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Abstract
Heart disease is one of the leading causes of death worldwide, 
making early prediction crucial for effective intervention. 
This paper explores the use of supervised machine learning 
algorithms for predicting heart disease risk based on various 
patient data. The study compares multiple algorithms, 
including Logistic Regression, Decision Trees, Support 
Vector Machines (SVM), and Random Forest, evaluating 
their performance in terms of accuracy, precision, recall, and 
F1-score. The data used for this research includes patient 
information such as age, sex, cholesterol levels, blood pressure, 
and other clinical parameters. By analyzing the results, the 
study aims to identify the most effective algorithm for heart 
disease prediction and provide insights into the strengths 
and weaknesses of each approach. The findings highlight the 
potential of machine learning in transforming healthcare by 
enabling faster and more accurate predictions, contributing 
to better healthcare outcomes.
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Learning, Algorithm Comparison, Logistic Regression, Support 
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Introduction
Cardiovascular diseases (CVDs), including heart disease, are 
a major public health issue globally, responsible for millions 
of deaths each year. Early diagnosis and prediction of heart 
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disease are crucial for reducing mortality and improving 
patient outcomes. Traditional diagnostic methods often 
require invasive procedures or lengthy clinical tests, which 
can be costly and time-consuming.
Machine learning (ML) offers an alternative, enabling data-
driven prediction models that can analyze large datasets of 
patient health information to predict the likelihood of heart 
disease. These models are trained using historical patient 
data to identify patterns that indicate a higher risk of disease. 
This paper investigates several supervised machine learning 
algorithms to assess their performance in predicting heart 
disease, aiming to identify the most accurate and reliable 
model.
The goal of this research is not only to predict heart disease 
but also to provide an in-depth analysis of the performance 
of these algorithms in healthcare applications. The study 
focuses on understanding which algorithms are best suited for 
healthcare data, providing insights into how these methods 
can aid healthcare professionals in diagnosing patients at risk 
of heart disease.
Methodology
This paper follows a comprehensive methodology to assess 
the performance of supervised machine learning algorithms 
for heart disease prediction.
1.	 Data Acquisition: The dataset used in this study is the 
Cleveland Heart Disease dataset, which is publicly available 
and contains 303 instances with 14 attributes related to heart 
disease diagnosis.
2.	 Data Preprocessing: The dataset undergoes standard 
preprocessing steps, including:

•	 Handling missing values using imputation techniques.
•	 Normalization of numerical features to ensure that all 

data points are on a similar scale.
•	 Encoding categorical variables, such as gender and chest 

pain type, into numerical values.
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•	 Feature selection to reduce dimensionality and eliminate 
irrelevant features.
3.	 Model Training: The study compares the following 
machine learning algorithms:
•	 Logistic Regression: A simple but effective linear model 

for binary classification tasks.
•	 Decision Tree: A tree-based model that splits the data 

based on feature values to make predictions.
•	 Support Vector Machine (SVM): A powerful 

classification model that finds the optimal hyperplane to 
separate classes.
•	 Random Forest: An ensemble method that builds 

multiple decision trees and aggregates their results for more 
accurate predictions.
4.	 Evaluation Metrics: The performance of each model is 
evaluated using the following metrics:
•	 Accuracy: The percentage of correct predictions.
•	 Precision: The ratio of correctly predicted positive 

instances to all predicted positive instances.
•	 Recall: The ratio of correctly predicted positive instances 

to all actual positive instances.
•	 F1-Score: The harmonic mean of precision and recall, 

providing a balanced evaluation metric.
•	 AUC-ROC Curve: A graphical representation of the 

trade-off between true positive rate and false positive rate at 
various thresholds.
5.	 Cross-validation: 10-fold cross-validation is used to assess 
the models’ generalization capabilities.
Results
The results of the study show that:
•	 Logistic Regression: Provided good results with 

moderate accuracy and interpretability but struggled with 
handling non-linear relationships in the data.
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•	 Decision Trees: Showed high accuracy, but the model’s 
performance was sensitive to overfitting, especially with 
small datasets.
•	 Support Vector Machines (SVM): Performed well 

in terms of precision and recall, but SVM models were 
computationally expensive and not easily interpretable.
•	 Random Forest: Produced the highest overall accuracy 

and balanced performance across different metrics, making it 
the most reliable algorithm for this task.
The Random Forest model provided the best results, 
especially in terms of recall and F1-score, indicating its ability 
to correctly identify heart disease cases. However, due to the 
complexity of the model, further work is needed to ensure its 
interpretability for healthcare practitioners.
Conclusion
This paper provides a detailed comparison of several 
supervised machine learning algorithms for heart disease 
prediction. While all the models exhibited varying degrees 
of performance, the Random Forest algorithm emerged as 
the most robust and reliable. However, challenges related 
to data quality, model interpretability, and overfitting must 
be addressed for these models to be effectively used in real-
world healthcare applications. Future research should focus 
on enhancing model transparency, integrating with electronic 
health systems, and exploring deep learning techniques for 
more accurate predictions.
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