Heart Disease Prediction Using Machine Learning

Abstract
Heart disease remains one of the leading causes of mortality worldwide, necessitating early and accurate diagnosis for effective management and prevention. This research explores the application of machine learning (ML) techniques to predict the risk of heart disease, leveraging clinical and demographic data. The study employs algorithms such as logistic regression, decision trees, random forests, and neural networks to develop predictive models, which are evaluated on metrics like accuracy, precision, recall, and F1 score. Feature selection techniques are used to identify key risk factors contributing to heart disease. Results indicate that ML models can achieve high predictive accuracy, outperforming traditional statistical methods in identifying at-risk individuals. This study underscores the potential of ML in enhancing diagnostic tools, enabling early intervention, and supporting healthcare professionals in decision-making.

Introduction
The heart is a vital organ that pumps blood, delivering oxygen and nutrients throughout the body while removing waste products. It works tirelessly through a network of arteries, veins, and capillaries to sustain life. Heart disease refers to a range of conditions that affect the heart, including coronary artery disease, arrhythmias, and heart failure. It is a leading cause of death globally, often linked to risk factors like high blood pressure, diabetes, smoking, and poor lifestyle choices. Early detection, healthy habits, and medical interventions can help manage and prevent heart disease.
Heart disease, encompassing conditions such as heart failure, coronary heart disease, and hypertension, accounts for the demise of one in four Americans. The identification of heart disease necessitates the utilization of an array of diagnostic techniques and methodologies. Given that the manual detection of heart disease can prove to be laborious and time-intensive, the application of machine learning methodologies has been employed to more swiftly and accurately discern patterns in disease symptoms. Consequently, the analysis of heart disease holds significant importance.
Using machine learning techniques can be effectively applied to predict the risk of heart disease based on a comprehensive history of the patient's health and lifestyle choices. This particular application aims to accurately determine the probability that an individual may experience a heart attack up to 10 years in advance, relying on extensive historical data concerning a person's health and lifestyle. Heart disease is a complex condition that occurs due to a multitude of influencing factors, including genetic predispositions, personal lifestyle choices, consumption of unhealthy foods, and various other unknown reasons that may play a role. Importantly, the symptoms associated with heart disease can manifest in many ways through the human body, whether or not an individual is in a state of distress or health. Consequently, it is critical that preventive measures against heart disease are prioritized over reactive treatments, as the most effective form of prevention occurs at the earliest stages. Machine learning techniques have significantly contributed to advancements in predicting heart disease, as evidenced across various pieces of research. Exploratory studies have also focused on the timing when a person may suffer a heart attack; this information is considered even more crucial than merely predicting the risk, since a heart attack is known to carry a considerably higher fatality rate or risk of death. There have been numerous cases of sudden heart disease that has caught individuals unprepared, which underscores the necessity for integrating such an application into health care practices. The development of a heart disease prediction application plays a vital role as part of a diagnostic tool designed to assess the likelihood of a person developing heart disease. In this application, a more modern and diverse dataset will be utilized to ensure accuracy and relevance. Among the datasets available, the UCI dataset stands out as a widely recognized collection of data that encompasses extensive historical information related to health, lifestyle choices, and dietary habits. [1] 
		Main Body
Review of Current Research and Scholarly Works
Several scientific papers have explored the application of machine learning in predicting heart disease. These studies employ various machine learning models, such as logistic regression, decision trees, random forests, and support vector machines, to achieve different levels of predictive accuracy. Studies consistently highlight the importance of feature selection and data preprocessing as key steps to improve model performance. Furthermore, studies highlight the value of combining multiple algorithms to achieve ensemble learning, which often yields more robust results. Significant research has also focused on ethical considerations and the integration of machine learning tools into the clinical decision-making process.
A. Features and Data Statistics 
When conducting research to predict heart disease, we typically focus on various features (variables) that have been shown to predict heart disease. These features can be derived from clinical data, medical history, lifestyle factors, and body measurements. Below is a list of  features and statistical considerations commonly used to predict heart disease. 
Statistically analyzing the data can provide insight into which features are most important for predicting heart disease. When using machine learning models,  the predictive power of these features can be improved using feature selection techniques and/or by evaluating the accuracy of the model (e.g., accuracy, hit rate, ROC AUC). 
[image: ]

B.Data Collection and Preprocessing
The quality of the dataset plays a key role in the success of a machine learning model. To predict heart disease, datasets such as the UCI Heart Disease dataset provide a wealth of information including demographics, medical history, and lifestyle factors. Data preprocessing includes cleaning the dataset by handling missing values, normalizing features, and encoding categorical variables. Feature selection techniques such as correlation analysis and recursive feature elimination are used to identify the most relevant predictors of heart disease.
The Data Description section provides a comprehensive understanding of the datasets used in the study. It provides a foundation for  subsequent steps by identifying the dataset source, attributes, statistics, and potential challenges such as: B. Class Imbalance. Explained in detail. Below is a detailed breakdown: 

	Features 
	Description

	Age
	Patient's age in years.

	Gender 
		Gender (1 = male, 0 = female).



	




	Chest Pain Type (cp)
	Type of chest pain (0 = typical angina, 1 = atypical angina, etc.).

		Resting Blood Pressure (trestbps)



	



	Blood pressure in mm Hg at rest.

	Cholesterol (chol)
	Serum cholesterol in mg/dL.

	Fasting Blood Sugar (fbs)
	Fasting blood sugar > 120 mg/dL (1 = true, 0 = false).

		Resting Electrocardiographic Results (restecg)



	



	ECG results (0 = normal, 1 = abnormal, etc.).

	Maximum Heart Rate Achieved (thalach)
	Maximum heart rate during exercise.

	Exercise-Induced Angina (exang)
	Exercise-induced angina (1 = yes, 0 = no).

	Slope of ST Segment (slope)
	Slope of the peak exercise ST segment (0 = upsloping, 1 = flat, etc.).



C.Algorthim
Five common machine learning algorithms that can be applied in regression or classification applications are Support Vector Machine (SVM), Random Forest (RF), Decision Tree (DT), Logistic Regression (LR), and K Nearest Neighbor (KNN).
A linear model called SVM searches for an optimal hyperplane to split data into different classes.
RF is an ensemble technique that combines multiple decision trees to create more reliable and accurate predictions.
Using a DT hierarchical structure, data is split into branches according to certain parameters.
For example, for high-dimensional and sparse data, SVM is suitable for achieving effective generalization with fewer support vectors.
Fine-tuning the parameters of a machine learning classification algorithm is a key step in optimizing the performance and accuracy of the system.
The performance of these methods was analyzed.A hybrid model for disease prediction is a combination of different methods that can leverage the strengths of each approach and overcome its limitations.
Reducing the bias and variance of individual methods can improve the accuracy and reliability of predictions.
Therefore, the most commonly used algorithms such as SVM, RF and KNN were selected to build the hybrid method.
The performance of the hybrid SVM-RF (HSVRF) and hybrid SVM-KNN (HSVKN) was analyzed using evaluation metrics such as accuracy, precision, recall and F1 score.




D. Result and conclusion
1. Receiver Operating Characteristic (ROC) Curve Analysis:
· The ROC curves compare the performance of three machine learning classifiers:
· Random Forest Classifier: Area Under the Curve (AUC) = 0.945.
· Extra Trees Classifier: AUC = 0.960 (Best performing classifier).
· XGBoost: AUC = 0.939.
· The Extra Trees Classifier achieves the highest performance in distinguishing between true positive and false positive rates.
2. Chest Pain Analysis:
· Normal Patients:
· Most common chest pain types are non-anginal pain and atypical angina, followed by asymptomatic and typical angina.
· Heart Patients:
· The dominant chest pain type is asymptomatic, followed by other types like typical angina and atypical angina.
· Comparison:
· Heart patients show a significantly higher proportion of asymptomatic cases compared to normal patients.
· Non-anginal pain is prevalent in normal patients but less common in heart patients.
These insights highlight the predictive performance of classifiers and the distribution differences in chest pain types between normal and heart patients.

	Classifier
	AUC (Area Under the Curve)
	Performance

		Random Forest Classifier



	





		0.945



	Good performance

		XGBoost



	



		0.939




	Slightly lower than others

		Extra Trees Classifier



	



	0.960
		Best performing classifier



	








Conclusion
This study focuses on predicting heart disease using machine learning techniques applied on binary class datasets. Enhanced Whale Optimization Algorithm (EWOA) was used for feature selection to identify the most important features. Various machine learning models including Logistic Regression (LR), Random Forest (RF), Decision Tree (DT), K Nearest Neighbor (KNN), Support Vector Machine (SVM), HSVRF, and HSVKN were trained and performance evaluated for predicting heart disease.
Among the models tested, HSVRF (Hybrid Support Vector Random Forest) classifier performed best, achieving 85.79% accuracy and 86.38% F1 score on the Framingham dataset. The proposed prediction system exhibited good accuracy and high precision, recall, and F1 score values, indicating its suitability for heart disease prediction using this particular dataset.
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