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Abstract

This research project focuses on a computational analysis of neurological biomarkers for mental health
disorders, with an emphasis on epilepsy. Epilepsy, characterized by recurrent seizures, affects neurological and
psychological well-being. Our study aims to identify and analyze correlations between neurological biomarkers
and psychological variables in epilepsy to enhance the understanding and management of the disorder. The
project is structured chronologically, beginning with the selection of epilepsy based on its prevalence and available
research data. We conducted an extensive literature review using databases such as PubMed and Google Scholar
to identify potential biomarkers and psychological variables associated with epilepsy. Publicly available datasets
were sourced from repositories like the National Institutes of Health (NIH) and Kaggle. Data preprocessing
involved cleaning, normalizing, and handling missing values using Python libraries such as pandas and NumPy.
We conducted exploratory data analysis (EDA) to identify patterns and relationships within the data. Descriptive
statistics, including means and standard deviations, were calculated to summarize the data. For the correlation
analysis, we employed Pearson correlation coefficients (r) to examine the relationships between neurological
biomarkers and psychological variables. Significant correlations were identified at p < 0.05. Additionally, multiple
linear regression models were used to predict psychological outcomes based on biomarkers, with R-squared values
indicating the proportion of variance explained by the models. Machine learning algorithms, including logistic
regression and decision trees, were utilized to predict mental health outcomes. Feature selection methods such as
Principal Component Analysis (PCA) and LASSO (Least Absolute Shrinkage and Selection Operator) were applied
to identify the most influential biomarkers. The performance of predictive models was evaluated using metrics
such as accuracy, precision, recall, and F1-score. Preliminary results indicated significant correlations between
specific biomarkers, such as changes in brain region activities and neurochemical levels, and psychological
variables like stress and anxiety (r = 0.65, p < 0.01). Regression models demonstrated that these biomarkers could
explain a substantial proportion of the variance in psychological outcomes (R?> = 0.58). The study also involves
the development of a mental health app prototype designed to support high school students. Features include mood
tracking, stress relief exercises, and access to educational content. The app development process incorporates
user-centered design, data privacy, and security measures. Iterative testing and user feedback ensure the app
meets the needs of its target audience. This project advances the understanding of epilepsy biomarkers and their
psychological implications, offering practical applications through an innovative mental health app. The findings
have the potential to impact mental health awareness and support among high school students, providing tools for
better management of epilepsy and related psychological challenges.

Overview

Epilepsy is a neurological disorder marked by recurrent seizures, impacting both the physical and mental well-being of
individuals. The association of epilepsy with mental health challenges, such as anxiety and mood disorders, suggests the existence
of underlying neurobiological markers that could facilitate better management and understanding of comorbid mental health
issues. Computational techniques allow for large-scale analysis of these biomarkers, revealing patterns that link neurological
and psychological factors. This paper provides a detailed review of the current research on epilepsy-related biomarkers and
computational methods for analyzing these data, highlighting both the potential for clinical applications and future directions for
computational research in mental health.

J Psychol Neurosci; 2025 www.unisciencepub.com Volume 7 | Issue 1| 1 of 3



Introduction

Epilepsy, a disorder characterized by abnormal electrical
activity in the brain, affects millions globally and often
presents with co-occurring mental health issues such as
depression and anxiety. The underlying causes of these
associations have been explored through neuropsychological
and biochemical biomarkers, which provide insight into
both the pathophysiology of epilepsy and its psychological
manifestations. Technological advancements in data analysis
have allowed for deeper exploration of these biomarkers,
helping researchers and clinicians understand the brain-
behavior relationship and the mental health impact of epilepsy.
The study of epilepsy biomarkers focuses on identifying
indicators that can predict and explain psychological outcomes,
which is critical for improving mental health treatment.
Advances in machine learning, statistical correlation analysis,
and pattern recognition have opened up new avenues for
predicting mental health outcomes. This review synthesizes
current findings on epilepsy-related biomarkers, explores
computational approaches to data analysis, and introduces a
prototype for a mental health app that utilizes these insights.

Epilepsy and Mental Health Comorbidity

The comorbidity of epilepsy and mental health disorders
is well-documented, with significant research pointing to a
bi-directional relationship between the two. For instance,
individuals with epilepsy often experience higher levels of
depression and anxiety due to the unpredictability of seizures
and associated social stigma. Conversely, stress and emotional
instability can act as seizure triggers, further complicating an
individual’s mental health status (Gilliam et al., 2002). Studies
suggest that alterations in brain structures, such as the temporal
and frontal lobes—regions associated with mood regulation
and impulse control—are central to understanding these
psychological symptoms in epilepsy (Leeman-Markowski
et al, 2018). Further complicating this relationship,
neurochemical markers like cortisol levels show strong
correlations with seizure frequency and severity. Elevated
cortisol, often a result of prolonged stress, exacerbates seizure
susceptibility and contributes to mood disturbances, indicating
a shared pathway between neurological and psychological
manifestations (Cendes et al., 2019).
Neurological Biomarkers in and Their
Psychological Impact

Biomarkers serve as measurable indicators of a biological
condition and can include changes in brain structure,
neurochemical fluctuations, or alterations in brain function. In
epilepsy, these biomarkers are essential for both diagnosis and
treatment planning. Key biomarkers include:

Epilepsy

Structural and Functional Brain Changes

Imaging studies frequently highlight structural and functional
changes in the brains of epilepsy patients, particularly in
the hippocampus, amygdala, and prefrontal cortex. The
hippocampus, essential for memory and emotional regulation,
shows atrophy in patients with chronic epilepsy, linking
it to cognitive impairments and emotional disturbances

(Helmstaedter et al., 2014). The amygdala’s role in emotional
processing explains its association with heightened anxiety
and mood instability in epilepsy patients.

Neurochemical Markers

Neurochemical markers, such as cortisol and glutamate, have
shown strong links to both epilepsy and mental health outcomes.
Cortisol, a hormone associated with stress, is often elevated
in epilepsy patients and correlates with seizure frequency
(Cendes et al., 2019). Glutamate, a neurotransmitter implicated
in excitatory signaling, is found at high levels during seizures,
and its dysregulation is associated with increased anxiety and
depressive symptoms (Bauer et al., 2019).

Electrical Activity Patterns

Electroencephalography (EEG) provides valuable insights
into the electrical patterns of the brain, helping identify
seizure-prone regions and abnormal activity linked to mood
dysregulation. EEG biomarkers, such as heightened beta wave
activity, have been correlated with anxiety, while theta wave
dysregulation has been associated with depressive symptoms,
making EEG a powerful tool in both epilepsy and mental
health diagnosis.

Computational Techniques for Biomarker Analysis
Modern computational tools allow for extensive analysis
of biomarkers, identifying complex relationships between
neurological and psychological variables. These techniques
enhance our understanding of how biomarkers affect epilepsy
outcomes, with key methods including:

Data Preprocessing and Exploratory Data Analysis (EDA)
Before any meaningful analysis, data must be preprocessed to
ensure accuracy. Preprocessing includes cleaning, normalizing,
and handling missing values, particularly crucial for biomarker
data, which may vary widely across patients. Python libraries
such as pandas and NumPy facilitate these tasks, enabling
researchers to structure large datasets effectively. EDA is
critical in identifying initial patterns and insights, often
involving descriptive statistics and data visualization. By
plotting biomarker levels against psychological variables,
researchers can observe preliminary relationships, which can
guide further analysis (Waskom et al., 2021).

Correlation Analysis

Pearson correlation coefficients (r) are foundational in
exploring relationships between biomarkers and psychological
outcomes. In epilepsy, biomarkers such as cortisol and
hippocampal atrophy often show moderate-to-strong
correlations with anxiety and depression scores, indicating
their predictive potential. This technique allows researchers
to pinpoint biomarkers that warrant further investigation,
focusing on those with statistically significant relationships

(p <0.05).

Regression Models
Regression analysis, particularly multiple linear regression,
provides deeper insights into how multiple biomarkers

J Psychol Neurosci; 2025

www.unisciencepub.com

Volume 7 | Issue 1 |2 of 3



collectively impact psychological outcomes. For example,
regression models can predict anxiety levels based on biomarker
levels like cortisol and hippocampal volume, accounting
for up to 60% of the variance in some studies (Scharfman
& MacLusky, 2014). These models aid in understanding
the relative influence of each biomarker, informing targeted
intervention strategies.

Machine Learning Models

Machine learning offers advanced predictive capabilities,
especially useful in large datasets where relationships
are complex. Algorithms like decision trees and support
vector machines (SVM) enable nuanced predictions about
psychological outcomes based on biomarker profiles. Feature
selection methods, such as Principal Component Analysis
(PCA) and LASSO, are frequently employed to identify the
most informative biomarkers, improving model accuracy while
reducing computational load. Performance metrics, including
accuracy, precision, recall, and Fl-score, help validate these
models for clinical applicability.

Public Datasets for Epilepsy Biomarker Research

The availability of public datasets, such as those from the
NIH and Kaggle, has significantly advanced biomarker
research. These datasets typically include brain imaging data,
neurochemical analyses, and psychological assessments,
providing comprehensive resources for computational
analyses. By leveraging these datasets, researchers can validate
findings across diverse populations and ensure reproducibility,
bolstering the credibility of computational models (Yuan et al.,
2017).

Conclusion

The computational analysis of neurological biomarkers
provides a unique window into the interplay between
epilepsy and mental health disorders. Techniques like EDA,
regression modeling, and machine learning help clarify these
relationships, revealing biomarkers that predict mental health
outcomes. The development of tools like the mental health
app for students underscores the potential for computational
research to influence real-world mental health interventions.
Future directions include expanding the use of deep learning
models and integrating real-time biomarker monitoring, which
could enhance early intervention and improve quality of life
for individuals affected by epilepsy.
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