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ABSTRACT:

Speech and hearing disorders associated with neurological and metabolic diseases represent an expanding global healthcare
challenge with significant social, cognitive, and psychological implications. Recent developments in artificial intelligence
(Al), nanotherapeutics, phytomedicine, precision drug delivery systems, and neuroprotective interventions have
transformed the diagnostic and therapeutic landscape of audiology and speech-language pathology. Al-assisted predictive
analytics, machine learning algorithms, digital therapeutics, and personalized rehabilitation platforms are enabling early
diagnosis and optimized patient-centered care. Simultaneously, nano-enabled drug delivery systems, phytoconstituent-
based therapeutics, and neuroprotective bioactives are demonstrating considerable potential in managing neurodegenerative
and metabolic complications affecting auditory and speech functions. This review comprehensively discusses recent
advances in Al-driven healthcare technologies, pharmaceutical nanotechnology, neuroprotective interventions, and
precision therapeutics relevant to speech and hearing disorders linked with neurological and metabolic diseases.
Additionally, translational challenges, ethical concerns, regulatory perspectives, and future interdisciplinary research
opportunities are critically analyzed.
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1. INTRODUCTION:

Speech and hearing disorders constitute major public
health concerns worldwide and are increasingly
associated with neurological, inflammatory, vascular, and
metabolic abnormalities. Neurodegenerative diseases

Metabolic disorders including diabetes mellitus, obesity,
nonalcoholic fatty liver disease (NAFLD), hypertension,
chronic kidney disease, and hepatic dysfunction are also
strongly associated with neurovascular injury and
auditory dysfunction [4-7]. Chronic inflammation,

such as Parkinson’s disease, Alzheimer’s disease, autism
spectrum disorder (ASD), attention deficit hyperactivity
disorder (ADHD), stroke, neuropathic disorders, and
epilepsy frequently present with impairments in speech,
cognition,  auditory  processing, and language
development [1-3].

oxidative stress, mitochondrial dysfunction, endothelial
damage, and impaired neuronal signaling are common
mechanisms contributing to speech and hearing
abnormalities in these conditions. Conventional
therapeutic approaches often demonstrate limited efficacy
because of poor drug penetration across biological
barriers, systemic adverse effects, inadequate patient
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compliance, and delayed diagnosis. Consequently,
advances in artificial intelligence (Al), machine learning,
nanotechnology, phytopharmaceuticals, and precision

drug delivery systems are emerging as transformative

strategies for improving diagnosis,
treatment outcomes [8]. Fig-1
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FigNo.1: Interventions for Speech and Hearing Disorders

2. Artificial Intelligence in Speech and Hearing
Healthcare:

Artificial intelligence has revolutionized healthcare
diagnostics, disease prediction, therapeutic optimization,
and patient management [9]. Al algorithms are
increasingly utilized in speech-language pathology and
audiology for real-time data analysis, automated
diagnosis, and personalized rehabilitation.

2.1 Al-Assisted Diagnostic Technologies:

Machine learning and deep learning systems are capable
of detecting subtle acoustic, phonetic, and cognitive
abnormalities associated with neurodegenerative diseases
[10]. Al-based diagnostic systems can evaluate:

Speech fluency and articulation

Voice frequency and pitch variations

Auditory processing behavior
Cognitive-linguistic patterns

Hearing aid performance

Neurocognitive deterioration biomarkers

Voice biomarker analysis is gaining importance in early
detection of Parkinsonism, Alzheimer’s disease, diabetic
neuropathy, and autism-related speech impairments [11].

2.2 Al in Pharmaceutical Research and Precision
Medicine:

Al-assisted pharmaceutical research accelerates drug
discovery, formulation optimization, computational
modeling, and personalized therapeutics. Computational
intelligence has facilitated in silico drug design for cancer
therapeutics and receptor-targeted interventions.
Al-based immunotherapy prediction systems are also
improving prognosis prediction and personalized
oncology therapeutics].  Similarly, Al-integrated
healthcare scheduling systems enhance healthcare
accessibility and clinical workflow optimization.

2.3 Digital Therapeutics and Tele-Audiology:
Digital therapeutics supported by Al enable remote
speech rehabilitation, adaptive cognitive training, tele-
audiology services, and personalized auditory therapy
[12]. Such technologies are particularly beneficial for
elderly patients, pediatric neurodevelopmental disorders,
and rural healthcare populations.
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3. Nanotherapeutics and Advanced Drug Delivery
Systems:

Nanotechnology-based therapeutics have emerged as
highly promising approaches for overcoming limitations
of conventional therapies [13]. Nanocarriers enhance
drug stability, bioavailability, tissue targeting, and
controlled release.

3.1 Controlled and Sustained Drug Delivery
Systems:

Advanced pharmaceutical formulations such as
sustained-release tablets, delayed-release systems,
sublingual formulations, phospholipid complexes, and
matrix tablets significantly improve therapeutic efficacy
and patient compliance [14].

Matrix-based  sustained-release  systems facilitate
prolonged therapeutic action and minimize dose
frequency [15]. Delayed-release and sublingual
formulations improve rapid absorption and reduce first-
pass metabolism [17,18].

Taste masking technologies further improve acceptability
and adherence in pediatric and geriatric populations
requiring long-term neurological therapies [21].

3.2 Nanocarriers in Neurological and Auditory
Disorders:

Nanostructured drug carriers such as lipid nanoparticles,
polymeric nanoparticles, phytosomes, nanogels, and solid
lipid microparticles improve therapeutic penetration
across the blood-brain barrier and cochlear tissues
[16,19].

Solid lipid microparticles and semi-herbal nanogels
represent innovative approaches for targeted delivery and
enhanced therapeutic efficacy [22,23]. Nanotechnology-
based systems also facilitate controlled release of
antioxidants, neuroprotective agents, anti-inflammatory
compounds, and phytochemicals.

3.3 Personalized Nanomedicine and 3D Printing:
Personalized medicine has significantly evolved with the
development of 3D-printed pharmaceutical formulations.
QbD-assisted pregabalin formulations for neuropathic
pain management represent important advances in
individualized therapeutics [24].

Personalized nanoformulations may offer substantial
advantages in managing neurodegenerative disorders
associated with hearing loss and speech dysfunction.

4. Neuroprotective and Phytopharmaceutical
Interventions:

Neuroprotection is central to preserving auditory neurons,
cognitive pathways, and speech-related brain functions.

4.1 Oxidative Stress and Neuroinflammation:

Oxidative stress and chronic inflammation are key
contributors to neuronal degeneration and auditory
dysfunction. Bioflavonoids, phytoconstituents, and
natural antioxidants demonstrate promising
neuroprotective  effects through  modulation  of
inflammatory signaling pathways.

Studies  investigating  hepatotoxicity, = metabolic
dysfunction, and inflammatory disorders further
emphasize the role of oxidative injury in systemic
neurological impairment [25,26].

4.2 Phytoconstituents and Phyto-Nanomedicine:
Phytochemicals possess antioxidant, anti-inflammatory,
antimicrobial, and neuroprotective properties. Advanced
extraction technologies are improving identification,
purification, and standardization of therapeutic
phytoconstituents [27].

Phyto-nanomedicine combines nanotechnology with
herbal therapeutics to improve bioavailability, targeted
delivery, and neuroprotective efficacy [19]. Pentacyclic
triterpenoids and marine bioactives have demonstrated
promising applications in neurodevelopmental and
neurodegenerative disorders [28,29].

4.3 Marine Bioactives and Neurodevelopmental
Disorders:

Marine-derived neuroprotective compounds exhibit anti-
inflammatory, antioxidant, and cognitive-enhancing
effects. Such compounds may improve behavioral,
cognitive, and speech abnormalities associated with
ADHD, autism spectrum disorders, and
neurodevelopmental conditions.

5. Metabolic__Diseases _and _Speech-Hearing
Dysfunction:

Metabolic diseases are increasingly recognized as major
contributors to neurological and auditory impairments.

5.1 Diabetes Mellitus and Auditory Dysfunction:
Diabetes-induced neuropathy, vascular damage, and
oxidative stress contribute significantly to hearing loss
and cognitive-linguistic dysfunction [1,4]. Bioflavonoid-
based interventions modulating MMP-9/TIMP-1, TGF-8,
and GLUT-4 pathways demonstrate promising
neuroprotective potential.

Monoclonal antibody therapies targeting metabolic
inflammation may also contribute to future
neuroprotective strategies [30].

5.2  Liver
Dysfunction:
NAFLD, alcoholic liver disease, and hepatic dysfunction
are associated with neuroinflammation, cognitive decline,
and auditory abnormalities [31]. Fructose-induced

Disease and  Neurocognitive

MISJ-IIMRAAS (January — April 2026)

Page | 24



metabolic  dysfunction  contributes to  systemic
inflammation and neurovascular injury.

Dietary interventions and natural hepatoprotective agents
may therefore indirectly support neurological and
auditory health.

5.3 Hypertension and Chronic Kidney Disease:
Hypertension and chronic kidney disease impair cerebral
microcirculation and neuronal signaling. Emerging
evidence suggests that vascular dysfunction significantly
contributes to age-related hearing loss and speech
impairment.

Combination antihypertensive therapies and optimized
cardiovascular management may reduce
neurodegenerative progression [32].

6. Oncology, Neurotoxicity, and Computational
Therapeutics:

Cancer therapies frequently induce neurotoxicity,
cognitive dysfunction, and auditory complications. Al-
driven computational therapeutics and targeted drug
delivery systems are improving precision oncology
approaches.

Novel imatinib  derivatives, EGFR inhibitors,
radiopharmaceuticals, and Al-assisted immunotherapy
prediction systems are contributing to safer and more
effective cancer treatment strategies [33-34].
Radiopharmaceutical imaging technologies also improve
neuro-oncological diagnosis and monitoring [35].

7. Clinical Translation and Ethical Challenges:
Despite significant advancements, several translational
barriers remain:
¢ Regulatory limitations
High development costs
Limited large-scale clinical trials
Al algorithm bias
Data privacy concerns
Standardization challenges
Interdisciplinary implementation gaps

Ethical concerns regarding Al-driven healthcare systems
include transparency, accountability, informed consent,
and equitable healthcare access [12].

Robust multicenter  validation studies and
interdisciplinary collaborations are essential for future
clinical implementation.

8. Future Perspectives:

Future research should focus on:
Al-assisted precision audiology
Smart nanocarrier systems
Brain-computer interfaces
Wearable neurodiagnostic devices

Al-guided drug repurposing
Personalized neurotherapeutics
Digital biomarkers for speech disorders
Multi-omics integration
Advanced phyto-nanomedicine

e Regenerative neuropharmacology
Collaborative integration of computational intelligence,
pharmaceutical nanotechnology, audiology, neurology,
and speech-language pathology will play a critical role in
next-generation healthcare systems.

9. CONCLUSION:

Artificial intelligence, nanotherapeutics, and
neuroprotective interventions are transforming the
management of speech and hearing disorders associated
with neurological and metabolic diseases. Al-based
diagnostics, personalized rehabilitation platforms, and
computational therapeutics provide unprecedented
opportunities for early detection and precision treatment.
Concurrently, nanotechnology-enabled drug delivery
systems, phytomedicine, marine bioactives, and
neuroprotective interventions demonstrate significant
therapeutic potential for neurodegenerative and metabolic
auditory disorders.

Future interdisciplinary research integrating
computational intelligence, pharmaceutical sciences,
audiology, neurology, and precision medicine is expected
to significantly improve clinical outcomes and quality of
life in affected individuals.

Limitations:

Limited availability of human clinical evidence
Heterogeneity among published studies

Lack of long-term clinical validation
Regulatory uncertainty

Al algorithm bias
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