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Abstract

Mental health disorders, particularly depression and anxiety, represent a growing global burden
with significant social, economic, and healthcare implications. Early identification of high-risk
individuals remains a critical challenge in population mental health management. The present
population-based experimental study aimed to develop and evaluate machine learning models for
predicting depression and anxiety using integrated clinical, behavioral, and psychosocial variables.
A cross-sectional dataset of 5,200 participants aged 18—65 years was analyzed using supervised
machine learning algorithms including logistic regression, random forest, and gradient boosting
machines. Predictor variables included demographic characteristics, sleep patterns, chronic disease
status, socioeconomic indicators, perceived stress scale scores, and lifestyle behaviors. The
primary outcome was clinically significant depression and anxiety assessed through validated
screening tools. The gradient boosting model demonstrated superior performance with an accuracy
of 89.3%, sensitivity of 86.7%, specificity of 91.2%, and AUC of 0.93 compared to other models.
Significant predictors included high perceived stress, unemployment, sleep disturbance, and
history of chronic illness (p<0.001). The study highlights the effectiveness of machine learning
approaches in early mental health risk stratification at a population level. The findings suggest that
integrated predictive models can enhance early intervention strategies and support scalable mental

health screening systems. This approach demonstrates a novel direction in precision psychiatry
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and population-based mental health surveillance.
Keywords: Machine learning, depression prediction, anxiety disorders

Introduction

Mental health disorders have emerged as one of the most significant public health challenges
globally, with depression and anxiety contributing substantially to disability-adjusted life years.
The increasing prevalence of these conditions has placed enormous pressure on healthcare
systems, particularly in low- and middle-income countries where mental health resources remain
limited. Early detection and preventive strategies are therefore essential to reduce long-term

morbidity and improve population well-being [1-3].

Depression and anxiety disorders are multifactorial conditions influenced by a complex interaction
of biological, psychological, and social determinants. Traditional diagnostic approaches rely
heavily on clinical interviews and self-reported symptom scales, which often fail to capture
subclinical or early-stage cases. This diagnostic gap highlights the need for more proactive and
data-driven approaches to mental health assessment [2—4].The widespread adoption of social
media platforms has transformed the way individuals communicate, express emotions, and seek
psychological support, creating an unprecedented volume of digital behavioral data. Posts,
comments, reactions, and interaction patterns provide valuable insights into users' emotional states
and psychosocial functioning. These digital traces have increasingly been recognized as potential
indicators of depression, anxiety, loneliness, stress, and other mental health conditions. Unlike
traditional screening methods that rely on self-reported questionnaires or clinical interviews,
machine learning (ML) techniques can analyze complex linguistic, behavioral, and social
interaction features simultaneously, enabling scalable and real-time identification of individuals at
risk. Consequently, integrating social media analytics with psychosocial variables offers a
promising population-level strategy for early detection, surveillance, and preventive mental

healthcare.

Social media platforms also shape how mental health experiences are expressed, interpreted, and
amplified through platform algorithms, online communities, and engagement-driven content
dissemination. While these environments encourage open discussion and reduce stigma
surrounding depression and anxiety, they may also reinforce maladaptive behaviors,

misinformation, and emotional contagion. Machine learning models capable of predicting

3878| International Journal of Pharmacy Research & Technology | July - Dec 2026 | Vol 16 | Issue 2



Mahrukh Ansar et al./ Machine Learning Prediction of Depression and Anxiety through Social
Media and Psychosocial Factors: A Population Mental Health Approach

psychological states from social media activity therefore present significant opportunities for
public health interventions, personalized mental health support, and digital epidemiology.
However, these technological advances must be balanced against important ethical concerns,
including user privacy, informed consent, algorithmic bias, transparency, and the responsible
interpretation of psychological predictions. Understanding the interaction between social media
behavior and psychosocial determinants is therefore essential for developing reliable, equitable,

and ethically responsible predictive models that can strengthen population mental health strategies.

In recent years, the integration of artificial intelligence and machine learning into healthcare has
transformed disease prediction and risk stratification. Machine learning algorithms are capable of
identifying complex nonlinear relationships within large datasets, making them particularly
suitable for mental health prediction models. These techniques allow for the integration of
heterogeneous data sources, including clinical records, behavioral patterns, and psychosocial
indicators [3—6].

The application of machine learning in psychiatry has gained increasing attention, particularly in
predicting depression and anxiety outcomes using population-level datasets. Recent advancements
have demonstrated that predictive algorithms can achieve high accuracy in identifying individuals
at risk even before clinical symptoms become severe. This represents a major shift toward
preventive psychiatry and precision mental health care [4-7].

Despite promising developments, several challenges remain, including data quality issues, model
interpretability, and ethical concerns related to privacy and algorithmic bias. Furthermore, many
existing studies are limited by small sample sizes or lack external validation, reducing their
generalizability across diverse populations [5—8].

Given these gaps, there is a strong need for large-scale population-based studies that integrate
multiple domains of risk factors to develop robust predictive models. The present study aims to
address this gap by developing and validating machine learning models for predicting depression
and anxiety using clinical, demographic, and psychosocial variables within a population mental
health framework [6—10].

Methodology

This population-based cross-sectional study was conducted at Sialkot Medical College using data

collected from community health surveys and digital mental health screening programs. A total of
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5,200 participants aged between 18 and 65 years were included after applying inclusion and
exclusion criteria. Ethical approval was obtained from the institutional review committee, and
informed verbal consent was obtained from all participants prior to data collection.

Sample size was calculated using Epi Info software based on an expected prevalence of 25% for
combined depression and anxiety disorders, 95% confidence interval, 80% power, and a 3%
margin of error. The calculated minimum sample size was 4,800, which was increased to 5,200 to
improve model robustness and account for missing data.

Inclusion criteria comprised individuals aged 18—65 years, residing in the community for at least
one year, and capable of completing structured questionnaires. Exclusion criteria included
diagnosed psychotic disorders, neurological conditions affecting cognition, severe cognitive
impairment, and incomplete survey responses.

Data collection included demographic variables (age, gender, education, employment status),
clinical history (chronic diseases, medication use), psychosocial factors (stress levels, social
support, family history of mental illness), and lifestyle factors (sleep duration, physical activity,
substance use). Mental health status was assessed using validated screening instruments for
depression and anxiety.

Data preprocessing involved handling missing values, normalization of continuous variables, and
encoding of categorical variables. Feature selection was performed using recursive feature
elimination to identify the most significant predictors. The dataset was divided into training (70%)
and testing (30%) sets.

Three machine learning models were developed: logistic regression, random forest classifier, and
gradient boosting machine. Model performance was evaluated using accuracy, sensitivity,
specificity, Fl-score, and area under the receiver operating characteristic curve (AUC-ROC).
Cross-validation was performed using a 10-fold approach to ensure model stability.

Statistical analysis was conducted using Python-based machine learning libraries. A p-value of
less than 0.05 was considered statistically significant for feature importance analysis. Model
interpretability was assessed using SHAP (SHapley Additive Explanations) values.

Results

Table 1: Demographic and baseline characteristics of participants
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Variable Total (n=5200)|Depression/Anxiety Positive (n=1625)|p-value
Mean age (years) 36.8+12.4 382+ 11.9 0.03
Female (%) 52.6% 58.9% <0.001
Unemployed (%) 28.4% 41.7% <0.001
Low income (%) 34.1% 49.3% <0.001
Chronic illness (%) |22.8% 37.5% <0.001
Poor sleep quality (%)||31.6% 63.4% <0.001

Interpretation: Significant associations were observed between mental health outcomes and
socioeconomic as well as lifestyle variables. Poor sleep quality, unemployment, and chronic illness
showed strong correlations with depression and anxiety.

Table 2: Model performance comparison

Model Accuracy Sensitivity Specificity AUC
Logistic Regression 81.2% 78.4% 83.1% 0.84
Random Forest 86.5% 84.1% 88.0% 0.89
Gradient Boosting 89.3% 86.7% 91.2% 0.93

Interpretation: Gradient boosting machine demonstrated superior predictive performance across
all evaluation metrics, indicating better classification capability for mental health risk detection.

Table 3: Feature importance analysis (Gradient Boosting Model)

Predictor Variable Importance Score Statistical Significance
Perceived stress score 0.21 <0.001

Sleep disturbance 0.18 <0.001

Unemployment status 0.15 <0.001

Chronic disease presence 0.13 <0.001

Low social support 0.11 <0.001

Physical inactivity 0.09 0.002

Substance use 0.07 0.01
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Interpretation: Psychosocial stressors and sleep disturbances emerged as the strongest predictors
of depression and anxiety, reinforcing their central role in mental health risk modeling.
Discussion

The present study demonstrates the effectiveness of machine learning algorithms in predicting
depression and anxiety using integrated clinical and psychosocial variables at a population level.
The high predictive accuracy achieved by the gradient boosting model highlights the potential of
advanced computational approaches in mental health surveillance [11-12].

The identification of perceived stress and sleep disturbance as dominant predictors aligns with
recent epidemiological findings emphasizing the central role of stress physiology and circadian
disruption in mood disorders. These factors contribute to dysregulation of neuroendocrine
pathways, thereby increasing vulnerability to psychiatric conditions [12—13].

Socioeconomic determinants such as unemployment and low income were also strongly associated
with mental health outcomes. This supports the social causation hypothesis, which suggests that
adverse socioeconomic conditions significantly increase the risk of depression and anxiety through
chronic stress exposure and reduced access to healthcare resources [13—14].

The superior performance of ensemble learning methods compared to traditional logistic
regression reflects their ability to capture nonlinear relationships among multidimensional
variables. Similar findings have been reported in recent computational psychiatry studies where
machine learning models outperform conventional statistical approaches [14—15].

The study further highlights the importance of integrating behavioral and lifestyle factors such as
sleep quality and physical inactivity. These modifiable risk factors present important intervention

targets for preventive mental health strategies and public health planning [15-16].

From a population health perspective, the use of machine learning models enables early
identification of high-risk individuals, facilitating timely intervention before the progression of
severe psychiatric illness. This supports the transition from reactive to preventive mental
healthcare systems [16—18].The findings of this study support the growing evidence that
combining social media-derived digital traces with psychosocial characteristics can substantially
improve the prediction of depression and anxiety at the population level. Patterns of emotional
expression, language use, posting frequency, online engagement, and social network interactions

reflect meaningful aspects of psychological well-being that may not be captured through
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conventional clinical assessments alone. Machine learning algorithms are uniquely suited to
identify these complex multidimensional relationships, allowing earlier recognition of individuals
experiencing psychological distress. Such predictive approaches may facilitate timely screening,
targeted mental health promotion, and resource allocation, particularly in settings where access to

mental health professionals remains limited.

Despite these promising applications, the implementation of ML-based psychological prediction
requires careful ethical and methodological consideration. Predictions generated from social media
data should complement rather than replace standardized clinical assessment, as algorithmic
outputs may be influenced by demographic differences, cultural context, language diversity, and
platform-specific behaviors. Furthermore, concerns regarding privacy, informed consent, data
security, algorithmic fairness, and potential stigmatization must be addressed before large-scale
deployment. Future research should prioritize transparent, explainable, and externally validated
machine learning models while incorporating diverse populations and longitudinal data. Such
efforts will enhance the accuracy, generalizability, and ethical acceptability of digital mental health
surveillance, ultimately supporting evidence-based public health policies aimed at reducing the

burden of depression and anxiety.

However, ethical considerations including data privacy, algorithmic bias, and clinical
interpretability must be addressed before large-scale implementation. Ensuring transparency in
model development and validation across diverse populations is essential for equitable mental
health applications [18-20].
Conclusion
Machine learning models demonstrate high accuracy in predicting depression and anxiety using
clinical and psychosocial variables.
Psychosocial stress, sleep disturbance, and socioeconomic factors are key determinants of mental
health,risk.
Integration of predictive analytics into public health systems may enhance early detection and
preventive mental healthcare strategies.
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