© December 2024 | UIRT | Volume 11 Issue 7 | ISSN: 2349-6002

Analysis of Algorithms of Al Prediction on Mental
Health

Himanshu R.Dodiya?, Divya R. Solanki?, Mansi H. Chauhan® and Mukesh M. Patel*
1234 Atmiya University, Rajkot, Gujarat, India

Abstract— Avrtificial Intelligence (Al) has emerged as a
transformative tool in mental health diagnostics and
prediction, leveraging complex algorithms to process
vast datasets and provide insights into psychiatric
conditions. This paper reviews the application of
various Al algorithms in predicting mental health
issues, focusing on machine learning (ML), deep
learning, and hybrid approaches. The paper also
discusses the strengths, limitations, and ethical
considerations of these algorithms in practical settings.
This paper surveys state-of-the-art Al techniques for
predicting mental health outcomes, detailing
algorithmic designs, application scenarios, and
challenges.
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I. INTRODUCTION

Mental health disorders are a significant global health
challenge, affecting millions annually. The
complexity of mental health issues, coupled with the
subjective nature of psychiatric assessments,
necessitates advanced tools like Al to enhance
diagnosis and intervention. Al-based algorithms,
including supervised and unsupervised learning
models, neural networks, and hybrid systems, have
been widely adopted in recent years to predict and
manage mental health disorders effectively. This
paper provides a comprehensive review of the
algorithms used in Al applications for mental health,
exploring their methodologies and impact.
Traditional diagnostic methods often rely on
subjective assessments and are time-intensive. Al
offers potential to improve mental health prediction
through:

1. Scalable models for population-level screening.

2. Individualized insights for clinical decision-
making.

3. Integration of diverse data (e.g., wearable
sensors, social media).

I1. Al ALGORITHMS IN MENTAL HEALTH
PREDICTIONS

A. Machine Learning Models

Machine learning algorithms like Support Vector
Machines (SVM), Random Forest, and Gradient
Boosting have shown promise in mental health
prediction.

SVM and Neural Networks in Depression Detection

In depression detection, SVMs are effective because
of their robustness in handling high-dimensional data
and their ability to work well with small datasets,
which is often the case in medical applications.
Neural Networks, particularly Deep Neural Networks
(DNNs), have revolutionized depression detection by
leveraging their capacity to learn complex patterns
from large and unstructured data. An ensemble
hybrid model integrating SVM and neural networks
demonstrated effective early detection of depression
by analyzing patient data and behavioral patterns
(Saha et al., 2024). These algorithms were employed
to identify subtle variations in mental health
indicators, providing high accuracy in predictions.

B. Natural Language Processing (NLP)

NLP algorithms, such as transformers and BERT,
have been employed to analyze textual data from
social media and clinical notes for predicting mental
health crises. A recent study highlighted the use of
BERT-BILSTM models to evaluate social
commentary for depression and anxiety markers
(Chen, 2024).

C. Deep Learning Models

Convolutional Neural Networks (CNNs)

CNNs, combined with optimization techniques like
Bee Colony algorithms, have been utilized for facial
expression analysis, offering insights into emotional
states linked to depression (Kumar et al., 2024).
Recurrent Neural Networks (RNNSs)

RNN-based architectures have been employed for
time-series data analysis, providing predictive
insights into the onset of bipolar episodes based on
longitudinal mood tracking data.

D. Hybrid and Ensemble Approaches
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Hybrid Al for Multimodal Data Analysis

Systems integrating video, text, and audio layers have
been developed to predict outcomes in psychotherapy
sessions, using multimodal data for a comprehensive
analysis of patient responses (Baur et al., 2024).

Explainable Al (XAl) in Lifestyle Medicine

Counterfactual explainability models have been used
to elucidate the decisions of Al systems, ensuring
transparency and interpretability in predictions (Lane
etal., 2024).

I11. METHODOLOGY

This research is based on a literature review of peer-
reviewed studies from journals, conference
proceedings, and databases such as PubMed, Google
Scholar, and IEEE Xplore. The focus is on:

1. Algorithm types used.

2. Data modalities leveraged.

3. Applications in clinical and non-clinical
contexts.

Artificial Intelligence (Al) has become a cornerstone
in the prediction of mental health outcomes, owing to
its capacity to analyze complex datasets and provide
actionable insights. This methodology outlines the
step-by-step approach to building Al models tailored
for mental health prediction, emphasizing the
nuances of data handling, algorithm selection, and
ethical considerations.

The methodology outlined here provides a
comprehensive roadmap for developing Al systems
to predict mental health outcomes. It emphasizes
rigorous data handling, algorithmic precision, and
ethical diligence to ensure reliable, equitable, and
impactful predictions in mental health care. The
integration of multimodal data and advanced Al
techniques will continue to shape the future of mental
health diagnostics and interventions.

IV. DATA MODALITIES USED IN Al MODELS

Al models in mental health utilize diverse data types,
each presenting unique challenges and opportunities.

A. Structured Clinical Data

Includes electronic  health  records (EHRS),
demographic data, and diagnostic codes. Algorithms
like decision trees and logistic regression are
commonly used.

B. Unstructured Text Data

Includes social media posts, patient interviews, and
clinical notes. Natural Language Processing (NLP)
techniques such as sentiment analysis detect markers
of mental distress.

C. Sensor Data

Sources are Wearable devices, smartphones, and 10T
sensors. Applications Real-time monitoring of
activity levels, sleep patterns, and heart rate
variability.

D. Imaging Data

Includes MRI, fMRI, and EEG. Deep learning
models such as CNNs are particularly suited for
analyzing high-dimensional imaging data.

V. CASE STUDIES AND APPLICATIONS
Speech-Based Analysis for Depression

Recent advances in speech analytics have employed
Al to assess vocal features indicative of depression.
Bardaki (2024) presented a speech-based diagnostic
system that uses machine learning to detect emotional
distress with high precision.

Pain Intensity Detection

Al models trained on facial expressions have been
applied to assess the severity of physical and
emotional pain. These systems utilize ML to detect
nuanced expressions, correlating them with mental
health conditions (Singh et al., 2024).

Multiclass Prediction of Disorders

The PsyneuroNet framework by Rawat and Sharma
(2025) introduced a novel architecture capable of
predicting multiple psychiatric disorders
simultaneously, leveraging cross-validation
techniques for accuracy.

VI. APPLICATIONS OF Al IN MENTAL
HEALTH

A. Early Diagnosis

Al models identify early markers of mental health
disorders, enabling timely interventions. Example:
Prediction of depression using voice tone analysis
and smartphone usage patterns.
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B. Risk Assessment

Al aids in assessing suicide risk by analyzing patient
history and online activity. Use of NLP on social
media platforms like Reddit for detecting suicidal
ideation.

D. Treatment Personalization

Al optimizes treatment strategies by predicting
responses to pharmacological and therapeutic
interventions. Machine learning models trained on
genetic data to predict antidepressant efficacy.

E. Monitoring and Relapse Prediction

Wearable technologies paired with Al algorithms
enable continuous monitoring and early detection of
relapse. Prediction of bipolar disorder relapse using
activity data from fitness trackers.

Table 1 Comparison of models

VII. CHALLENGES AND ETHICAL
CONSIDERATIONS

Data Privacy and Security The sensitivity of mental
health data raises concerns about privacy and ethical
Al deployment. Ensuring secure data handling and
compliance with regulations like GDPR s
paramount.

Bias in Algorithms Al models are prone to biases
originating from imbalanced datasets, which can
skew predictions and exacerbate disparities in mental
healthcare access.

Interpretability and Trust Despite advances in XAl,
many Al systems remain "black boxes," limiting their
acceptance among clinicians.

Metric ML Models DL Models Hybrid/Ensemble Models
Data _ Low to moderate ngh_ (large labeled datasets ~ High (multimodal datasets
Requirement required) preferred)

High (especially logistic

Interpretability regression, RF)

Low ("black-box" nature)

Moderate (depends on component
models)

Computational
P Low to moderate

High (requires GPUs or

High (combines multiple models)

Cost TPUs)

Accuracy Moderate High (especially for complex Very high (integration of multiple
tasks) approaches)

Scalability Suitable for structured and Scales well with complex Scales for multimodal datasets

smaller datasets

unstructured data

Key Applications Structured data like EHRs

VII. FUTURE DIRECTIONS

A. Multimodal Al

Integrating diverse data sources, such as combining
imaging data with text and sensor data, can provide
holistic insights.

B. Federated Learning
Decentralized model training protects patient
privacy while leveraging distributed data.

C. Explainable Al
Developing interpretable models can enhance trust
among clinicians and patients.

D. Real-World Deployment

Unstructured data (text,
images, sensors)

Multimodal analysis (e.g., text +
images)

Focusing on clinical trials and real-world validation
to bridge the gap between research and practice.

CONCLUSION

Al algorithms have significantly advanced the field
of mental health, offering tools for early detection,
diagnosis, and personalized treatment. However,
addressing challenges such as bias, data privacy, and
ethical deployment is critical for broader adoption.
Future research should focus on integrating multi-
modal data sources and developing robust XAl
models to enhance interpretability and clinical trust.
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