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Abstract

The present study aimed to predict the risk of health-related maladaptive behaviors
based on cognitive—emotional markers using hybrid machine learning algorithms
among university students. This applied study employed a descriptive—correlational
predictive design. The statistical population consisted of university students in Karaj
during the 2025-2026 academic year, from whom 420 participants were selected
using multistage cluster sampling. Data were collected through standardized
measures assessing maladaptive health behaviors, emotion regulation, cognitive
impulsivity, stress sensitivity, cognitive flexibility, and lifestyle indicators. Data
analysis was conducted using Support Vector Machine, Random Forest, Gradient
Boosting, Artificial Neural Networks, and an Ensemble hybrid model. Model
performance was evaluated using accuracy, sensitivity, specificity, and Area Under
the ROC Curve indices. Inferential analyses indicated that cognitive—emotional
markers significantly predicted maladaptive health behaviors. The hybrid ensemble
model achieved the highest predictive accuracy (0.91) with an AUC value of 0.96,
demonstrating excellent classification performance. Emotional dysfunction,
cognitive impulsivity, and stress sensitivity emerged as the strongest predictors,
whereas emotion regulation and cognitive flexibility acted as protective factors
against maladaptive behavioral risk. The findings suggest that integrating cognitive—
emotional indicators with hybrid machine learning algorithms provides an effective
framework for early identification of individuals at risk for maladaptive health
behaviors and supports the development of personalized preventive interventions.

Keywords: Maladaptive health behaviors, Machine learning, Ensemble model,
Emotion regulation, Cognitive impulsivity, Behavioral prediction
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EXTENDED ABSTRACT

Introduction

Health-related maladaptive behaviors represent a major challenge for contemporary public health systems
because they emerge from complex interactions among cognitive, emotional, behavioral, and social
determinants rather than isolated individual choices. Recent psychological and behavioral science literature
emphasizes that unhealthy behaviors such as risky lifestyle patterns, excessive digital engagement, poor self-
care, and health neglect develop through multilayered mechanisms involving identity formation, emotional
regulation, and habitual decision-making processes (Zhu et al., 2025). Accordingly, understanding and
predicting such behaviors requires moving beyond traditional linear models toward integrative computational
frameworks capable of capturing nonlinear psychological dynamics.

Empirical evidence suggests that health risk behaviors rarely occur independently; instead, they tend to cluster
and reinforce one another through shared psychological vulnerabilities. Research among university
populations has demonstrated that exposure to social stressors, bullying experiences, and reduced self-
compassion are associated with concurrent engagement in multiple health risk behaviors, highlighting the
protective role of adaptive emotional processes (Zhang et al., 2025). These findings underscore the importance
of cognitive—emotional markers as central predictors of behavioral health outcomes.

The rapid expansion of digital environments has further transformed behavioral health patterns. Social media
exposure influences decision-making, emotional regulation, and risk perception, particularly among young
adults who experience continuous online interaction. Studies indicate that perceived social media influence is
associated with increased risky behaviors and deteriorating mental health outcomes (Weisskirch, 2025).
Similarly, online communication environments may normalize unhealthy behaviors or reinforce maladaptive
coping strategies (Ahmed, 2025). Therefore, predictive models must incorporate psychosocial and digital-
context variables alongside individual psychological indicators.

Family, interpersonal, and developmental factors also contribute substantially to health behavior formation.
Social self-efficacy and family cohesion have been identified as protective elements reducing engagement in
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high-risk behaviors among adolescents and young adults (Yousefi, 2025). Systematic reviews further
demonstrate that parental behavioral patterns can shape addictive digital habits and behavioral dysregulation
(Rosales-Navarro & Pérez, 2025). These findings collectively suggest that health behaviors arise from
dynamic interactions between individual cognition and environmental contexts.

From a psychological health perspective, self-care behaviors are strongly associated with illness perception,
perceived social support, and decision-making competence. Evidence from chronic illness populations
indicates that cognitive interpretations of health conditions influence adherence to preventive behaviors and
lifestyle management (Mohammadi Manesh et al., 2025). Mindfulness-based awareness and emotional
insight have similarly been linked to successful health behavior change and long-term lifestyle adjustment
(Abalorio & Turner, 2025). Consequently, cognitive—emotional functioning appears to constitute a
foundational mechanism underlying behavioral health regulation.

Public health research has also demonstrated that maintenance of preventive health behaviors following large-
scale crises depends heavily on motivational and psychological determinants rather than demographic
characteristics alone (Wang et al., 2025). Investigations conducted during global health emergencies reveal
that perceived risk, anxiety regulation, and trust in health systems significantly shape health-seeking behaviors
(Castaneda-Millan et al., 2025). These results highlight the necessity of predictive approaches capable of
integrating psychological variability across populations.

Self-regulation and psychological well-being have consistently emerged as key determinants of healthy
lifestyle adoption. Research involving student-athletes shows that higher levels of self-regulation predict
healthier behavioral patterns through enhanced psychological functioning and adaptive coping strategies
(Takalapeta & Huwae, 2025). Likewise, national cross-sectional studies report strong associations between
healthy lifestyle behaviors and reduced depressive symptoms, reinforcing the bidirectional relationship
between mental health and behavioral health outcomes (Jiao et al., 2025).

In addition, problematic digital engagement has been linked to anxiety, caregiving behaviors, and emotional
vulnerability across diverse populations (Tosun, 2025). Barriers to psychological help-seeking further
contribute to sustained mental health risks and maladaptive coping behaviors (Xiao, 2025). Longitudinal
evidence indicates that addictive screen-use trajectories are associated with suicidal ideation and broader
psychological distress among youth populations (Xiao et al., 2025). Such findings emphasize the urgency of
early risk identification using advanced predictive methods.

Trauma-related processes provide another explanatory pathway. Structural modeling research demonstrates
that childhood trauma and impaired reflective functioning mediate the emergence of self-harming behaviors
and emotional dysregulation patterns (Sepahvand et al., 2025). Moreover, cultural and cognitive determinants
influence help-seeking responses in vulnerable individuals, suggesting that behavioral risk prediction must
consider psychological meaning-making processes (Win, 2025).

Recent advances in artificial intelligence and machine learning offer powerful tools for modeling complex
behavioral systems. Machine learning algorithms can identify hidden patterns across multidimensional
psychological datasets, allowing accurate prediction of health behavior change trajectories and lifestyle
outcomes (Pourarian et al., 2025). Integrating cognitive—emotional markers with hybrid machine learning
models may therefore provide a novel pathway for early identification of individuals at risk of maladaptive
health behaviors.

Based on these theoretical and empirical foundations, the present study aimed to predict the risk of health-
related maladaptive behaviors using hybrid machine learning algorithms and cognitive—emotional markers
among university students.

Methods and Materials
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This applied predictive study employed a descriptive—correlational design using a machine learning
framework. The statistical population consisted of university students in Karaj during the 2025-2026 academic
year. A total of 420 undergraduate and graduate students were selected through multistage cluster sampling to
ensure diversity across academic disciplines and educational levels.

Participants completed a comprehensive battery of psychological assessment instruments measuring
maladaptive health behaviors, emotional regulation, cognitive impulsivity, stress sensitivity, executive control,
cognitive flexibility, lifestyle indicators, and digital behavior patterns. Data were collected through structured
online and supervised in-person administration procedures. Ethical principles including informed consent,
voluntary participation, confidentiality, and anonymous data processing were strictly observed.

Data preprocessing included missing value management, normalization procedures, and multivariate outlier
detection. The dataset was divided into training and testing subsets using a 70/30 split. Multiple machine
learning algorithms were implemented, including Support Vector Machine, Random Forest, Gradient
Boosting, Artificial Neural Networks, and an ensemble hybrid model combining multiple classifiers. Model
performance was evaluated using accuracy, sensitivity, specificity, F1-score, and Area Under the ROC Curve
(AUC). Feature importance analyses were conducted to determine the relative contribution of cognitive—
emotional variables to prediction outcomes.

Findings

Initial analyses indicated that maladaptive health behaviors showed significant associations with emotional
dysregulation, cognitive impulsivity, and stress sensitivity, while cognitive flexibility and adaptive emotion
regulation demonstrated protective relationships. Descriptive statistics confirmed adequate variability across
psychological indicators, supporting suitability for predictive modeling.

Comparative algorithm evaluation revealed that the hybrid ensemble machine learning model produced the
highest predictive performance. The ensemble model achieved an accuracy of 0.91, sensitivity of 0.90,
specificity of 0.92, and an AUC value of 0.96, indicating excellent discrimination between high-risk and low-
risk individuals. Gradient Boosting demonstrated the second-highest performance, followed by Random Forest
and Acrtificial Neural Networks, whereas Support Vector Machine showed comparatively lower accuracy.
Feature importance analysis identified emotional dysfunction as the strongest predictor of maladaptive health
behavior risk, followed by cognitive impulsivity, emotion regulation capacity, and stress sensitivity.
Behavioral lifestyle variables such as sleep quality and physical activity contributed modestly but meaningfully
to prediction accuracy.

Additional comparative modeling demonstrated that demographic variables alone yielded limited predictive
capability. Inclusion of behavioral indicators moderately improved performance; however, incorporation of
cognitive—emotional markers substantially enhanced model accuracy and reduced prediction error. The final
hybrid model integrating all data sources produced the most stable and generalizable prediction outcomes.
Receiver Operating Characteristic analysis confirmed strong classification performance, with the ROC curve
approaching the upper-left boundary, indicating high sensitivity even at low false-positive rates. These results
demonstrate that hybrid machine learning approaches can effectively detect individuals vulnerable to
maladaptive health behaviors based on psychological marker patterns.

Discussion and Conclusion

The findings demonstrate that maladaptive health behaviors are best understood as outcomes of interacting
cognitive and emotional regulatory systems rather than isolated lifestyle decisions. Emotional dysfunction
emerged as the strongest predictor, suggesting that individuals lacking effective emotional processing
strategies may rely on maladaptive behaviors as compensatory coping mechanisms. Cognitive impulsivity and
impaired executive regulation further contributed to behavioral risk, highlighting the importance of self-
regulatory capacities in health behavior maintenance.
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The superiority of the hybrid machine learning model indicates that behavioral health prediction benefits
substantially from ensemble computational approaches capable of capturing nonlinear psychological
interactions. Traditional statistical models often fail to detect complex interdependencies among psychological
variables, whereas machine learning methods successfully integrate multidimensional data into accurate
predictive systems.

The results also suggest that cognitive—emotional markers function as early warning indicators preceding
observable behavioral deterioration. This insight supports the development of preventive mental health systems
emphasizing early detection rather than post-risk intervention. The integration of psychological assessment
with artificial intelligence analytics may therefore transform preventive health strategies within university and
community settings.

From a theoretical perspective, the study supports multidimensional models of health behavior emphasizing
identity processes, emotional regulation, and environmental interaction. Behavioral health emerges as a
dynamic adaptive system influenced by internal psychological organization and external social context.
Predictive modeling grounded in this integrative framework offers new opportunities for personalized health
promotion.

Practically, hybrid machine learning systems may be implemented as screening tools capable of identifying
high-risk individuals before maladaptive patterns become entrenched. Such systems could guide targeted
psychological interventions, digital health monitoring platforms, and adaptive prevention programs tailored to
individual psychological profiles.

In conclusion, integrating cognitive—emotional markers with hybrid machine learning algorithms provides a
powerful and innovative approach for predicting health-related maladaptive behaviors. The findings highlight
the transformative potential of computational psychology in advancing early prevention, personalized
intervention, and data-driven public health decision-making.
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