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I.INTRODUCTION

Heart disease is one of the most serious health problems worldwide and is a major cause of death in both developed
and developing countries. It includes conditions such as coronary artery disease, heart attack, and other cardiovascular
disorders. Many factors like unhealthy lifestyle, lack of physical activity, smoking, high blood pressure, and high cholesterol
contribute to the risk of heart disease. Early detection and proper treatment can significantly reduce the chances of severe
complications and improve survival rates.

With the advancement of technology, machine learning has become an important tool in the healthcare sector.
Machine learning algorithms can analyze large amounts of medical data and identify patterns that are difficult for humans to
detect. This makes it possible to predict diseases at an early stage and assist doctors in making better decisions. In this project,
machine learning techniques are used to build a prediction system for heart disease using patient data

The system uses different algorithms such as Logistic Regression, Support Vector Machine (SVM), K-Nearest
Neighbors (KNN), and Random Forest to classify whether a person is likely to have heart disease or not. The dataset is
processed and cleaned to improve accuracy, and different evaluation metrics are used to compare model performance.
Additionally, the system provides a final prediction using a majority voting technique.

Overall, this project aims to develop an efficient and reliable tool for heart disease prediction, which can support
healthcare professionals and contribute to better patient care.

Material And Methods
Study Design

This project is based on a machine learning approach for predicting heart disease using supervised learning
techniques. The main objective is to develop a predictive system that can classify whether a patient is at risk of heart disease
based on medical attributes. Multiple classification algorithms are applied and compared to identify the most accurate and
reliable model. The system also incorporates a majority voting technique to improve prediction stability and performance.

Dataset Description

The dataset used in this study is the Heart Disease dataset, which contains patient health records with various medical
attributes. These attributes include age, sex, chest pain type, blood pressure, cholesterol level, fasting blood sugar,
electrocardiographic results, maximum heart rate, and other relevant features.

The target variable indicates whether a patient has heart disease (1) or not (0). The dataset is structured and suitable
for classification tasks, allowing machine learning models to learn patterns and relationships between features and the target
outcome.

Data Preprocessing
Data preprocessing is an important step to improve model performance and accuracy. The following steps were
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performed:

Data Cleaning: The dataset was checked for missing or inconsistent values.

o Feature Selection: Irrelevant features (if any) were removed to improve efficiency.

o Feature Scaling: StandardScaler was applied to normalize the feature values.

¢ Data Transformation: All features were converted into numerical format suitable for model training.

Train-Test Split

The dataset was divided into training and testing sets using an 80:20 ratio.

o 80% data was used for training the models

e 20% data was used for testing

This ensures that the model is evaluated on unseen data for better generalization.

Model Training

The following machine learning models were implemented:

o L ogistic Regression: A statistical model used for binary classification.

e Support Vector Machine (SVM): Effective for high-dimensional data classification.
o K-Nearest Neighbors (KNN): A distance-based classification algorithm.

e Random Forest: An ensemble learning method using multiple decision trees.

All models were trained on the processed dataset and tested using the test data.

Evaluation Metrics

The performance of the models was evaluated using the following metrics:

Accuracy: Measures overall correctness of the model

Precision: Measures correct positive predictions

Recall: Measures how many actual positives are correctly identified

F1-Score: Harmonic mean of precision and recall Additional evaluation techniques include:
Confusion Matrix: To visualize prediction performance

ROC Curve and AUC: To measure classification performance

Learning Curve: To analyze model performance with training size

Prediction System

A prediction system was developed using the trained models. The system allows users to input patient details such
as age, sex, blood pressure, and other medical parameters. Based on the input, the system predicts whether the patient is at
risk of heart disease or not.

Additionally, a majority voting technique is used to combine predictions from multiple models, improving
accuracy and reliability. The system also provides a risk score indicating the severity of the condition.

ILRESULT
The machine learning models were evaluated based on accuracy, precision, recall, and F1-score. A comparative
analysis of all models was performed.

The results show that:
Random Forest achieved high accuracy due to its ensemble nature and ability to handle complex data patterns.
e Logistic Regression provided stable and interpretable results.
o SVM performed well but required proper scaling of data.
o KNN showed moderate performance and was sensitive to feature scaling.
The use of majority voting improved overall prediction performance by combining outputs from all models.
The confusion matrix and ROC curves indicate that the models can effectively distinguish between patients with and
without heart disease. Overall, the system demonstrates good predictive capability and can be useful for early detection and
decision support in healthcare.

Confusion Matrix Analysis
A confusion matrix is a useful technique used to evaluate the performance of classification models by comparing
actual and predicted values. It provides detailed information about True Positives (TP), True Negatives (TN), False Positives
(FP), and False Negatives (FN). This helps in understanding how well the model is performing and where it is making errors.
Confusion matrices were generated for all the models used in this project to analyze their classification performance.

Logistic Regression
Logistic Regression showed good performance with balanced classification results. It correctly predicted most of
the positive and negative cases, although a few misclassifications were observed.
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Logistic Regression Confusion Matrix
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Figure 2: Confusion Matrix of Logistic Regression

Support Vector Machine (SVM)

SVM performed slightly better than Logistic Regression with fewer false predictions. It showed improved
classification accuracy and better separation between classes.
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Figure 3: Confusion Matrix of SVM

K-Nearest Neighbors (KNN)
KNN achieved strong performance with fewer misclassifications. It showed high true positive and true negative
values, indicating better prediction capability compared to other models.
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Figure 4: Confusion Matrix of KNN

Random Forest

Random Forest provided the best performance among all models. It had a well-balanced confusion matrix with high

true positives and true negatives, and minimal false predictions. Its ensemble nature helped in improving accuracy and
reducing errors.
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Random Forest Confusion Matrix
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Figure 5: Confusion Matrix of Random Forest

ROC Curve Analysis

ROC (Receiver Operating Characteristic) curve is a tool to assess the performance of classification models by
examining the trade-off between a True Positive Rate (TPR) and a False Positive Rate (FPR). It assists in knowing the extent
to which the model is capable of differentiating between the various classes.

A model that lies nearer to the top-left corner is a pointer of better performance and a diagonal line is a representative
of a random classifier.
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Figure 5: ROC Curve Comparison of All Models

Learning Curve Analysis

The learning curve is used to assess how a machine learning model's performance increases as training data
volume increases. It aids in finding problems like underfitting and overfitting.

A successful model's ability to generalize to new data is demonstrated by a modest difference between training
and validation scores.
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Figure 7: Learning Curve of XGBoost Model Based on the learning curve:

o The model effectively learns from the data, as evidenced by the excellent training score.
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o As the training size grows, the validation score rises.
e Thereis not much of a difference between training and validation scores.

This suggests that there is little overfitting or underfitting and that the model is well-balanced. It also demonstrates
how performance increases with additional data.

I11. DISCUSSION

The results of this project show that machine learning techniques can effectively predict the risk of heart disease
using patient data. Multiple algorithms such as Logistic Regression, Support Vector Machine (SVM), K-Nearest Neighbors
(KNN), and Random Forest were implemented and compared to evaluate their performance. Each model has its own
strengths; for example, Logistic Regression provides simple and interpretable results, while Random Forest offers higher
accuracy by combining multiple decision trees.

The evaluation metrics, including accuracy, confusion matrix, and ROC curve, helped in understanding how well
each model performs. It was observed that models with better generalization ability produced more reliable predictions on
unseen data. The use of feature scaling improved the performance of distance-based algorithms like KNN and SVM.

The majority voting technique played an important role in improving prediction stability by combining outputs from
different models. However, the project also has some limitations, such as dependency on dataset quality and size. More data
and advanced models could further improve results. Overall, the system demonstrates the practical use of machine learning
in healthcare for early detection and decision support.

IV. CONCLUSION

In this project, a machine learning-based system for heart disease prediction was successfully developed and
analyzed. Different algorithms such as Logistic Regression, Support Vector Machine (SVM), K-Nearest Neighbors (KNN),
and Random Forest were implemented to classify whether a person is at risk of heart disease. The dataset was carefully
preprocessed using techniques like feature scaling and train-test splitting to improve model performance.

The results showed that all models were capable of predicting heart disease with good accuracy, but some models
performed better than others depending on the data. A comparative analysis helped in identifying the most suitable algorithm.
Additionally, the use of a majority voting technique improved the overall reliability of predictions. Evaluation metrics such
as accuracy, confusion matrix, and ROC curve were used to measure model performance effectively.

The system also provides real-time prediction by taking user input, making it practical and user-friendly. Overall,
this project demonstrates that machine learning can play a significant role in early detection of heart disease and can assist
healthcare professionals in making faster and more accurate decisions, ultimately improving patient care and reducing risks.
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