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Abstract

Heart disease, a leading global cause of mortality, demands innovative early detection
strategies. This study evaluates machine learning models (DNN, KNN, SVM, XGBoost,
Random Forest) for predicting cardiovascular disease using 1,000 patient records with 16
clinical features. After rigorous preprocessing and validation, ensemble methods like XGBoost
(100% accuracy) and Random Forest (99%) outperformed traditional models, highlighting
their clinical potential. Challenges such as overfitting and interpretability were addressed,
emphasizing the need for diverse datasets and explainable Al (XAl). Future integration with
wearable technologies and interdisciplinary collaboration could enable proactive, personalized
care, transforming cardiovascular health outcomes globally.

Résumé

Les maladies cardiaques, principale cause de mortalité mondiale, nécessitent des stratégies
innovantes de détection précoce. Cette étude évalue des modeles d’apprentissage automatique
(DNN, KNN, SVM, XGBoost, Random Forest) pour prédire les maladies cardiovasculaires a
I’aide de 1 000 dossiers patients. Les méthodes d’ensemble, notamment XGBoost (exactitude
100%) et Random Forest (99%), ont surpassé les modeles traditionnels. Les défis comme le
surapprentissage et ’interprétabilité ont €té analysés, soulignant 1’importance de jeux de
données diversifiés et d’TA explicable (XAIl). Une intégration future avec des technologies
portables et une collaboration interdisciplinaire pourraient permettre des soins personnalisés et
proactifs, transformant la santé cardiovasculaire.
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Introduction General

Heart disease remains one of the leading causes of mortality worldwide, posing a significant
challenge to public health. According to the World Health Organization (WHO),
cardiovascular diseases (CVDs) account for approximately 17.9 million deaths each year,
making them the primary cause of global mortality. The early detection of heart disease is
crucial in reducing fatal outcomes, as timely medical intervention can significantly improve a
patient’s prognosis. Traditional diagnostic methods, such as electrocardiograms (ECG), stress
tests, and cholesterol screenings, provide valuable insights but often require extensive
medical expertise and can be time-consuming and costly. To address these limitations,
researchers have explored the potential of machine learning as a powerful tool for automated
heart disease prediction.

Machine learning, a branch of artificial intelligence (Al), has revolutionized various fields,
including healthcare, by enabling predictive analytics based on large datasets. By leveraging
computational models, machine learning can identify hidden patterns in medical data,
improving the accuracy of disease diagnosis and risk assessment. Recent advancements in
supervised learning techniques, including Deep Neural Networks (DNNs), K-Nearest
Neighbors (KNN), Support Vector Machines (SVM), XGBoost, and Random Forest,
have demonstrated significant potential in medical applications. These models analyze patient
attributes such as age, cholesterol levels, blood pressure, and lifestyle factors to determine the
likelihood of heart disease with high accuracy.

The primary objective of this study is to develop a machine learning-based predictive model
for heart disease diagnosis. This research aims to evaluate multiple machine learning
algorithms, compare their performance, and determine the most effective approach for heart
disease classification. The study uses a publicly available dataset containing 1,000 patient
records and 16 clinical and demographic features, ensuring a robust evaluation framework.
Data preprocessing techniques, such as feature selection, normalization, and missing data
handling, are applied to enhance model performance.

This thesis is structured into three main chapters. Chapter 1 provides a comprehensive
overview of heart disease, including its causes, symptoms, and traditional diagnostic
methods. It also introduces machine learning principles and discusses the algorithms selected
for this study. Chapter 2 focuses on the implementation phase, detailing data preprocessing,
model training, and hyperparameter optimization techniques. It also presents the performance
metrics used to assess the effectiveness of each algorithm. Chapter 3 presents the
experimental results, discussing model performance, comparative analysis, and practical



implications of this research. The study concludes with a discussion on future directions and
potential improvements in machine learning-driven heart disease prediction.

By integrating machine learning techniques into medical diagnostics, this research
contributes to the growing field of Al-driven healthcare solutions. The findings of this study
may assist healthcare professionals in making more accurate and timely diagnoses, ultimately
improving patient outcomes and reducing the burden of cardiovascular diseases on global
health systems.
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General Conclusion

Heart disease remains a major global health concern, responsible for a significant percentage
of morbidity and mortality worldwide. Early detection and accurate prediction of
cardiovascular diseases are critical in reducing fatality rates and improving patient outcomes.
Machine learning has emerged as a transformative tool in this field, offering promising
results in predictive analytics, risk assessment, and early diagnosis.

This thesis has explored the potential of machine learning algorithms in predicting heart
disease, focusing on five key models: Deep Neural Networks (DNN), K-Nearest Neighbors
(KNN), Support Vector Machines (SVM), XGBoost, and Random Forest. Through rigorous
implementation, training, and evaluation, we have assessed their performance using standard
metrics such as accuracy, precision, recall, and F1-score. The results demonstrate that
machine learning models, particularly ensemble methods and deep learning techniques, can
achieve high predictive accuracy, supporting their applicability in real-world clinical settings.

Despite these advancements, several challenges persist. The study has highlighted issues
related to data quality, feature selection, computational efficiency, and model interpretability.
A key limitation remains the availability of high-quality, diverse datasets that adequately
represent different populations. Additionally, the black-box nature of deep learning models
poses interpretability challenges, which may hinder their adoption in clinical practice. Ethical
concerns, including data privacy, bias in model predictions, and regulatory compliance, must
also be addressed to ensure fair and responsible Al deployment in healthcare.

Moving forward, several research directions can be pursued to enhance the robustness and
clinical relevance of machine learning models in heart disease prediction. First, integrating
larger and more diverse datasets can improve generalizability and reduce bias in model
predictions. The application of explainable Al (XAl) techniques, such as SHAP values and
Local Interpretable Model-Agnostic Explanations (LIME), can help bridge the gap between
Al predictions and clinician trust. Additionally, the integration of real-time monitoring
systems using wearable technologies can provide continuous patient data, allowing for
proactive intervention and improved risk assessment. Finally, interdisciplinary collaborations
between data scientists, healthcare professionals, and policymakers are essential in ensuring
the successful implementation of Al-driven diagnostic tools in clinical environments.

Finally, interdisciplinary collaborations between data scientists, healthcare professionals, and
policymakers are essential in ensuring the successful implementation of Al-driven diagnostic
tools in clinical environments.
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This thesis bridges the gap between machine learning innovation and clinical cardiology by
delivering models that combine diagnostic precision with interpretability. By achieving near-
perfect accuracy while addressing ethical and computational challenges, our work empowers
healthcare providers to adopt Al-driven tools confidently. Future integration with wearable
technologies and real-time data pipelines promises to revolutionize preventive cardiology,
transforming cardiovascular care from reactive treatment to proactive, personalized
medicine—ultimately saving lives on a global scale.
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