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Abstract

Cardiovascular diseases which include a wide range of conditions are still the number one cause
of death worldwide. We see that early in diagnosis and intervention in cases of heart disease we
may greatly reduce fatal outcomes. In recent years machine learning has grown in its use in
medical diagnosis because of the great job these models do at working with large and complex
data sets. In this study we present a comparison of many supervised machine learning
algorithms used in heart disease prediction which included Logistic Regression, Naive Bayes,
K-Nearest Neighbor, Random Forest, Gradient Boosting Machines, and Support Vector
Machines. We divided the data set into 75% which was used for training and 25% for testing.
We used accuracy, precision, recall and F1 score as determined by the confusion matrix to
assess model performance. What we found is that out of all the models which we used the
Support Vector Machines performed the best with an accuracy of 94.28%. The study reports
that we have seen great value in the use of ML based predictive models which they put forth in

the clinical decision-making systems for early heart disease detection

Keywords: Heart Disease Prediction, Machine Learning, Supervised Learning, Classification,

Support Vector Machine, Ensemble Methods
INTRODUCTION

Cardio vascular diseases are a huge global health issue and report for very large numbers of annual
deaths. Early diagnosis is key in our ability to reduce mortality and improve patient results. To date we
have relied very much on physician expertise and clinical testing for diagnosis also, these methods tend

to be very time intensive and at time may introduce error.
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Machine learning techniques provide automated, data-driven solutions for medical diagnosis.

With the availability of structured healthcare datasets, ML models can assist clinicians in
predicting the likelihood of heart disease based on risk factors such as age, cholesterol level,

blood pressure, and other clinical parameters.

This research aims to evaluate and compare various supervised machine learning algorithms to

determine the most effective model for heart disease prediction
Il. Literature Review

Recent research has shown that machine learning can be used to assess cardiovascular risk.
Ensemble learning approaches, optimization-based feature selection, and hybrid classifiers have
shown promising results in improving predictive performance. However, selecting the most
suitable algorithm remains a challenge due to variations in datasets and evaluation metrics.

This study builds upon previous research by providing a comparative analysis of seven widely

used machine learning classifiers.

. METHODOLOGY
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Figure 1: Flow Diagram of the Model Implemented
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3.1 System Overview

The Proposed system follows these steps:

1
2
3
4.
5
6

Data-Collection
Data-Preprocessing
Feature Selection
Model Training
Model Testing

Performance Evaluation

The dataset was divided into:

72% Training Data
28% Testing Data

3.2 Algorithms Used
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The following supervised learning algorithms were implemented:

3.2.1 Logistic Regression (LR)

A probabilistic classification approach called Logistic Regression models the relationship

between dependent and independent variables using the sigmoid function. It works well for

tasks involving binary classification.

3.2.2 Random Forest (RF)

An ensemble learning method called Random Forest builds several decision trees and

combines their results. Compared to single decision trees, it decreases overfitting and

increases accuracy.

3.2.3 Naive Bayes (NB)

Naive Bayes is a probabilistic classifier based on Bayes’ Theorem:

P(CIX) = P(XIC)P(C)P(X)P(C|X) = \frac{P(X|C)P(C)}{P(X)}P(CIX)=P(X)P(XIC)P(C)

It assumes conditional independence among features and is computationally efficient for

medical diagnosis applications.
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3.2.4 K-Nearest Neighbor (KNN)

A non-parametric approach called KNN uses the majority class of the K nearest neighbors to
categorize new occurrences. Although it is straightforward, making predictions requires a lot of
processing.

3.2.5 Gradient Boosting Machines (GBM)

GBM is an ensemble technique that uses gradient descent optimization to fix the mistakes of

earlier models in order to develop models one after the other.

3.2.6 Support Vector Machine (SVM)

A supervised learning algorithm called SVM finds the best hyperplane to divide classes with the

greatest margin. In high-dimensional feature spaces, it works effectively.

“x2 Madmum

Figure 2: Two Categories Classified Using Hyperplane

llll. PERFORMANCE METRICS

Model performance was evaluated using a confusion matrix and the following metrics:

Model evaluation was performed using confusion matrix metrics including Accuracy, Precision,

Recall, and F1-Score.

4.1 Accuracy
Accuracy = (TP + TN) / (TP + TN + FP + FN)
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4.2 Precision

Precision = TP / (TP + FP)

4.3 Recall
Recall = TP / (TP + FN)

4.4 F1-Score

F1-Score = 2 x (Precision x Recall) / (Precision + Recall)

Where:

True Positive = TP

True Negative = TN

False Positive = FP

False Negative = FN

IV. RESULTS AND REVIEW

The comparative result of A different algorithms is shown below:

Table 1: presents the comparative performance of all implemented algorithms.

Algorithm Accuracy (%) Precision Recall F1-Score

Logistic- 80.33 0.85 0.65 0.74
Regression

Naive Bayes. 78.69 0.78 0.69 0.73
KNN. 67.21 0.69 0.42 0.52
Random Forest. 73.77 0.72 0.62 0.67
GBM. 92.46 0.90 0.74 0.82
SVM. 94.28 0.92 0.75 0.83

The results define that Support Vector Machine (SVM) give the highest accuracy of 94.25%,
followed by Gradient Boosting Machines. KNN showed the lowest performance.
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V. Conclusion
Seven supervised study compares machine learning methods for heart disease prediction.
Among all models, Support Vector Machines showed exceptional performance in terms of F1-
score, recall, accuracy, and precision.
Machine learning-based diagnostic systems can significantly enhance early detection of
cardiovascular diseases and assist clinicians in decision-making processes. Future work may

include:

e Incorporating larger and more diverse datasets
e Applying deep learning models

o Developing a real-time web or mobile-based clinical decision support system
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