: Neurodevelopmental Disorders (NDDs), Multi-Omics
Integration, Artificial Intelligence (Al), Precision Medicine, Biomarker
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Introduction

Neurodevelopmental disorders (NDDs), notably
autism spectrum disorder (ASD), attention-
deficit/hyperactivity disorder (ADHD), intellectual
disability (ID) and rare genetic syndromes affect a
substantial portion of children worldwide. Recent
estimates place ASD at roughly 0.4 % globally with
higher rates in high-income countries (up to 0.7
%) ." In the United States, about 1in 31 eight-year-
olds (3.2 %) have ASD .2 ADHD shows even greater
reach: global childhood prevalence is around 6-8
%,> while recent U.S. estimates report that 11.4 %
of children age 3-17 have ever been diagnosed. *
Intellectual disability affects roughly 2-3 % of the
general population. * Co-occurrence is common:
ADHD traits appear in 25 %-32 % of individuals
with autism and ID co-exists in 30 %-40 % .2
Diagnosis remains challenging. Clinical
assessments rely heavily on behavioral
observation, which varies by context, age and
evaluator expertise. Biological tests are absent.
These constraints delay personalized care and
hinder early intervention. Against this backdrop,
next-generation Al integrated with multi-omics
data while including genomics, transcriptomics,
proteomics, metabolomics and epigenomics
offers a new frontier. This convergence promises
improved early diagnosis, precise subtyping of
disorders and tailored long-term management. Al-
driven multi-omics integration holds
transformative potential for early diagnosis,
precision medicine and long-term care in
neurodevelopmental health.

Al-driven Multi-Omics for Neurodevelopmental Disorders

Figure 1: Al + Multi-Omics Framework for NDD
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Landscape of Neurodevelopmental Disorders

Neurodevelopmental disorders impose a
substantial global strain. In 2021, among children
aged 0-14, autism spectrum disorder (ASD)
affected roughly 857 per 100,000 individuals (0.86
%) and ADHD about 1,662 per 100,000 (1.66 %)
figures derived from the Global Burden of Disease
(GBD) study while corresponding burdens in
disability-adjusted life years (DALYs) reached over
3.3 million for ASD and around 410,000 for ADHD
in that group.® Broadly, the global prevalence of
ASD stood at over 61 million individuals in 2021
approximately one in 127 people with an age-
standardized rate of 788 per 100,000 and 11.5
million DALYs.®

ASD accounted for a leading cause of non-fatal
health burden among those under 20 with DALY
rates particularly high in high-income regions, up
to 204 per 100,000. 7 ADHD prevalence across the
lifespan in 2019 ranged between 0.83 % and 1.49
%, contributing about 0.8 % of global mental
disorder DALYs.® Regionally, prevalence of ASD
varies notably from just 0.02 % in China to over 3
% in Sweden while showing methodological and
diagnostic differences.®

Current diagnosis depends on clinical observation,
standardized behavioral assessments and in select
cases genetic screening for rare syndromes. Yet
these approaches introduce subjectivity, long
delays and inconsistent results. For example, the
average age at ASD diagnosis is approximately five
years (around 60 months), often following years
of concern. " In Scotland, patients may endure
over four years for diagnostic confirmation.” In
England, nearly 2.5 million individuals likely have
ADHD, yet only a third hold formal diagnoses and
waiting lists exceed half a million people.™

Further delays occur when conditions overlap.
Children with both ADHD and autism may receive
ASD diagnoses 1.5 to 2.6 years later than peers
without ADHD.™ People with rare genetic
disorders bearing neuropsychiatric symptoms
face mean diagnostic delays of over nine years,
even as testing methods improved over decades.™
These gaps late diagnosis, heterogeneous

presentations, comorbidity and limited access
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block early intervention, derail personalized care
and stall therapeutic progress. The shortcomings
reveal urgent need for precision in
neurodevelopmental disorders diagnosis, early
detection autism ADHD and recognition of
limitations of current care.

Multi-Omics Approaches in Neurodevelopment

Genomics

Rare mutations such as copy number variants
(CNVs) and polygenic risk scores (PRS) both
contribute to neurodevelopmental disorders. In
families affected by autism or ADHD, rare CNVs
and PRS together explain roughly 10 % of variance
in comorbid conditions, while PRS alone accounts
for as little as 2 % in ADHD and 4 % in autism. ™
Recent methods like GenomicSEM  help
disentangle overlapping genetic risk between
ADHD and ASD, improving PRS specificity and
discriminatory power for diagnostic use.
However, PRS remains limited: its predictive
accuracy is modest and in one cohort the highest
ADHD-PRS decile conferred just a 4.4-fold
increased relative risk. 7

Transcriptomics

Altered gene expression in neural pathways is
increasingly recognized in NDDs. Transcriptomic
profiling often combined with neuroimaging has
revealed ASD-related gene network modules that
align with brain regions relevant to functional
abnormalities, reinforcing the potential of
imaging-transcriptomics for early biomarker
discovery. ™®

Proteomics

Proteomic studies of synaptic structures in ASD
uncover reduced expression of postsynaptic
proteins including AMPA and NMDA receptor
components (e.g., DLG4, Shankl-3), CAMK2a«,
neuroligins and neurexins implicating disrupted
synaptic maturation in cognitive deficits ' Broader
proteomic-metabolomic analyses find
dysregulation in mitochondrial bioenergetics
(e.g., NDUVT), immune/inflammatory proteins
(e.g., MBP), lipid metabolism (e.g., APOB-100) and
synaptic function markers (e.g., SYT1) in ASD
patients. %
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Metabolomics

Biofluid metabolomic profiling reveals altered
metabolites in ASD linked to fatty-acid metabolism
(decanoyl-L-carnitine), oxidative stress

(glutathione), mitochondrial dysfunction
(arginine), energy metabolism (succinic acid),
neurotransmitters (GABA) and microbiome
interplay (tryptophan). ?° Integrated urine-based
proteomic and metabolomic studies further
identify neuroinflammation-related changes: 77
differential proteins and 277 metabolites with
pathways such as leukocyte migration, antigen
presentation and immune signaling enriched in

ASD samples. ¥

Epigenomics

While neurodevelopmental epigenomic data
remain sparse, integrating epigenomic data such
as DNA methylation offers critical insight. It
captures environment-responsive gene regulation
layers and is a cornerstone of systems medicine
approaches.?

Advantages of Omics Integration
Combining these omics yields a systems-medicine
view. Multi-omics integration supported by
network biology, deep learning, Bayesian
networks, graph-based models, tools like
mixOmics and joint pathway analyses facilitates
detection of regulatory hierarchies and multi-
modal biomarkers that single-omics cannot
(Placeholder1)provide. % This strategy enhances
diagnostic  accuracy, clarifies mechanistic
pathways and may guide therapeutic targeting.
Genomics in autism, proteomics biomarkers ADHD
and multi-omics integration neuroscience are
advancing beyond descriptive data to actionable
biology but only by embracing interconnected
omics layers can we start to capture the full
complexity of neurodevelopmental disorders.

Next-Generation Al and Data Integration

Artificial intelligence methods spanning classic
machine learning, deep learning and graph neural
networks are advancing the capacity to harness
complex multi-omics in neurodevelopment. The
burden of high-dimensional omics data, marked by
thousands of features from small sample sets,
poses a serious big-data challenge known as the
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*curse of dimensionality.” Techniques like deep
embedding (as in frameworks such as OmiEmbed)
reduce dimensionality and improve downstream
task performance, from phenotype profiling to
multi-omics integration or survival prediction.?*

Al enables fusion across omics layers. A prime
example comes from a large birth cohort study
integrating  placental transcriptomics and
metabolomics to explore the placenta-brain axis.
Using a multi-omics machine learning workflow,
researchers achieved remarkably accurate
classification of neurodevelopmental symptoms:
99.7 % for autism, 99.0 % for ADHD and 95.7 % for
intellectual disability. ® Such results illustrate
potential of Al multi-omics integration to identify
early biomarkers from biological fluid data,
forging a route toward molecular diagnosis. In
genomics and epigenomics, several studies show
promise. One used deep learning models on
placental CpG methylation data to predict autism
in newborns with perfect accuracy (AUC = 1.00),
implicating neuronal development pathways such
as synapse formation and neurogenesis. 2¢
Another study applied explainable Al to gene-
expression datasets from GEO, identifying
hundreds of differentially expressed genes and
potential ASD biomarkers such as HOXB3, SEMA4D
and MID2. ¥ However, a critical future need is to
move beyond predictive accuracy alone. Research
must prioritize explainable Al (XAl) approaches
that demystify model decisions, linking
predictions to specific, interpretable biological
mechanisms. These examples reflect value of XAl
and deep learning neurodevelopment strategies
that combine disparate omics layers.

Developments in graph-based Al also offer
promise. One multi-modal, multi-kernel graph-
learning framework (MMKGL) encoded modalities
such as imaging into learned graph embeddings.
Applied to autism prediction, this method
outperformed conventional models and
spotlighted specific brain regions tied to
pathology. 2 Most case studies currently focus on
autism; direct examples for ADHD using proteomic
or metabolomic data remain scarce. Yet machine
learning classifiers have shown value for instance,
peripheral blood mMRNA models in toddlers
achieved AUC of 0.88 using selected immune-
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related genes.®® Al methods from machine
learning through deep learning to graph neural
networks offer powerful tools to manage the
complexity of multi-omics data and fuse layers.
Case studies demonstrate potential for early
autism risk prediction via combined
genomic/epigenomic markers and symptom
classification using transcriptomic/metabolomic
placental data. This emerging work signals a shift
toward precision psychiatry, but it must be
tempered small cohorts, lack of replication and
overfitting risk demand continued rigor and

independent validation.
Applications in Early Diagnosis

Early detection stands as a pivotal aim in
neurodevelopmental care. Al-enabled models that
fuse omics, imaging and behavioral inputs are
reshaping the field of Al early diagnosis autism.
One study applied deep learning to placental DNA
methylation patterns. Using just five CpG sites, it
predicted autism with perfect accuracy (AUC =
1.00, 100 % sensitivity and specificity).3® Similarly,
analysis of newborn leukocyte methylation
achieved AUC = 1.00 with sensitivity at 97.5 % and
specificity at 100 %, leveraging six CpG-based

markers .3

In newborn screening settings,
integrating multi-omics newborn screening shows
promise. Untargeted metabolomic profiling of
dried blood spots identified biochemical markers
in neonates who later developed autism, laying
groundwork for molecular surveillance at birth .3
Broader philosophical reviews affirm the potential
to expand newborn screening programs through
omics integration, though challenges remain in
implementation cost, acceptability and
scalability3? Real-world medical records also feed
Al-based risk assessments. A machine learning
model trained on electronic health records from
over 780,000 children achieved an AUC of 0.86 in
predicting ASD using early life data birth metrics,
developmental milestones and familial variables.
High-risk groups showed a 4.3-fold higher ASD
incidence. 3 Another approach applied EHR-based
Cox models to data collected before age one. By
360 days, the sensitivity reached nearly 60 % at 81
% specificity and performance improved when
paired with caregiver surveys.?*
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Imaging and behavioral fusion also advance early
detection. A digital phenotyping app using
behavioral stimuli, computer vision and machine
learning achieved AUC = 0.90 with 88 % sensitivity
and 81 % specificity in identifying autism among
toddlers.3> Reviewer interpretations of Al-powered
neuroimaging, including fMRI, EEG, and DTI, report
accuracies ranging from 85 % to 99 % and
highlight developmental windows (9-12 months)
as critical for early biomarker extraction.*® Case
identification of specific syndromes such as
Fragile X or Rett through Al-omics remains
limited. Yet, early genetic or epigenetic biomarker
detection in newborns suggests potential
pathways for early identification of such
conditions, especially with targeted omics panels
integrated into newborn screening. Predictive
models neurodevelopment that combines omics,
clinical records and imaging hold remarkable
promise for identifying autism risk before
symptoms emerge. These approaches could
extend into newborn screening frameworks. Still,
limitations overfitting, cohort bias, scalability and
the need for external validation across diverse
populations must be addressed to ensure clinical
translation.

Precision Medicine and Tailored Interventions

Precision medicine offers a path to overcome the
limitations of  one-size-fits-all care in
neurodevelopmental disorders by stratifying
patients on the basis of omics-derived biomarkers.
Genomic and epigenomic profiles have begun to
distinguish  subgroups of autism spectrum
disorder (ASD) and attention-deficit/hyperactivity
disorder (ADHD) with distinct biological
underpinnings. For instance, polygenic risk scores
and methylation signatures linked to synaptic
plasticity or dopaminergic signaling have been
proposed as stratification tools, enabling
clinicians to move beyond symptom-based
categorization. This approach aligns with the
growing demand for personalized treatment in
multi-omics neurodevelopment research.”

Tailored interventions are advancing across
multiple domains. Nutritional strategies informed
by metabolomic data, such as correction of amino
acid imbalances or modulation of gut-brain
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metabolites, are being investigated as adjunctive
therapies in ASD. Pharmacological precision is
emerging through identification of pathway-
specific drug targets; for example, inhibitors of
mTOR signaling in Fragile X syndrome or
modulators of glutamatergic transmission in Rett
syndrome. Neuromodulation approaches,
including transcranial magnetic stimulation and
closed-loop neurofeedback, may be personalized
through biomarkers indicating cortical excitability
profiles. Such interventions hold promise for
reshaping developmental trajectories rather than
simply  alleviating  symptoms.®®  Artificial
intelligence has accelerated these developments
by refining Al drug discovery in
neurodevelopment. Deep learning platforms
trained on proteomic and metabolomic data are
capable of identifying candidate molecules that
target  synaptic  function or  metabolic
dysregulation. Virtual screening combined with
molecular dynamics further narrows therapeutic
candidates, shortening the drug discovery
pipeline. Al-driven trial design enables biomarker-
guided stratification, improving power to detect
treatment effects in heterogeneous populations

while reducing attrition rates.®

Despite these advances, challenges remain. Most
biomarkers lack replication across large cohorts
and ethical considerations arise around
stratification in pediatric populations. Clinical
implementation is hindered by the high cost of
multi-omics  sequencing and the limited
accessibility of computational infrastructure in
routine care. Nonetheless, precision medicine in
ASD and ADHD is progressing toward a systems-
level framework in which omics signatures guide
individualized therapies. The integration of Al and
network biology provides a feasible path to
overcome current diagnostic and therapeutic
bottlenecks, moving neurodevelopmental care
toward targeted, evidence-based
personalization.*°

Al in Long-Term Care and Monitoring

Long-term management of neurodevelopmental
disorders such as autism spectrum disorder (ASD)
and attention-deficit/hyperactivity ~ disorder
(ADHD) requires  sustained, individualized
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monitoring that extends well beyond initial
diagnosis. The integration of multi-omics data
with wearable biosensors, electronic health
records (EHRs) and digital phenotyping provides
an unprecedented opportunity to build dynamic
care models. Wearable devices can capture
continuous physiological data such as heart rate
variability, sleep architecture and movement
patterns, while digital platforms monitor social
interactions, speech and attention through
passive sensing. When combined with genomic
and metabolomic information, these data streams
create a multidimensional profile of patient
trajectories.¥

Artificial intelligence systems are increasingly
being deployed to analyze these high-dimensional
datasets, allowing for Al neurodevelopment care
monitoring that surpasses traditional clinical
follow-up. Machine learning models can identify
subtle deviations in developmental progress,
predicting therapy response or risk of regression
months before such changes become clinically
observable. Importantly, Al tools enable outcome
quantification across diverse treatment
modalities, from pharmacological interventions to
behavioral therapies, thereby addressing the long-
standing challenge of objectively measuring
effectiveness in heterogeneous populations.*?

One of the most promising applications is the
development of adaptive interventions. Al
platforms can update individualized care plans in
real time, recommending therapy intensification,
nutritional modification or neuromodulation
adjustments based on continuously collected
data. Such adaptivity is crucial in pediatric
populations where developmental trajectories are
highly dynamic. Integration of omics-informed
risk stratification into EHR-linked monitoring
systems may help prioritize high-need patients
and optimize resource allocation.** Nevertheless,
implementation barriers persist. Data
interoperability across platforms remains limited,
privacy concerns are magnified in pediatric care
and disparities in access to digital health
infrastructure risk widening inequities. Despite
these obstacles, the convergence of digital health
autism management, long-term ADHD Al
monitoring and multi-omics integration positions
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Al as a transformative tool in sustaining
individualized neurodevelopmental care

throughout the lifespan.
Ethical, Legal and Social Implications

The application of Al and multi-omics in
neurodevelopmental disorders raises profound
ethical, legal and social questions. Central among
these is data privacy and security. Multi-omics
datasets, when integrated with electronic health
records, imaging and digital phenotyping, create
highly identifiable patient profiles. Breaches of
such information could expose not only medical
vulnerabilities but also sensitive behavioral traits,
making multi-omics privacy in neurodevelopment
a critical safeguard for familiesEncryption, the use
of federated learning platforms to enable analysis
without centralizing sensitive data, and
differential privacy are being explored, yet their
effectiveness in pediatric research and long-term
monitoring is still uncertain.44 Equity in access
and algorithmic bias present additional concerns.
Al models trained on predominantly Western,
high-income population datasets may fail to
generalize across diverse genetic and social
groups, perpetuating disparities in autism or
ADHD diagnosis. Without deliberate inclusion of
underrepresented populations, predictive models
risk  reinforcing  structural inequities in
healthcare.45 Strategies to mitigate this, such as
the secure integration of globally diverse datasets
via federated learning, are essential to ensure
model robustness and fairness.*®

From a family and societal perspective, predictive
diagnostics carry psychosocial implications. Early
identification of autism spectrum disorder or
fragile X variants may empower parents to seek
intervention, but it also raises anxiety, stigma and
potential misuse of information by insurers or
educational institutions. The ethical challenges of
Al autism diagnosis extend beyond accuracy,
demanding attention to how families interpret
and act on probabilistic risk information.*®
Regulatory frameworks have struggled to keep
pace. While agencies such as the FDA and EMA are
developing pathways for adaptive Al in healthcare,
there is no consensus on standards for pediatric
applications where predictive tools intersect with
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long-term care. Policymakers must balance
innovation with oversight, ensuring transparency,
explainability and accountability in algorithmic
decisions. Addressing Al ethics in healthcare
requires multi-stakeholder collaboration,
integrating technical safeguards with social
dialogue. Without such measures, the promise of
Al-driven neurodevelopmental care risks being

undermined by ethical fragility*’

Al and Multi-Omics in Neurodevelopmental Disorders
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Future Directions and Research Gaps

Despite rapid progress, significant challenges
remain before Al-driven multi-omics integration
can be fully realized in neurodevelopmental
disorders (NDDs). A pressing technical frontier lies
in the implementation of federated learning and
decentralized Al, which allow multi-center data
sharing without compromising privacy. The
explicit adoption of such platforms is crucial to
securely combine data across institutions,
mitigating statistical bias and ensuring model
robustness across global populations. Current
research in NDDs is limited by fragmented
datasets, often confined to single institutions or
narrowly defined cohorts. Federated models could
enable large-scale training across international

sites, mitigating bias and enhancing

19 of 24

generalizability while maintaining strict data
governance.?

Another gap is the scarcity of longitudinal multi-
omics datasets. Most existing studies are cross-
sectional, capturing only a static snapshot of
genetic, transcriptomic or metabolic profiles.
Neurodevelopment, however, unfolds dynamically
across childhood and adolescence. Without time-
series data, it is difficult to model trajectories of
risk, resilience and therapeutic response. There is
a critical need for the establishment of
longitudinal biobanks to track omics profiles over
time. Establishing long-term, population-based
biobanks will be essential for predictive accuracy
and for the independent validation of predictive
models.*® Future progress also hinges on cross-
disciplinary collaboration. Neuroscientists,
bioinformaticians and clinicians must work
alongside ethicists and data scientists to bridge
technical discoveries with clinical translation.
Current pipelines too often stall at proof-of-
concept failing to deliver tools that can be
deployed in pediatric clinics or community
settings. Translating laboratory findings into
actionable interventions remains a central
bottleneck*® Finally, a forward-looking agenda
requires attention to scalability, regulatory
harmonization and equitable access. A key
priority must be a paradigm shift in Al
development from a sole focus on predictive
accuracy to a mandatory demonstration of
explainability (XAl), elucidating the biological why
behind predictions. Without deliberate strategies,
the future of Al in neurodevelopment risks
advancing innovation for a select few, rather than
addressing global needs. By identifying multi-
omics research gaps and fostering Al
neuroscience innovation, the field can move from
theoretical promise to transformative clinical
reality.>®

Conclusion

The integration of Al and multi-omics is reshaping
the landscape of neurodevelopmental disorders
(NDDs) and it is offering unprecedented
opportunities for earlier diagnosis, more precise
stratification and continuous care across the
lifespan. Genomic, transcriptomic, proteomic,
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metabolomic and epigenomic insights when
linked with behavioral and digital health data,
provide a systems-level view that surpasses
conventional diagnostic approaches. Al methods
capable of handling such complexity are driving a
shift toward multi-omics personalized medicine
where interventions can be tailored to the unique
biological and developmental profiles of each
patient.

The promise extends beyond detection to lifelong
Al neurodevelopment care. Adaptive monitoring
platforms, integrating omics with wearable
sensors and electronic health records, allow
dynamic adjustments in therapy while creating
feedback-driven care models that evolve alongside
the individual. Such innovations, however, demand
rigorous independent validation, equitable
deployment and strong ethical governance to
prevent bias, safeguard privacy and ensure
societal trust. The field now faces a decisive
juncture: without cross-disciplinary collaboration
and clinical translation, progress risks remaining
confined to academic silos. The path forward
requires a commitment to explainable Al (XAl),
federated learning for diverse data integration,
and longitudinal biobanking to validate models
over time. Future of Al in healthcare lies not only
in technical capability but in the willingness to
integrate neuroscience, bioinformatics, clinical
medicine and regulatory oversight. With these
foundations, Al-driven multi-omics can move from
conceptual potential to transformative practice in
neurodevelopmental care.

References

1. World Health Organization: WHO. Autism
[Internet]. 2023. Available from:
https://www.who.int/news-room/fact-
sheets/detail/autism-spectrum-disorders

2. Data and statistics on autism spectrum
disorder [Internet]. Autism Spectrum
Disorder (ASD). 2025. Available from:
https://www.cdc.gov/autism/data-
research/index.html

3. Wikipedia contributors. Adult attention
deficit hyperactivity disorder [Internet].
Wikipedia.  2025.  Available  from:

20 of 24

https://en.wikipedia.org/wiki/Adult_atten
tion_deficit_hyperactivity_disorder

Data and statistics on ADHD [Internet].
Attention-Deficit / Hyperactivity Disorder
(ADHD). 2024. Available from:
https://www.cdc.gov/adhd/data/index.ht
ml

Yang F, Chen R, Xiong J, Liu B. Disease
Burden of Autism Spectrum Disorder and
Attention - Deficit/Hyperactivity Disorder
in the 0-14 Age Group across 204
Countries and Regions from 1990 To 2021.
Child Psychiatry & Human Development
[Internet]. 2025 Jul 11; Available from:
https://pubmed.ncbi.nlm.nih.gov/406437
44/

Santomauro DF, Erskine HE, Herrera
AMM, Miller PA, Shadid ], Hagins H, et al.
The global epidemiology and health

burden of the autism spectrum: findings
from the Global Burden of Disease Study
2021. The Lancet Psychiatry [Internet].
2024 Dec 1 Available from:
https://pmc.ncbi.nim.nih.gov/articles/PM
C11750762/

Kang L, LiuJ, Liu Y, Liang W, Yang F, Liu M.
Global, regional and national disease
burden of autism spectrum disorder
among children under 5 years from 1990
to 2019: An analysis for the Global Burden
of Disease 2019 Study. Asian Journal of
Psychiatry [Internet]. 2022 Nov
26;79:103359. Available from:
https://www.researchgate.net/publicatio
n/365779847_Global_regional_and_nation
al_disease_burden_of_autism_spectrum_
disorder_among_children_under_5_years
_from_1990_to_2019_an_analysis_for_the
_Global_Burden_of_Disease_2019_Study
Cortese S, Song M, Farhat LC, Yon DK, Lee
SW, Kim MS, et al. Incidence, prevalence
and global burden of ADHD from 1990 to
2019 across 204 countries: data with
critical re-analysis, from the Global
Burden of Disease study. Molecular
Psychiatry [Internet]. 2023 Sep
8:28(11):4823-30. Available from:
https://pubmed.ncbi.nlm.nih.gov/376843
22/

International Journal of Rehabilitation and Disability Studies (eISSN:)

https://doi.org/10.54878/yrp30g15

https.//www.emiratesscholar.com/publications



https://www.emiratesscholar.com/publications
https://doi.org/10.54878/yrp30g15
https://pubmed.ncbi.nlm.nih.gov/40643744/
https://pubmed.ncbi.nlm.nih.gov/40643744/

10.

.

12.

13.

14.

Salari N, Rasoulpoor S, Rasoulpoor S,
Shohaimi S, Jafarpour S, Abdoli N, et al.
The global
spectrum disorder: a comprehensive

prevalence of autism
systematic review and meta-analysis. [the

(ltalian Journal of Pediatrics/Italian
Journal of Pediatrics [Internet]. 2022 Jul
8:48(1).
https://ijponline.biomedcentral.com/arti
cles/10.1186/513052-022-01310-w

Van 't Hof M, Tisseur C, Van Berckelear-

Available from:

Onnes I, Van Nieuwenhuyzen A, Daniels
AM, Deen M, et al. Age at autism
spectrum disorder  diagnosis: A
systematic review and meta-analysis
from 2012 to 2019. Autism [Internet].
2020 Nov 19;25(4):862-73. Available from:
https://pubmed.ncbi.nim.nih.gov/332131
90/

Digital subscriptions | Subscribe to The
Times of London [Internet]. The Times &
the Sunday Times - International Shop.
2025. Available from:
https://globalstore.thetimes.com/
Borrett A. Almost 2.5mn people in
England estimated to have ADHD.
Financial Times [Internet]. 2025 May 29;
Available from:
https://www.ft.com/content/a620597a-
d36f-4fd2-9941-41784f807eb4

Kentrou V, De Veld DM, Mataw K], Begeer
S. Delayed autism spectrum disorder
recognition in children and adolescents
previously diagnosed with attention-
deficit/hyperactivity disorder. Autism
[Internet]. 2018 Sep 24;23(4):1065-72.
Available from:
https://journals.sagepub.com/doi/full/10.
1177/1362361318785171

Siegel [}, Vaithilingam SL, Hartig MM,
Patty EC, Mantsch LE, Garrison SR.
Diagnostic Delays in Rare Genetic
Disorders with Neuropsychiatric
manifestations: A Systematic Review.
European Journal of Medical Genetics
[Internet]. 2025 Apr 1;105016. Available
from:
https://pubmed.ncbi.nlm.nih.gov/402529

94/

15.

16.

17.

18.

19.

20.

210f 24

LaBianca S, LaBianca ], Pagsberg AK,
Jakobsen KD, Appadurai V, Buil A, et al.
Copy number variants and polygenic risk
scores predict need of care in autism
and/or ADHD families. Journal of Autism
and Developmental Disorders [Internet].
2020 May 27;51(1):276-85. Available from:
https://pubmed.ncbi.nim.nih.gov/324624
56/

Li JJ, He Q, Dorn S, Wang Z, Lu Q.
Enhancing the discriminatory power of
polygenic scores for ADHD and autism in
clinical and non-clinical samples. Journal
of Neurodevelopmental Disorders
[Internet]. 2025 Jun 9:17(1). Available
from:
https://pubmed.ncbi.nlm.nih.gov/40490
728/

Kalin NH. Childhood- and
Neurodevelopment-Related  Psychiatric
Disorders. American Journal of Psychiatry
[Internet]. 2023 Jan 1;180(1):1-4. Available
from:
https://psychiatryonline.org/doi/10.1176/
appi.ajp.20220952

Ferrari E, Retico A, Cellerino A, Bacciu D.
Convergent transcriptomic and

neuroimaging signature of Autism
Spectrum Disorder [Internet]. arXiv.org.
2025. Available from:
https://arxiv.org/abs/2505.23776

Fatemi SH, Eschenlauer A, Aman J, Folsom
TD, Chekouo T. Quantitative proteomics
of dorsolateral prefrontal cortex reveals
an early pattern of synaptic
dysmaturation in children with idiopathic
autism. Cerebral Cortex [Internet]. 2024
May 1,34(13):161-71.  Available from:
https://pubmed.ncbi.nlm.nih.gov/386965
95/

Ristori MV, Mortera SL, Marzano V,
Guerrera S, Vernocchi P, laniro G, et al.
Proteomics and Metabolomics
Approaches towards a Functional Insight
onto AUTISM

Phenotype Stratification and Biomarker

Spectrum  Disorders:

Discovery. International Journal of

Molecular Sciences [Internet]. 2020 Aug

30;21(17):6274. Available from:

International Journal of Rehabilitation and Disability Studies (eISSN:)
https://doi.org/10.54878/yrp30g15

https.//www.emiratesscholar.com/publications



https://www.emiratesscholar.com/publications
https://doi.org/10.54878/yrp30g15

21.

22.

23.

24.

25.

26.

27.

https://pmc.ncbi.nim.nih.gov/articles/PM
C7504551

Liu W, Li L, Xia X, Zhou X, Du Y, Yin Z, et al.
Integration of wurine proteomic and
metabolomic profiling reveals novel
insights into  neuroinflammation in
autism spectrum disorder. Frontiers in
Psychiatry [Internet]. 2022 May 9:13.
Available from:
https://pubmed.ncbi.nlm.nih.gov/356154
51/

Mani S, Lalani SR, Pammi M. Genomics
and multiomics in the age of precision
medicine. Pediatric Research [Internet].
2025 Apr 4, Available from:
https://pubmed.ncbi.nlm.nih.gov/401858
65/

Yetgin A. Revolutionizing multi-omics
analysis with artificial intelligence and
data processing. Quantitative Biology
[Internet]. 2025 Apr 7:13(3). Available
from:
https://onlinelibrary.wiley.com/doi/full/1
0.1002/qub2.70002

Zhang X, Xing Y, Sun K, Guo Y. OMiEmbed:
a unified Multi-Task deep learning
framework for Multi-Omics data. Cancers
[Internet]. 2021 Jun 18;13(12):3047.
Available from:
https://arxiv.org/abs/2102.02669

Zhang 'V, Jin H, Tong ], Gan H, Tao F, Zhu Y.
Integration of multi-omics and
crowdsourcing assessment of placenta-
brain axis biomarkers for predicting
neurodevelopmental disorders. Journal of
Affective Disorders [Internet]. 2025 Jun
1,119732. Available from:
https://pubmed.ncbi.nlm.nih.gov/40544
887/

Bahado-Singh RO, Vishweswaraiah S,
Aydas B, Radhakrishna U. Placental DNA
methylation changes and the early
prediction of autism in full-term
newborns. PLoS ONE [Internet]. 2021 Jul
14,16(7):€0253340. Available from:
https://pubmed.ncbi.nim.nih.gov/342606
16/

Nahas LD, Datta A, Alsamman AM, Adly
MH, Al-Dewik N, Sekaran K, et al. Genomic
insights and advanced machine learning:

28.

29.

30.

31

32.

22 of 24

characterizing autism spectrum disorder
biomarkers and genetic interactions.
Metabolic Brain Disease [Internet]. 2023
Dec 28;39(1):29-42. Available from:
https.//link.springer.com/article/10.1007/
s11011-023-01322-3

LiuJ, Mao ], Lin H, Kuang H, Pan S, Wu X, et
al.  Multi-modal

multi-kernel  graph
learning for autism prediction and
biomarker discovery
arXiv.org. 2023. Available from:
https.//arxiv.org/abs/2303.03388

Tang H, Liang |, Chai K, Gu H, Ye W, Cao P,
Artificial
bioinformatics

[Internet].

et al intelligence  and

analyze markers of

children’s transcriptional genome to

predict autism spectrum disorder.
Frontiers in Neurology [Internet]. 2023 Jul
17,14. Available from:

https://pubmed.ncbi.nlm.nih.gov/375288
52/

Bahado-Singh RO, Vishweswaraiah S,
Aydas B, Radhakrishna U. Artificial
intelligence and placental DNA
methylation: newborn prediction and

molecular mechanisms of autism in
children. The
Maternal-Fetal & Neonatal Medicine
[Internet]. 2021 Aug 17;35(25):8150-9.
Available from:
https://pubmed.ncbi.nim.nih.gov/34404
318/

Courraud ], Ernst M, Laursen SS, Hougaard

preterm Journal of

DM, Cohen AS. Studying autism using
untargeted metabolomics in newborn
screening samples. Journal of Molecular
Neuroscience [Internet]. 2021 Jan
30:;71(7):1378-93. Available from:
https./link.springer.com/article/10.1007/
s12031-020-01787-2

Ashenden A], Chowdhury A, Anastasi LT,
Lam K, Rozek T, Ranieri E, et al. The Multi-
Omic Approach to Newborn Screening:

Opportunities and challenges.

International  Journal of Neonatal
Screening [Internet]. 2024 Jun
21,10(3):42. Available from:
https://pubmed.ncbi.nlm.nih.gov/390513

98/

International Journal of Rehabilitation and Disability Studies (eISSN:)

https://doi.org/10.54878/yrp30g15

https.//www.emiratesscholar.com/publications



https://www.emiratesscholar.com/publications
https://doi.org/10.54878/yrp30g15
https://link.springer.com/article/10.1007/s11011-023-01322-3?utm_source=chatgpt.com
https://link.springer.com/article/10.1007/s11011-023-01322-3?utm_source=chatgpt.com
https://pubmed.ncbi.nlm.nih.gov/37528852/
https://pubmed.ncbi.nlm.nih.gov/37528852/
https://link.springer.com/article/10.1007/s12031-020-01787-2?utm_source=chatgpt.com
https://link.springer.com/article/10.1007/s12031-020-01787-2?utm_source=chatgpt.com

33.

34.

35.

36.

37.

38.

Ben-Sasson A, Guedalia |, Nativ L, llan K,
Shaham M, Gabis LV. A Prediction Model
of Autism Spectrum Diagnosis from Well-
Baby Electronic Data Using Machine
Learning. Children [Internet]. 2024 Apr
3;11(4):429. Available from:
https://pubmed.ncbi.nlm.nih.gov/386716
47/

Infants' health record data may improve

early autism screening [Internet].
National Institute of Mental Health
(NIMH). 2023.
https://www.nimh.nih.gov/news/science-
updates/2023/infants-health-record-

data-may-improve-early-autism-

Available from:

screening

Perochon S, Di Martino JM, Carpenter KLH,
Compton S, Davis N, Eichner B, et al. Early
detection of autism using digital
behavioral phenotyping. Nature Medicine
[Internet]. 2023 Oct 1,29(10):2489-97.
Available from:
https://pubmed.ncbi.nlm.nih.gov/377839
67/

Gkintoni E, Panagioti M, Vassilopoulos SP,
Nikolaou G, Boutsinas B, Vantarakis A.
Leveraging  Al-Driven  Neuroimaging
Biomarkers for early detection and social

function prediction in autism Spectrum

Disorders: A Systematic review.
Healthcare [Internet]. 2025 Jul
22.13(15):1776. Available from:

https://pubmed.ncbi.nlm.nih.gov/40805
809/

Mesleh AG, Abdulla SA, El-Agnaf O. Paving
the Way toward Personalized Medicine:
Current Advances and Challenges in
Multi-OMICS
Spectrum Disorder for

Approach in  Autism
Biomarkers
Discovery and Patient Stratification.
Journal of Personalized Medicine
[Internet]. 2021 Jan 13;11(1):41. Available
from:
https://pubmed.ncbi.nim.nih.gov/33450
950/

Zhuang H, Liang Z, Ma G, Qureshi A, Ran X,
Feng C, et al. Autism spectrum disorder:
pathogenesis, biomarker and
intervention therapy. MedComm

[Internet]. 2024 Mar 1;5(3). Available

39.

40.

41.

42.

43.

44.

23 of 24

from:
https://pmc.ncbi.nim.nih.gov/articles/PM
C10908366/

Zack M, Stupichev DN, Moore A,
Slobodchikov ID, Sokolov DG, Trifonov IF,
et al. Al and
Pharmacogenomics: A New Era of

Multi-Omics  in
Precision Medicine. Mayo Clinic
Proceedings Digital Health [Internet].
2025 Jun 26;3(3):100246. Available from:
https://pmc.ncbi.nim.nih.gov/articles/PM
C12381589/

Ali SS, Li Q, Agrawal PB. Implementation
of multi-omics in diagnosis of pediatric
rare  diseases. Pediatric  Research
[Internet]. 2024 Nov 19; Available from:
https://pmc.ncbi.nim.nih.gov/articles/PM
C12106075/

Scandurra V, Gialloreti LE, Barbanera F,
Scordo MR,
Neurodevelopmental

Pierini A, Canitano R.
Disorders  and
Adaptive Functions: A study of children
with autism spectrum Disorders (ASD)
Deficit and
Hyperactivity Disorder (ADHD). Frontiers
in Psychiatry [Internet]. 2019 Sep 4;10.
Available from:

and/or attention

https://pmc.ncbi.nim.nih.gov/articles/PM
C6737073/

Boini A, Grasso V, Taher H, Gumbs AA.
Artificial intelligence and the impact of
multiomics on the reporting of case
reports. World Journal of Clinical Cases
[Internet]. 2025 Jan 21;13(15). Available
from:
https://pmc.ncbi.nlm.nih.gov/articles/PM
C11755212/

Srivastava R. Applications of artificial
intelligence multiomics in precision
oncology. Journal of Cancer Research and
Clinical Oncology [Internet]. 2022 Jul
7:149(1):503-10. Available from:
https://pubmed.ncbi.nlm.nih.gov/357967
75/
Pammi M, Aghaeepour N, Neu |J.
Multiomics, artificial intelligence and
precision medicine in perinatology.
Pediatric Research [Internet]. 2022 Jul
8:93(2):308-15.
https.//www.researchgate.net/publicatio

Available from:

International Journal of Rehabilitation and Disability Studies (eISSN:)
https://doi.org/10.54878/yrp30g15

https.//www.emiratesscholar.com/publications



https://www.emiratesscholar.com/publications
https://doi.org/10.54878/yrp30g15
https://pubmed.ncbi.nlm.nih.gov/38671647/
https://pubmed.ncbi.nlm.nih.gov/38671647/

24 of 24

n/361849228_Multiomics_artificial_intelli Available from:
gence_and_precision_medicine_in_perina https://jpa.xjtu.edu.cn/article/doi/10.101
tology 6/j.jpha.2023.06.011

45. Joseph J. Algorithmic bias in public health
Al: a silent threat to equity in low-
resource settings. Frontiers in Public
Health [Internet]. 2025 Jul 23;13. Available
from:
https://pmc.ncbi.nim.nih.gov/articles/PM
C12325396/

46. Cross JL, Choma MA, Onofrey JA. Bias in
medical Al: Implications for clinical
decision-making. PLOS Digital Health
[Internet]. 2024 Nov 7;3(11):e0000651.
Available from:
https://pmc.ncbi.nim.nih.gov/articles/PM
C11542778/

47. Warraich HJ, Tazbaz T, Califf RM. FDA
perspective on the regulation of artificial
intelligence in  health care and
biomedicine. JAMA [Internet]. 2024 Oct
15; Available from:
https://www.researchgate.net/publicatio
n/384939469_FDA_Perspective_on_the_R
egulation_of_Artificial_Intelligence_in_He
alth_Care_and_Biomedicine

48. Drouard G, Hagenbeek FA, Whipp A, Pool
R, Hottenga]), Jansen R, et al. Longitudinal
multi-omics study reveals common
etiology underlying association between
plasma proteome and BMI trajectories in
adolescent and young adult twins.
medRxiv (Cold Spring Harbor Laboratory)
[Internet]. 2023 Jul 1; Available from:
https://pmc.ncbi.nim.nih.gov/articles/PM
C10327285/

49. Crowther LM, Poms M, Plecko B.
Multiomics tools for the diagnosis and
treatment of rare neurological disease.
Journal of Inherited Metabolic Disease
[Internet]. 2018 Mar 13;41(3):425-34.
Available from:
https://pmc.ncbi.nim.nih.gov/articles/PM
C5959950/

50. O'Connor LM, O'Connor BA, Lim SB, Zeng |,
Lo CH. Integrative multi-omics and
systems bioinformatics in translational
neuroscience: A data mining perspective.
Journal of Pharmaceutical Analysis
[Internet]. 2023 Jul 1;13(8):836-50.

International Journal of Rehabilitation and Disability Studies (eISSN:) https.//www.emiratesscholar.com/publications
https://doi.org/10.54878/yrp30g15



https://www.emiratesscholar.com/publications
https://doi.org/10.54878/yrp30g15

