ISSN : 2319-5991

Vol. 22 No. 1 (2026)

ijerst.editor@gmail.com ~

editor@ijerst.com


https://ijerst.org/index.php/ijerst

Int. J. Engg. Res. & Sci. & Tech. 2026

¢RST
s

Ay
&3

International Journal o Engineering Research and Science & Technology

Research

ISSN 2319-5991 www.ijerst.com

Vol. 22, No. 1, 2026

© 2026 IJERST. All Rights Reserved

Peer Reviewed, Referred & Indexed Journal

EFFECTIVE MACHINE LEARNING FEATURE SELECTION

FOR CARDIOVASCULAR DISEASE DETECTION
Mrs. G. BALESWARI1, AMAROJU TULASI RAMAKRISHNAZ2, ADAPA SURYA NAGA
VENKATA SHARATH3, GURRAM HARI PRASAD4
#1 Associate Professor, Department of Information Technology , NRI Institute of Technology,
Agiripalli.
#2#3#4 B.Tech with Specialization of Information Technology in NRI Institute of
Technology,Agiripalli.

Abstract: The cause of death for many people worldwide is cardiovascular disease (CVD).

According to the

World Health Organization (WHO), cardiovascular disease (CVD) claimed 19.1 million lives in 2022, accounting

for 33% of all fatalities worldwide.

With standard machine learning, ECG is frequently utilized for automated
CVD diagnosis; however, selecting the appropriate characteristics can be challenging.
architecture for early CVD detection that makes use of the optimal feature selection can address this issue.

A scalable ML-based
By

promptly diagnosing and treating CVD, this design aims to transform healthcare and reduce the number of fatalities.
ML classifiers are used to gather, store, and evaluate data in order to predict heart problems.  After removing ECG
characteristics, FCBF, MrMr, alleviation, and PSO-optimization choose the best features. The Random Forest and
trait-trained Extra Tree classifiers have 100% accuracy. On both small and big datasets, we also evaluate the
suggested approach against the best one. The suggested approach might enhance quality of life by altering the way
patients are treated and significantly reducing the number of deaths from CVD. In summary, this design improves
healthcare systems and offers a practical CVD solution.

Index terms - Disease detection, ECG feature extraction, optimal feature selection, Particle Swarm Optimization,

FCBF, MRMR, Relief, Random Forest, Extra Tree Classifier, Gradient Boosting.

Received: 31-01-2026

Accepted: 05-03-2026

Published: 12-03-2026

1. INTRODUCTION

One of the most important issues confronting the
world's population is still public health. The World
Health Organization (WHO) states that everyone has
the fundamental right to health care. Global public
health has been significantly impacted in recent years
by an increase in chronic and epidemic illnesses.
Chronic illnesses, such as cancer, diabetes, stroke,
Parkinson's disease, and particularly cardiovascular
disease (CVD), have become chronic, incurable
diseases that have a substantial impact on the world's
death rates. These illnesses frequently worsen over
time, necessitating constant medical care and serious
health issues.

One of the main causes of chronic illnesses is
unhealthy lifestyle choices. The rising incidence of
these diseases has been directly attributed to

This article can be downloaded from https://ijerst.org/index.php/ijerst

sedentary lifestyles, poor eating habits, cigarette
smoking, and excessive alcohol use. Approximately
50% of Americans suffer from a chronic illness, and
over 80% of them experience financial hardship as a
result of their medical bills. Approximately $2.7
trillion, or 18% of the nation's gross domestic
product, is spent on treating chronic illnesses each
year. Among them, cardiovascular disease (CVD) is
the leading cause of mortality in the United States
and other nations worldwide.

Global healthcare institutions are now gravely
concerned about the rising incidence of CVD.
According to current figures, up to 86.5% of fatalities
in nations like China are attributable to chronic
ilinesses. Effective diagnostic methods that can detect
CVD in its early stages are desperately needed in
light of this concerning trend. Patients' quality of life
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can be enhanced and death rates can be considerably
decreased with early identification and treatment.
There is a chance to use technology to create
scalable, precise, and effective healthcare solutions
that target CVD and related chronic illnesses thanks
to developments in artificial intelligence and machine
learning.

2. LITERATURE SURVEY
1. Detect the Cardiovascular Disease’s in Initial
Phase using a Range of Feature Selection
Techniques of ML::
The leading cause of death worldwide is heart
disease. In 2000, 14 million individuals died from
heart disease. It will have killed 620 million people
by 2023. Being older and having more individuals
results in more deaths.  This further demonstrates
that early care may help reduce the amount of heart
failure deaths, which is crucial. Using a range of
feature techniques, this study aims to develop a future
machine learning framework that can identify
significant characteristics and anticipate cardiac
problems early. The selected characteristic
subgroups were FST1, FST2, and FST3. To choose
the characteristics, we employed mutual information,
chi-square, and correlation-based methods. To
determine the optimum feature selection and the most
reliable theory, we used six machine learning models:
LR (AL1), SVM (AL2), K-NN (AL3), RF (AL4), NB
(AL5), and DT (AL6). The prediction of coronary
artery disease has never been examined, however our
work employs several attribute choices to improve
algorithms in key areas and examines specificity,
sensitivity, accuracy, AUROC, and log loss. The
model is a strong contender for medical use since it
can quickly and affordably predict the diagnosis of
precursor CVD. Based on the outcomes and criteria
of the model, it can help new physicians select the
best course of action.
2. Comprehensive Review of ML Applications in
Heart Disease Prediction:
People who have heart infections die and become
quite depressed. The risk of mortality can be
significantly reduced by monitoring and identifying
cardiac problems early. Now, analyzing data is the
key to identifying cardiac problems.  Although it's
challenging to predict when someone could have a
heart infection, advanced machine learning can help.
According to studies, machine learning can anticipate
and assess the severity of cardiac disease.  This
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strategy aims to reduce the number of diagnoses, the
severity of diseases, and death rates. ML is
improving the accuracy of therapy analysis. These
techniques aid in identifying heart disease symptoms.
SVM, RF, KNN, and DT are used in the presentation
to sort the data. We examine the specificity,
accuracy, and precision of these four methods. SVM
computations often provide results, however the
precision of those results may differ.

3. Advanced ML techniques for cardiovascular
disease early detection and diagnosis:

A key component of controlling cardiovascular
disease (CVD) is determining if a healthy individual
is at risk for developing the illness and how probable
it is to occur. Accessing the complete health data on
CVD that is now accessible in hospital databases may
aid in the early detection and diagnosis of the
condition, improving its prognosis. Therefore, there
is a lot of potential for improvement when applying
machine learning (ML) techniques in clinical practice
to manage cardiovascular illnesses (CVDs). These
techniques can assist in developing evidence-based
clinical recommendations and treatment algorithms,
hence eliminating the need for costly and time-
consuming laboratory and clinical testing. Both
patients and the healthcare system benefit financially
from this. According to this study, new, powerful,
efficient, and effective machine learning algorithms
that are specifically designed to automatically choose
crucial variables should be developed. Therefore, it
performed admirably in attaining and optimizing
classification performance with higher levels of
accuracy and precision in comparison to many other
state-of-the-art techniques that are now available.

4. Risk prediction of cardiovascular disease using
ML classifiers:

CVD harms the heart and blood vessels and
frequently results in death or paralysis. Therefore,
early and automated detection of CVD can save many
lives. Numerous experiments have been conducted
to achieve this goal, yet the system's dependability
and performance may be improved. The next step in
this approach is this research. We employed ML
techniques, such as MLP K-NN, to identify CVD
using publically available University of California
Irvine repository data. The model performs better
when null values and outliers are eliminated. In
terms of accuracy (82.47%) and area-under-the-curve
(86.41%), MLP outperforms the other approach.

942



https://ijerst.org/index.php/ijerst

\ )QRST

Int. J. Engg. Res. & Sci. & Tech. 2026 /;:; International Journal of Engineering Research and Science & Technology

T

Therefore, the MLP model was proposed for
automatically detecting CVD. Other disorders can
also be found using the given approach. To evaluate
the proposed model, you may also use other common
data sets.
5. Prediction of Cardiovascular Disease Using
Feature Selection Techniques:
Cardiovascular illnesses are dangerous and affect
many individuals worldwide. The ability to predict
cardiovascular illness with accuracy and speed is
critical to healthcare. Medicare contains a lot of
information but little understanding. The objective of
this study is to create a quick and accurate system for
inspecting cardiovascular illness using data mining
techniques. The system employs RF, LR, NB, SVM,
Pearson Correlation, and Chi-Square feature selection
techniques to classify more rapidly and correctly.
With an accuracy percentage of 84%, logistic
regression is the most accurate technique.

3. METHODOLOGY
i) Proposed Work:
The proposed method detects cardiovascular disease
early by using scalable and powerful machine
learning. After extracting the ECG features, it uses
FCBF, MRMR, Relief, and ANOVA to choose them.
Particle Swarm Optimization (PSO) streamlines the
selection procedure so that only the most crucial
features are used to train prediction models. For a
more precise diagnosis, this multi-level feature
selection method lowers computational complexity
and increases accuracy.
The system uses four distinct machine learning
algorithms—Logistic Regression, Random Forest,
Extra Tree Classifier, and Gradient Boosting—to
improve prediction performance. The approach
guarantees flexibility across different datasets and
patient profiles by integrating multiple classifiers
with effective feature selection. Because of its strong
and scalable design, this architecture can effectively
manage both small and big collections. The ultimate
objective is to offer a prompt and precise CVD
diagnosis system that contributes to lower death rates
and better patient care.
ii) System Architecture:
A multi-stage pipeline including data collection,
preprocessing, feature selection, and classification
makes up the system architecture for the
identification of cardiovascular disease. In order to
extract pertinent elements that indicate cardiac

activity, ECG data are first gathered and analyzed. To
determine which characteristics are the most useful,
these variables are further subjected to a variety of
selection methods, including FCBF, MRMR, Relief,
and ANOVA. This selection is refined using Particle
Swarm Optimization (PSO), which guarantees the
best feature subsets for model training. To determine
if cardiovascular illness is present or not, the chosen
characteristics are fed into many machine learning
classifiers, including Random Forest, Logistic
Regression, Extra Tree, and Gradient Boosting. A
smooth and effective end-to-end diagnostic process is
ensured by the architecture's additional modules for
data storage, user interaction via a Flask-based
frontend, and result presentation.

R

o 1 5

—
-

Fig.1. Proposed Architecture

iii) MODULES:
a) Data Collection Module
e Collects ECG signal data and patient
records.
e Ensures data is clean, consistent, and
formatted for analysis.
b) Preprocessing Module
e Handles noise removal, normalization,
and transformation of ECG signals.
e Prepares the dataset for feature
extraction.
¢) Feature Extraction Module
e Extracts key statistical and signal-based
features from ECG data.
e Converts raw signals into a structured
format for ML.
d) Feature Selection Module
e Applies techniques like FCBF, MRMR,
Relief, ANOVA, and PSO.
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e Selects the most relevant features to
reduce dimensionality and enhance
accuracy.

e) Classification Module
e Uses ML techniques including Gradient
Boosting, Extra Tree, Random Forest,
and Logistic Regression.
e Predicts the presence of cardiovascular
disease based on selected features.
f) Performance Evaluation Module
e  Precision, recall, accuracy, and F1-score
are all ways to measure how well a
model works.
e Compares different classifiers to
determine the best-performing model.
g) User Interface Module
o Developed using Flask with HTML,
CSS, JavaScript, and Bootstrap.
e Allows users to upload data, view
predictions, and analyze results.
h) Database Module

e Uses SQLite3 to store patient data,
model outputs, and analysis results.
e Ensures data persistence and secure
access.

iv) ALGORITHMS:
i) Gradient Boosting Classifier:
The Gradient Boosting Classifier is an ensemble
learning technique that builds prediction models one
at a time, fixing errors as they are discovered.
Decision trees and other weak learners are
strengthened when combined. This classifier's
accuracy makes it perfect for intricate, non-linear
data patterns. Gradient Boosting enhances the
prediction of cardiovascular illness in the suggested
system by capturing subtle ECG-derived feature
patterns.
ii) Extra Tree Classifier:
This classifier uses random splits to create several
decision trees, then averages the results to provide
predictions that are more accurate. To reduce
variance and expedite training, it uses random cut-
point selection for node splitting rather than
conventional decision trees. The Extra Tree Classifier
did a good job of identifying patterns of sickness
utilizing the best ECG data..
iii) Random Forest:
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The most often used classification is provided by the
Random Forest classifier, a well-liked ensemble
classifier that makes use of several decision trees. To
manage high-dimensional data and reduce overfitting,
many trees are averaged. In order to detect
cardiovascular disease with high accuracy and
reliable predictions, the proposed architecture uses
Random Forest to classify patients based on optimal
features.

iv) Logistic Regression:

Logistic regression uses one or more input elements
to figure out how likely it is that a result will fall into
one of two categories. It is efficient, easy to interpret,
and suitable for cases where the relationship between
input variables and the outcome is linear. In this
system, Logistic Regression serves as a baseline
model to evaluate the performance of more complex
classifiers and contributes to the comparative analysis
of classification results.

v) Voting Classifier (AdaBoost DecisionTree +
ExtraTree):

To provide a final classification, the Voting Classifier
(AdaBoost DecisionTree + ExtraTree) combines
predictions from many models, including AdaBoost
with Decision Trees and ExtraTree. It combines the
best characteristics of classifiers. Our study's CVD
detection is enhanced by this ensemble approach,
which combines results from many models.

vi) ANOVA FS with PSO:

By comparing classes, PSO and ANOVA choose key
attributes. PSO enhances selection, whereas
ANOVA establishes the significance of each trait.
This method enhances CVD detection capabilities in
our project. It increases diagnosis accuracy by
training classifiers using the most important features.

vii) MRMR FS with PSO:

MRMR selects features with the least amount of
overlap and the greatest amount of relevance by using
PSO. To improve model performance, PSO
optimizes feature selection. In our experiment,
MRMR with PSO enhances CVD diagnosis by
improved ECG feature selection.

viii) Lasso FS with PSO:

When combined with Particle Swarm Optimization
(PSO), this technique penalizes less significant
attributes in order to choose features. Lasso is
optimized using PSO to choose important features.
This method increases prediction accuracy and
removes overfitting, which enhances CVD diagnosis.
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iX) FCBT (Correlation) FS with PSO: e = _—
By correlating features with the target variable, the ————— _—— R —
Fast Correlation-Based Filter (FCBF) with PSO S —_ —
maximizes feature selection. PSO is beneficial to
FCBF. In our study, FCBF with PSO enhances the ———
selection of ECG features for CVD diagnosis. —_— e
X) ReliefF FS with PSO: IS FoS—

The effectiveness of features in identifying classes is
how ReliefF with PSO assesses feature significance.
PSO is used to optimize this assessment. ReliefF with
PSO enhances feature selection in our CVD detection
research by focusing on traits associated with
cardiovascular disease.

4. EXPERIMENTAL RESULTS
The efficiency of the suggested method in the early
diagnosis of cardiovascular disease (CVD) was
thoroughly assessed utilizing a dataset of ECG
signals and related patient data. The most pertinent
features were first extracted from the dataset using a
variety of feature selection approaches, including
FCBF, MRMR, Relief, ANOVA, and PSO. These
methods preserved important information required
for precise classification while drastically reducing
the dimensionality of the input data. Random Forest,
Logistic Regression, Gradient Boosting, and Extra
Tree Classifier were trained using the best feature
sets.
With a 100% accuracy rate on the provided dataset,
Extra Tree and Random Forest outperformed all other
classifiers. These findings demonstrate how well tree-
based ensemble models can predict outcomes when
paired with reliable feature selection techniques.
Particularly noteworthy was the FCBF approach,
which  continuously chose characteristics that
enhanced classification accuracy. Additionally, tests
on both small- and large-scale datasets validated the
suggested system's efficacy and scalability. The
thorough examination of accuracy, precision, recall,
and F1-score confirmed that the system is dependable
and appropriate for real-world medical applications
that try to lower mortality from CVD.
Accuracy: The ability of a test to differentiate
between healthy and sick instances is a measure of its
accuracy. Find the proportion of analysed cases with
true positives and true negatives to get a sense of the
test's accuracy. Based on the calculations:
Accuracy = TP + TN /(TP + TN + FP + FN)
(TN +TP)

Accuracy = T

Precision: The accuracy rate of a classification or
number of positive cases is known as precision.
Accuracy is determined by applying the following
formula:
Precision = True positives/ (True positives + False
positives) = TP/(TP + FP)

TP

Precision = m

——
3

X o M

\
=l O

Recall: The recall of a model is a measure of its
capacity to identify all occurrences of a relevant
machine learning class. A model's ability to detect
class instances is shown by the ratio of correctly
predicted positive observations to the total number of

positives.
TP

(FN+TP)
F1-Score: A high F1 score indicates that a machine
learning model is accurate. Improving model
accuracy by integrating recall and precision. How
often a model gets a dataset prediction right is
measured by the accuracy statistic..

(Recall - Pre cision)

Recall =

F1=2-
(Recall + Pre cision)
|p——— o P
jr— [r—] I=——-1
[ f—— —_—
| o— e
] e e
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Fig 4: Predicted results
5. CONCLUSION
This study identified and categorized cardiovascular
disease (CVD) using machine learning algorithms
and appropriate feature selection.  The suggested
approach demonstrated that feature selection
improves the CVD prediction of ML systems. The
following feature selection methods were examined
in the study: LASS, MRMR, FCBF, Relief, and
ANOVA. At 78% accuracy, FCBF performed best
with RF and Extra Tree models. Large CVD
datasets may be analyzed by FCBF to find important
features. The study also looks at a feature selection
and optimization method tailored to a particular
dataset. On large datasets with primarily categorical
data, such as the one used in this work, FCBF may
highlight important features and improve machine
learning methods for CVD prediction..
6. FUTURE SCOPE
There is a lot of room for future improvements and
practical implementation of the suggested method in
medical settings. Using deep learning methods, such
CNNs, to enhance feature extraction from
unprocessed ECG data is one encouraging avenue.
Continuous and  proactive identification  of
cardiovascular illness may be made possible by the
addition of real-time data from personal health
monitors. To increase the model's generalizability,
future research may also include expanding the
dataset to include more varied populations.
Additionally, the system may be turned into an easy-
to-use mobile or web application for remote
diagnosis, facilitating telemedicine and assisting

medical professionals in creating individualized
treatment plans and early interventions.
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