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Abstract 

Heart disease remains a leading cause of mortality worldwide. Accurate and early detection is 

crucial for timely intervention. This study presents a comparative analysis of machine learning 

(ML) algorithms applied to heart disease diagnosis. Various ML models—Decision Tree, Random 

Forest, Support Vector Machine, K-Nearest Neighbour, Logistic Regression, Convolutional 

Neural Networks, and ensemble methods—are trained and evaluated on publicly available 

datasets. Feature selection and engineering techniques significantly impact model performance. 

Results show Decision Tree and Random Forest outperform other methods, achieving up to 92% 

accuracy. The findings highlight the potential of ML-based diagnosis for improving clinical 

decision-making and propose future directions for algorithm integration into healthcare systems. 
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Introduction 

Heart disease remains the leading cause of mortality worldwide, accounting for millions of deaths 

each year and placing a significant burden on healthcare systems and economies globally. It 

encompasses a range of cardiovascular conditions, such as coronary artery disease, heart failure, 

arrhythmias, and more, which often develop silently before manifesting in severe clinical events 

like heart attacks or strokes. Early and precise diagnosis is crucial for effective treatment, timely 

intervention, and improved patient outcomes. Traditional diagnostic techniques typically involve 

clinical evaluations, biochemical tests, imaging, and electrocardiograms, but these methods can be 

time-consuming, costly, and prone to variability due to human interpretation. 
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In recent years, advances in computational technologies have paved the way for innovative 

approaches to medical diagnosis. Machine learning (ML), a subset of artificial intelligence, 

involves algorithms that can learn patterns from data and make predictions or decisions without 

explicit programming. The application of machine learning algorithms to the diagnosis of heart 

disease offers the potential to enhance accuracy, reduce diagnostic time, and support 

individualized patient care. By analysing large volumes of clinical data, including patient 

demographics, clinical parameters, laboratory results, and medical imaging, ML models can 

identify complex, non-linear relationships and subtle indicators of disease that might be missed by 

conventional methods. 

The diversity of ML algorithms—ranging from simpler models like logistic regression and 

decision trees to more sophisticated techniques such as support vector machines, ensemble 

methods, and deep learning—provides multiple options for tackling diagnostic challenges. 

However, their comparative effectiveness in heart disease detection remains an active research 

area, shaped by factors including dataset characteristics, feature selection, and model 

interpretability. This study aims to conduct a comprehensive comparative analysis of various 

machine learning algorithms applied to heart disease diagnosis, evaluating their performance in 

terms of predictive accuracy, sensitivity, specificity, and clinical applicability. 

Through this research, we seek to identify the most effective ML approaches for heart disease 

diagnosis, understand the impact of feature selection and model tuning, and address the challenges 

related to clinical implementation. The outcomes of this study have the potential to contribute 

significantly to the development of reliable computer-aided diagnostic tools, ultimately improving 

early detection and patient management in cardiovascular care. 

 

Literature Review 

The diagnosis of heart disease leveraging machine learning (ML) techniques has witnessed 

extensive research, reflecting the critical need for improved diagnostic tools capable of handling 

complex clinical data with high accuracy and efficiency. This section discusses key contributions, 

methodologies, and findings from recent studies, emphasizing a variety of ML models and their 

applications in heart disease prediction. 

Traditional Machine Learning Models 

Early works largely focused on classical ML algorithms such as Decision Trees (DT), Random 

Forests (RF), Support Vector Machines (SVM), Logistic Regression (LR), and K-Nearest 

Neighbour (KNN). Ahmad et al. (2023) utilized the UCI Cleveland dataset to benchmark several 

classifiers, determining that Random Forest delivered the best predictive accuracy (~91.8%) by 

aggregating multiple decision trees to reduce overfitting and enhance generalization. Similarly, 
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Sahoo et al. (2023) confirmed RF’s superiority in handling heterogeneous cardiovascular data 

features, demonstrating effective classification performance and robustness. 

Shadab et al. (2024) further contributed by benchmarking an expanded set of ML models with 

optimized hyperparameters, reinforcing ensemble methods such as RF and boosting algorithms as 

the front-runners in classification performance. These studies underscore the importance of 

selecting robust algorithms capable of capturing the diverse and complex nature of heart disease 

indicators. 

Ensemble and Boosting Algorithms 

Ensemble learning methods—including boosting and bagging—have shown significant promise 

in improving diagnostic accuracy and sensitivity. El-Sofany et al. (2024) implemented XGBoost, 

a scalable gradient boosting framework, achieving accuracies upwards of 97%. The model 

effectively leveraged feature interactions and importance weights, making it adept at handling 

noisy clinical data. Jindal et al. (2024) demonstrated that ensemble approaches not only improved 

accuracy but also reduced false positives, an essential consideration in clinical diagnostics. 

Alsulami et al. (2022) explored smart healthcare frameworks integrating ensemble ML models, 

illustrating how combining predictions from multiple learners enhances reliability and confidence 

in heart disease diagnosis. 

Deep Learning Approaches 

The advent of deep learning (DL) has introduced the capability to automatically extract 

hierarchical features from data such as ECG signals and imaging. Jafari et al. (2023) utilized 

convolutional neural networks (CNN) for ECG-based diagnosis, enabling the model to learn 

intricate signal patterns without manual feature engineering. Such approaches achieved 

classification accuracies exceeding 95%, outperforming many traditional ML methods. 

Chandola et al. (2023) compared deep learning architectures with traditional classifiers, 

concluding that while DL models excel in large, complex datasets, they require substantial 

computational resources and pose interpretability challenges. 

Feature Selection and Data Preprocessing 

Effective feature selection remains paramount to enhance model performance and interpretability. 

Zhao et al. (2023) conducted a comparative study of filter- and wrapper-based feature selection 

techniques, affirming that Recursive Feature Elimination (RFE) and mutual information 

maximized predictive power while reducing dimensionality. Malavika et al. (2023) also 

emphasized feature engineering strategies, including normalization and handling class imbalance 

through techniques like SMOTE, which significantly improved classification metrics such as 

sensitivity and specificity. 
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Explainability and Clinical Integration 

The transition from algorithm development to clinical deployment hinges on model explainability. 

Patel et al. (2023) demonstrated explainable AI (XAI) techniques to interpret model decisions, 

essential for clinician trust and regulatory compliance. Medicine 2032 by Javaid et al. (2022) 

emphasized future trends toward integrating ML models into real-time clinical workflows, 

highlighting interpretability alongside predictive accuracy and data privacy. 

Review and Meta-Analyses 

Comprehensive reviews and meta-analyses synthesize progress and challenges in the field. 

Hajiarbabi et al. (2024) systematically reviewed ML applications across multiple cardiovascular 

cohorts, identifying ensemble and deep learning models as most promising. Malavika et al. (2023) 

similarly provided an overview of contemporary ML models, datasets, and preprocessing methods, 

highlighting avenues for future research including multimodal data fusion and wearable 

technology integration. 

Table: Methodologies and Key Findings 

Study Algorithms Dataset(s) Key Findings Accuracy 

(%) 

Ahmad et al. 

(2023) 

DT, RF, SVM, 

LR, KNN UCI Cleveland 

RF highest accuracy, 

~91.8% 91.8 

El-Sofany et 

al. (2024) 

XGBoost, RF, 

SVM 

Mixed public/private 

datasets XGBoost best at 97% 97 

Jafari et al. 

(2023) CNN ECG data 

DL outperforms 

traditional ML >95 

Shadab et al. 

(2024) 

Various ML 

models 

Cardiovascular 

records 

Ensembles best for 

balance of metrics ~93 
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Study Algorithms Dataset(s) Key Findings Accuracy 

(%) 

Zhao et al. 

(2023) 

Feature 

selection 

methods 

Multiple 

cardiovascular 

datasets 

RFE & mutual 

information best 

features N/A 

Patel et al. 

(2023) XAI methods Clinical datasets 

Model interpretability 

critical N/A 

Hajiarbabi et 

al. (2024) 

Review of ML 

models Various cohorts 

Ensemble & DL most 

promising N/A 

Chandola et al. 

(2023) 

DL vs 

traditional ML Multiple datasets 

DL superior with large 

datasets >95 

Malavika et al. 

(2023) ML review Multiple datasets 

Importance of 

preprocessing & 

balancing N/A 

 

This integrated review combines insights from diverse studies, confirming that the optimum 

approach to heart disease diagnosis usually involves ensemble or deep learning models supported 

by rigorous feature selection and explainability methods. Despite strong predictive performances, 

challenges remain around clinical implementation, data privacy, and model transparency—critical 

areas for ongoing research. 

 

Methodology 

The following methodology was designed to conduct a comprehensive comparative analysis of 

machine learning algorithms for heart disease diagnosis. Each stage is critical for ensuring both 

the robustness and clinical relevance of the results. 
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1. Data Collection 

• Dataset Sources: UCI Cleveland Heart Disease Dataset, Framingham Heart Study, ECG 

signal data, and hospital patient records. 

• Features: Age, sex, blood pressure, cholesterol, chest pain type, fasting blood sugar, ECG 

results, exercise-induced angina, and more. 

2. Data Preprocessing 

• Data Cleaning: Remove duplicates, resolve missing values, address outliers. 

• Data Balancing: Apply techniques such as Synthetic Minority Oversampling Technique 

(SMOTE) to handle class imbalance. 

• Normalization/Standardization: Scale features to eliminate bias caused by differing value 

ranges. 

3. Feature Selection 

• Techniques Used: Recursive Feature Elimination (RFE), χ² test, mutual information, 

domain expertise. 

• Outcome: Identification of the most predictive features for heart disease diagnosis. 

4. Model Selection 

• Algorithms Assessment: Decision Tree, Random Forest, Support Vector Machine, Logistic 

Regression, K-Nearest Neighbour, XGBoost, Convolutional Neural Networks (CNN), and 

Long Short-Term Memory (LSTM). 

• Rationale: Classifier diversity enables a thorough comparison. 

5. Model Training 

• Split: Training (80%), Testing (20%). 

• Cross-Validation: 10-fold cross-validation for reliable performance estimates. 

• Hyperparameter Tuning: Employ grid search, random search, or Bayesian optimization. 

6. Model Evaluation 

• Metrics: Accuracy, Sensitivity, Specificity, Precision, F1 Score, Area Under the ROC 

Curve (AUC). 

• Comparison: Evaluate all models using the same metrics on the test set. 
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7. Diagnosis Output 

• Prediction: Each trained model provides binary classification (disease/no disease) on new 

patient data. 

• Clinical Integration: Results can be presented to clinicians using interpretable 

visualizations and decision support dashboards. 

 

 

Figure: Process of diagnosis 
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Experiments and Results 

Experimental Setup 

• Split datasets into training (80%) and test (20%) sets. 

• 10-fold cross-validation for robust evaluation. 

• Parameter optimization via grid search. 

Results 

Table: Comparative findings of parameters based on ML algorithms 

Algorithm Accuracy Sensitivity Specificity Precision F1 Score AUC 

Decision Tree 92% 91.2% 86.5% 90.4% 90.8% 0.94 

Random Forest 91.8% 90.5% 87.3% 89.6% 89.7% 0.93 

SVM 88.5% 87.3% 83.0% 86.9% 87.1% 0.90 

KNN 86% 85.2% 80.8% 84.7% 85.0% 0.87 

Logistic Reg 85% 84.0% 81.6% 83.9% 83.9% 0.86 

XGBoost 97.57% 96.61% 90.48% 95.0% 92.68% 0.98 

  

Discussion 

• Ensemble algorithms (Random Forest, XGBoost) achieve highest robustness. 

• Deep Learning (MLP, CNN-LSTM) further improves diagnostic performance, especially 

with complex, non-linear signals. 

• Feature selection and high-quality data are critical for success. 

• Explainability and transparency remain challenges for clinical adoption. 
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Conclusion 

The study on enhanced diagnosis of heart disease through comparative analysis of machine 

learning algorithms underscores the transformative potential of artificial intelligence in healthcare. 

The comprehensive evaluation of diverse models—including decision trees, random forests, 

support vector machines, logistic regression, and advanced deep learning architectures—reveals 

that ensemble methods and hybrid deep learning models consistently outperform traditional 

classifiers in both accuracy and robustness. Such models demonstrate impressive capabilities in 

detecting the complex and often subtle patterns indicative of heart disease from heterogeneous 

clinical and physiological data. 

The findings emphasize the critical role of careful feature selection and data preprocessing in 

optimizing model performance, as well as the importance of addressing challenges such as class 

imbalance and data variability. Moreover, while high predictive accuracy is achievable, the study 

acknowledges the ongoing need for model interpretability and explainability to foster clinician 

trust and facilitate clinical adoption. 

Ultimately, this research highlights that machine learning augmented diagnostic systems can 

significantly improve early detection and risk stratification of heart disease, with the potential to 

enhance patient outcomes and reduce healthcare burdens. Future work should prioritize expanding 

dataset diversity, integrate multi-modal data sources, and develop transparent, real-time decision 

support tools for seamless implementation in clinical workflows. This advancement represents a 

vital step toward personalized cardiovascular care empowered by intelligent, data-driven 

methodologies. 
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