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Abstract

The integration of artificial intelligence (A1) and machine learning (ML) into healthcare has created novel
opportunities to address complex public health challenges, particularly obesity and mental health disorders.
These circumstances are multifactorial and require individualized, comprehensive management strategies.
This paper synthesizes current evidence on Al applications across obesity and mental health domains,
highlighting their roles in early detection, predictive modeling, personalized treatment, and continuous
monitoring. Al-powered interventions, including digital therapeutics, mobile health applications, wearable
devices, and conversational agents, have demonstrated strong potential for enhancing engagement, precision,
and scalability of care. Clinical trial data and systematic reviews provide evidence of effectiveness, with Al
models often outperforming traditional approaches in predictive accuracy. Nonetheless, significant
limitations persist, including data heterogeneity, limited long-term evidence, algorithmic bias, and challenges
in clinical integration. Ethical concerns around privacy, equity, and transparency remain critical
considerations. Emerging trends such as explainable AI, multimodal models, and precision healthcare signal
important directions for future development. This review emphasizes the transformative potential of Al in
obesity and mental health management while underscoring the need for longitudinal studies, robust ethical
frameworks, and equitable implementation strategies to realize its full promise.
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Introduction

The integration of artificial intelligence (AI) and
machine learning (ML) technologies into healthcare
has emerged as a promising approach to address
two of the most pressing public health challenges:
obesity and mental health disorders. Both
conditions represent complex, multifactorial health
issues that require personalized, comprehensive
management strategies (Hinchliffe et al., 2022). Al
applications in these domains range from early
detection and risk prediction to personalized
treatment recommendations and continuous
monitoring systems(Kiruthika et al., 2024;
Veneziani et al., 2024).

The convergence of digital health technologies with
Al has created unprecedented opportunities to
enhance the quality, efficiency, and accessibility of
care for both obesity and mental health
conditions(Hinchliffe et al., 2022). This
comprehensive analysis examines the current state
of Al applications across these interconnected
health domains, evaluating their effectiveness,
limitations, and future potential.

Evidence Synthesis

Al Applications in Obesity Management and
Prevention

Predictive Modeling and Risk Assessment

Al technologies have demonstrated significant
potential in  obesity prediction and risk
stratification. Machine learning models utilizing
diverse data sources including genetic, epigenetic,
and clinical data have been developed to identify

individuals at risk for obesity (Azmi et al., 2025).
These predictive models have shown high accuracy
in identifying obesity-related risk factors, enabling
earlier and more targeted interventions (Welchen et
al., 2024).

Research has shown that Al presents high precision
in identifying risk factors for obesity, allowing for
more precocious and personalized interventions
(Welchen et al., 2024). The application of machine
learning and deep learning techniques in obesity
research includes risk prediction, early detection,
and individualization of treatment plans (Azmi et
al., 2025).

Digital Behavioral Phenotyping

A groundbreaking study demonstrated the use of
machine learning to identify digital behavioral
phenotypes that predict engagement and health
outcomes in obesity interventions. The research
found that 16 types of digital phenotypes, including
lower intake of high-calorie food and evening
snacks and higher interaction frequency with
mentors, predicted engagement rates with a mean
R? of 0.416. For weight change prediction, 13
different digital phenotypes were associated with
short-term outcomes (mean R? 0.382), while §
measures predicted long-term weight change (mean
R?0.590) (Kim et al., 2021).

Personalized Treatment Approaches

Al has facilitated the development of personalized
obesity management strategies. Machine learning
techniques have shown considerable efficacy in
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augmenting current therapeutic and preventive
approaches for childhood obesity. The intersection
of Al with conventional obesity management
practices presents a novel approach to fortify
interventions targeting pediatric obesity
(Alghalyini, 2023).

Digital therapeutics (DTx) powered by Al
technologies offer dynamic visual representations
of weight loss journeys and provide platforms for
real-time progress monitoring. These interventions
have received high scores in terms of usability,
effectiveness, predictiveness, personalization, user
satisfaction, and continuous usage adherence (Kim
etal., 2021).

Al Applications in Mental Health Diagnosis and
Treatment

Early Detection and Screening

Al technologies have revolutionized mental health
screening and early detection capabilities. Machine
learning algorithms can evaluate extensive volumes
of data, including social media posts and voice
patterns, to detect patterns and symptoms
associated with mental illness. This facilitates the
implementation of more focused interventions and
individualized treatment strategies (Shimada,
2023).

Sophisticated Al systems can analyze behavioral or
mental health insights extracted from an
individual's "digital exhaust" - data obtained from
personal digital devices and social media activities.
Natural language processing techniques enable the
statistical use of language as data to infer mental
health status (Kiruthika et al., 2024).

Diagnostic Support Systems

Al has shown significant promise in mental health
diagnosis through machine learning algorithms
trained with extensive datasets that enable accurate
and efficient classification and diagnosis of
different mental health conditions. These systems
can analyze patient information, past medical
results, and evidence-based guidelines to
recommend personalized treatments. Recent
developments include Al-powered conversational
agents and chatbots designed to provide initial
assessment, psychoeducation, and treatment,
thereby expanding access to mental health
services(Mittal et al., 2023). These tools offer
round-the-clock  assistance  to  individuals
experiencing acute distress or provide access to
therapy when waiting lists are extensive (Shimada,
2023).

Predictive Analytics for Mental Health

Al applications have demonstrated utility in
assessing risk and predicting cognitive decline in
patients with comorbid conditions. Research has

shown that Al and ML techniques can identify key
risk factors and predictive biomarkers, paving the
way for tailored prevention strategies and treatment
plans(Veneziani et al., 2024). Machine learning
approaches have been successfully applied to
predict various mental health outcomes, including
depression risk in specific populations (Zhang et
al., 2025).

Integration of Al in Digital Health Interventions
Mobile Health Applications

Al-enhanced mobile health applications have
become increasingly sophisticated in delivering
personalized interventions. These applications
leverage machine learning algorithms to deliver
customized content and adapt to user behavior
patterns. The integration of behavioral economics
principles, such as nudges and prompts, with Al
systems has shown promise in enhancing user
engagement with digital mental health interventions
(Van Mierlo et al., 2025).

Wearable Technology Integration

Al programs continue to advance care and
management through integration with wearable
devices equipped with sensors that collect physical
and behavioral data in real-time. Intelligent
algorithms analyze this data to detect early signs of
relapse or deterioration, allowing for timely
intervention and personalized care that ultimately
improves patient outcomes (Mittal et al., 2023).

Virtual Reality and Augmented Reality
Technologies such as virtual reality (VR) and
augmented reality (AR) combined with artificial
intelligence are collaborating to provide innovative
treatment approaches and improve patient
experience (Mittal et al., 2023). These immersive
technologies offer new possibilities for therapeutic
interventions in both obesity and mental health
contexts.

Current Challenges and Limitations

Data Quality and Technical Issues

Despite the promising potential of Al in healthcare,
several challenges persist. Data quality remains a
significant concern, as Al models vary in
effectiveness based on dataset type, research goals,
and model interpretability. Technical requirements
and the need for high-quality, representative
datasets  pose ongoing challenges for
implementation (Azmi et al., 2025).

Ethical Considerations

Ethical issues are of utmost importance in the
application of Al in healthcare. Key concerns
include privacy, bias, and accurate diagnosis. The
incorporation of ethical considerations throughout
the use of Al in mental healthcare is essential for
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successful integration (Shimada, 2023). Issues such
as data privacy and equitable access for all
populations require careful attention (Veneziani et
al., 2024).

Clinical Integration Challenges

The translation of Al research into clinical practice
faces several barriers. Healthcare professionals
need training and support to effectively integrate Al
tools into their workflows. Additionally, regulatory
frameworks and validation processes for Al-based
healthcare interventions require further
development (Welchen et al., 2024).

Future Directions and Emerging Trends
Explainable Al

The development of explainable Al is crucial for
facilitating acceptance by healthcare
professionals(Welchen et al., 2024). Future research
should focus on creating Al systems that provide
transparent, interpretable results that clinicians can
understand and trust.

Multimodal AI Systems

Emerging trends include the development of
multimodal Al models that can integrate multiple
types of data sources simultaneously (Azmi et al.,
2025). These systems show promise for providing
more comprehensive and accurate assessments of
both obesity and mental health conditions.

Precision Healthcare

Al offers promising advancements in obesity and
mental health management, enabling more
personalized and efficient care (Azmi et al., 2025).
The shift toward precision healthcare, supported by
Al  technologies, represents a  significant
opportunity to improve outcomes for individuals
with these complex conditions.

Evidence of Effectiveness from Clinical Studies
Clinical Trial Results

Several clinical studies have demonstrated the
effectiveness of Al-driven interventions. A
randomized controlled trial examining digital
cognitive behavioral therapy for obesity found that
higher engagement rates were associated with
greater weight loss at both 8 weeks (r=—0.59;
P<.001) and 24 weeks (r=0.52; P=.001) (Kim et
al., 2021).

Machine learning analysis successfully identified
important characteristics that predicted both
engagement and health outcomes, with lower self-
esteem on conventional phenotypes and higher in-
app motivational measures on digital phenotypes
commonly accounting for both engagement and
health outcomes (Kim et al., 2021).

Systematic Review Evidence

Systematic reviews have provided evidence
supporting the utility of Al and ML in assessing
risk and predicting outcomes in various health
conditions. The findings underscore the potential
for early detection, prevention, and personalized
interventions facilitated by these technologies to
significantly reduce costs and time (Veneziani et
al., 2024).

Research comparing Al models with conventional
statistical approaches found that the majority (82%)
of studies showed that Al models achieved higher
prediction accuracy on test data. However, some
studies revealed mixed results, indicating the high
contingency of model performance on the specific
dataset and task (Alghalyini, 2023).

Conclusion

The evidence demonstrates several key strengths of
Al applications in obesity and mental health.
Multiple studies show Al models consistently
outperforming traditional approaches in prediction
tasks. Al enables highly individualized
interventions based on digital behavioral
phenotypes. Digital Al-powered interventions can
reach large populations with minimal human
resources. Continuous data collection and analysis
enable proactive intervention strategies.

Limitations
Several limitations must be acknowledged.
Noteworthy variation in  methodologies,

populations, and outcome measures across studies.
Most studies focus on short-term outcomes with
limited follow-up periods. There are limited
evidences available on actual implementation and
sustainability of Al interventions. Concerns about
algorithmic bias and generalizability across diverse
populations.

Implications

Practical Applications

Current Al applications demonstrate practical
utility across multiple domains: Al systems assist
healthcare providers in identifying high-risk
patients and recommending personalized treatment
approaches. Mobile applications with Al
capabilities help individuals monitor their progress
and receive personalized feedback. Al enables
large-scale screening and risk stratification for
public health interventions.

Theoretical Implications

The integration of Al in obesity and mental health
care represents a paradigm shift toward moving
from intuition-based to evidence-based,
algorithmically-informed clinical decisions.
Emphasis on early detection and prevention rather
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than reactive treatment.  Highly personalized
interventions tailored to individual characteristics
and preferences.

Future Research Directions

Priority areas for future research include Long-term
effectiveness and sustainability of Al interventions.
Strategies for successful integration into healthcare
systems. Development of comprehensive ethical
guidelines for Al in healthcare. Ensuring Al
benefits reach underserved and marginalized
populations. The convergence of Al with obesity
and mental health care offers unprecedented
opportunities to transform healthcare delivery, but
realizing this potential requires continued research,
careful implementation, and ongoing attention to
ethical considerations.
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