Early Detection of Heart Disease Using Predictive Machine Learning Models
1. Introduction
Heart disease remains the leading cause of mortality globally, accounting for nearly one-third of all deaths. Early detection plays a critical role in reducing mortality rates, improving treatment outcomes, and lowering healthcare costs. Recent advancements in machine learning (ML) and deep learning (DL) have provided new opportunities for building accurate, data-driven predictive models capable of identifying heart disease at earlier stages. Several studies have integrated clinical, demographic, and laboratory data to develop predictive frameworks that outperform traditional diagnostic approaches. For example, Baghdadi et al. (2023) and Bhatt et al. (2023) demonstrated the effectiveness of ensemble ML models in cardiovascular disease prediction, while Ogunpola et al. (2024) and Korial et al. (2024) highlighted the value of optimized feature-selection techniques in improving diagnostic accuracy. Deep learning–based methods have also emerged as promising solutions, with Asghar et al. (2024) showing improved performance using an optimized DL framework for early detection.
Together, these studies provide a strong foundation for developing an interpretable, clinically applicable predictive model tailored to heart disease detection. Building on this growing body of evidence, the present research aims to assess ML and DL approaches, compare their performance, apply explainable AI techniques, and propose an integrated predictive framework suitable for real-world clinical decision-support systems.
2. Problem Statement
Despite major advancements in machine learning and deep learning for medical diagnosis, early detection of heart disease still faces several challenges. Many ML models function as "black boxes," offering high accuracy but limited interpretability—making them difficult for clinicians to trust and adopt in real diagnostic workflows. The lack of transparency limits clinical acceptance, especially in high-stakes environments where treatment decisions rely on clear justification. Additionally, existing cardiovascular prediction studies often suffer from limited datasets, inconsistent feature selection, and a lack of external validation across different populations. While prior works demonstrate the potential of ML models, including those by Baghdadi et al. (2023), Ogunpola et al. (2024), and Asghar et al. (2024), there remains a need for systematic comparison between classical ML and deep learning techniques, combined with explainable AI methods to ensure trustworthy and clinically actionable predictions.
Therefore, the problem this research addresses is the need for an accurate, interpretable, and clinically reliable predictive framework capable of early detection of heart disease using machine learning and deep learning models, supported by transparent and explainable decision-making.
3. Research Objectives
1. To preprocess and prepare clinical datasets related to cardiovascular risk, including demographic, physiological, and laboratory features.
2. To develop and compare multiple classical machine learning models (e.g., Random Forest, XGBoost, Logistic Regression) for early detection of heart disease.
3. To implement and evaluate deep-learning models (e.g., CNN, LSTM) and compare their performance with classical ML approaches.
4. To assess model performance using metrics such as accuracy, precision, recall, F1-score, and AUC to determine the most effective predictive approach.
5. To apply explainable AI techniques (e.g., SHAP values) to identify the most influential diagnostic features and enhance model transparency.
6. To propose an integrated, interpretable predictive framework suitable for real-world clinical decision-support systems.
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