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Abstract — Heart disease remains a leading global health concern, necessitating accurate and early
prediction for improved patient outcomes. Machine learning (ML) has emerged as a powerful tool in
cardiovascular diagnostics, offering enhanced predictive capabilities over traditional methods. This review
critically evaluates various ML models, including logistic regression, decision trees, random forests, support
vector machines (SVM), artificial neural networks (ANNs), and deep learning techniques, in terms of
accuracy, interpretability, and real-world applicability.

The study highlights that ensemble learning and deep neural networks achieve high predictive performance
but face challenges such as data imbalance, interpretability, and computational demands. Recent
advancements in explainable Al (XAl), federated learning, and hybrid ML models aim to enhance model
reliability and clinical integration. The findings emphasize the need for a standardized evaluation framework
to improve ML adoption in healthcare.

This review provides key insights for researchers and clinicians, underscoring the potential of Al-driven
predictive analytics in revolutionizing heart disease diagnosis and personalized treatment.
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l. INTRODUCTION

Heart disease continues to be a leading cause of
morbidity and mortality worldwide, placing a significant
burden on healthcare systems. Early and accurate
diagnosis is crucial for improving patient outcomes,
reducing complications, and enabling timely medical
interventions. Traditional diagnostic methods, such as
electrocardiograms (ECG), echocardiography, and
clinical assessments, while effective, often rely on
manual interpretation, making them susceptible to
variability, delays, and human error. In response to these
challenges, machine learning (ML) models have emerged
as powerful tools for predictive analytics in
cardiovascular disease detection and risk assessment.

Machine learning algorithms can analyze vast amounts of
patient data, recognize patterns, and generate predictive
models with high accuracy. By leveraging techniques
such as logistic regression, decision trees, random
forests, support vector machines (SVM), artificial neural
networks (ANNSs), and deep learning architectures, ML
models can efficiently assess risk factors, detect
abnormalities, and assist clinicians in making data-driven
decisions. These models not only improve diagnostic
precision but also enable early disease prediction and
personalized treatment planning, leading to better patient
outcomes.

Despite these advancements, several challenges remain
in the adoption of ML for heart disease prediction. Model
interpretability, data imbalance, feature selection, and
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generalizability pose significant obstacles to integrating
ML into clinical practice. Black-box deep learning
models, while highly accurate, often lack explainability,
making them difficult for clinicians to trust and adopt.
Additionally, the quality and availability of medical
datasets, differences in patient demographics, and
variations in feature engineering techniques can
significantly impact model performance.

This paper presents a comprehensive review of ML
models used for heart disease prediction, evaluating their
effectiveness, limitations, and real-world applicability.
We explore various classification algorithms, feature
selection methodologies, and evaluation metrics to
provide a critical analysis of their predictive capabilities.
Furthermore, recent advancements in explainable Al
(XAL), federated learning, and hybrid ML approaches are
discussed to address the key challenges associated with
ML-based cardiovascular diagnostics.

By examining the efficacy of ML models in heart disease
prediction, this review aims to contribute to the
development of more reliable, interpretable, and
clinically applicable Al-driven solutions. The insights
gained from this study will help bridge the gap between
computational intelligence and medical decision-making,
paving the way for precision medicine and Al-assisted
healthcare innovations..

Il. BACKGROUND

In the last few decades, medical science has used the
technological advancements very well to improve the
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quality of healthcare. These advancements in technology
have paved ways for accurate diagnosis and prediction of
diseases [1]. Various researchers have proposed a
number of models for predicting heart diseases using
different technologies such as artificial neural networks,
machine learning, data mining, etc. This paper analyses
the work done by various researchers on the accuracy of
heart disease prediction through the different approaches.
A detail literature review has been provided in the study.
The analysis has also been presented on the basis on
technology used.

Heart disease is a leading cause of death worldwide.
However, it remains difficult for clinicians to predict
heart disease as it is a complex and costly task. Hence,
[2] they proposed a clinical support system for predicting
heart disease to help clinicians with diagnostic and make
better decisions. Machine learning algorithms such as
Naive Bayes, K-Nearest Neighbor, Support Vector
Machine, Random Forest, and Decision Tree are applied
in this study for predicting Heart Disease using risk
factors data retrieved from medical files. Several
experiments have been conducted to predict HD using
the UCI data set, and the outcome reveals that Naive
Bayes outperforms using both cross-validation and train-
test split techniques with an accuracy of 82.17%,
84.28%, respectively. The second conclusion is that the
accuracy of all algorithm decrease after applying the
cross-validation technique. Finally, we suggested multi
validation techniques in prospectively collected data
towards the approval of the proposed approach.

Detection of heart disease through early-stage symptoms
is a great challenge in the current world scenario. If not
diagnosed timely then this may become the cause of
death. In developing countries where heart specialist
doctors are not available in remote, semi-urban, and rural
areas; an accurate decision support system can play a
vital role in early-stage detection of heart disease. In this
paper [3], the authors have proposed a hybrid decision
support system that can assist in the early detection of
heart disease based on the clinical parameters of the
patient. Authors have used multivariate imputation by
chained equations algorithm to handle the missing
values. A hybridized feature selection algorithm
combining the Genetic Algorithm (GA) and recursive
feature elimination has been used for the selection of
suitable features from the available dataset. Further for
pre-processing of data, SMOTE (Synthetic Minority
Oversampling Technique) and standard scalar methods
have been used. In the last step of the development of the
proposed hybrid system, authors have used support
vector machine, naive bayes, logistic regression, random
forest, and adaboost classifiers. It has been found that the
system has given the most accurate results with random
forest classifier. The proposed hybrid system was tested
in the simulation environment developed using Python.
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Heart disease is one of the significant reason of death and
disability. The shortage of Doctors, experts and ignoring
patient symptoms lead to big challenge that may cause
death, disability to the patient. Therefore, we need expert
system that serve as an analysis tool to discover hidden
information and patterns in heart disease medical data.
Data mining is a cognitive procedure of discovering the
hidden approach patterns from large data set. The
available massive data can used to extract useful
information and relate all attributes to make a decision.
Various techniques listed and tested here to understand
the accuracy level of each. In previous studies,
researchers expressed their effort on finding best
prediction model. This paper [4] proposes new heart
disease prediction system that combine all techniques
into one single algorithm, it called hybridization. The
result confirm that accurate diagnose can be taken by
using a combined model from all techniques.

Heart disease is one of the most common causes of death
around the world nowadays. Often, the enormous amount
of information is gathered to detect diseases in medical
science. All of the information is not useful but vital in
taking the correct decision. Thus, it is not always easy to
detect the heart disease because it requires skilled
knowledge or experiences about heart failure symptoms
for an early prediction. Most of the medical dataset are
dispersed, widespread and assorted. However, data
mining is a robust technique for extracting invisible,
predictive and actionable information from the extensive
databases. In this paper [5], by using info gain feature
selection technique and removing unnecessary features,
different classification techniques such that KNN,
Decision Tree (ID3), Gaussian Naive Bayes, Logistic
Regression and Random Forest are used on heart disease
dataset for better prediction. Different performance
measurement factors such as accuracy, ROC curve,
precision, recall, sensitivity, specificity, and F1-score are
considered to determine the performance of the
classification techniques. Among them, Logistic
Regression performed better, and the classification
accuracy is 92.76%.

Health care industries are one among the top in
generating data. To mine the complex data advance
algorithms and techniques are needed. The data
extraction techniques are used to convert these raw facts
as meaningful information. One of the popular data
extraction techniques is data mining and machine
learning. With the patient data Health care industries are
now focusing on optimizing the efficiency and quality of
the treatment using various data analytical tools. Data
mining and Machine learning has been used by many
industries, however they are the proven methodology in
health care. Non communicable disease such a heart
disease, diabetics and cancer are major reason for the
death around the world. Heart disease is one among the
top reason for death. In this research paper [6] they have
implemented popular data mining algorithms viz.,
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Support vector machine and decision tree with the
relevant heart disease data set using Python.

Nowadays, machine learning algorithms have become
very important in the medical sector, especially for
diagnosing disease from the medical database. Many
companies using these techniques for the early prediction
of diseases and enhance medical diagnostics. The
motivation of this paper [7] is to give an overview of the
machine learning algorithms that are applied for the
identification and prediction of many diseases such as
Naive Bayes, logistic regression, support vector machine,
K-nearest neighbor, K-means clustering, decision tree,
and random forest. In this work, many previous studies
were reviewed that used machine learning algorithms for
detecting various diseases in the medical area in the last
three years.

I1l. METHOD

This study will systematically evaluate the efficacy
of various machine learning (ML) models in predicting
heart disease by following a structured methodology that
includes data collection, preprocessing, feature selection,
model selection, training, evaluation, and performance
comparison. The research will utilize benchmark heart
disease datasets such as the Cleveland Heart Disease
Dataset, Framingham Heart Study, and UCI Machine
Learning Repository, ensuring comprehensive analysis
across diverse patient demographics.

In the first phase, raw data will be collected,
consisting of patient attributes such as age, blood
pressure, cholesterol levels, heart rate, electrocardiogram
(ECG) readings, and lifestyle factors. Since medical
datasets often contain missing values and inconsistencies,
a preprocessing step will be applied, including data
normalization, missing value imputation, and outlier
detection to improve data quality. Additionally,
categorical features such as gender and medical history
will be encoded to ensure compatibility with ML models.

The feature selection process will employ statistical
techniques such as correlation analysis, recursive feature
elimination (RFE), and principal component analysis
(PCA) to identify the most relevant predictors of heart
disease. Selecting the most informative features will
enhance  model interpretability and  improve
computational efficiency.

For model selection, various ML algorithms will be
implemented and compared, including logistic
regression, decision trees, random forests, support vector
machines (SVM), k-nearest neighbors (KNN), artificial
neural networks (ANNS), and deep learning architectures
such as long short-term memory (LSTM) networks and
convolutional neural networks (CNNs). Each model will
be trained using a training dataset and optimized through
hyperparameter tuning to maximize performance.
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The evaluation phase will involve assessing each
model based on key performance metrics, including
accuracy, precision, recall, F1-score, area under the curve
(AUC-ROC), and confusion matrix analysis. Cross-
validation techniques such as k-fold cross-validation will
be employed to ensure model robustness and
generalizability across different datasets.

IV. CONCLUSION

This study will aim to enhance heart disease prediction
by evaluating the efficacy of various machine learning
(ML) models in analyzing patient health data. By
implementing a structured methodology that includes
data preprocessing, feature selection, model training, and
performance evaluation, this research will provide
valuable insights into the predictive capabilities of
different ML techniques. The expected results will
demonstrate that advanced ML models, particularly deep
learning architectures, can significantly improve
diagnostic accuracy and early detection of heart disease.

Future findings will highlight the importance of feature
selection techniques in optimizing model performance
and reducing computational complexity. Additionally,
the study will show that integrating explainable Al (XAl)
approaches will enhance model transparency, enabling
better trust and adoption of Al-driven diagnostics in
clinical practice. Moreover, the research will explore the
potential of federated learning as a privacy-preserving
approach for distributed medical data analysis, ensuring
data security while maintaining predictive accuracy.
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