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Abstract

Heart Disease (HD) is among the maximum prevalent diseases today, and to a healthcare- providing
society, it is extremely important to collaborate with them to maintain their patients' health and save
their lives. In this plan, various classifiers were tested based on performance comparison to classify the
heart disease dataset to classify it accurately and/or to Predict Heart Disease cases with fewer features.
The machine learning activity can have an important part to play in the healthcare industry. The
healthcare industry collects a large amount of medical information, and it is impossible to find the
unseen information to make effective decisions. Prediction system of Heart disease through more input
features. The method incorporates medical words such as blood pressure, cholesterol, and sex. Thirteen
factors, including family history, smoking, poor diet, high blood pressure, high blood cholesterol,
obesity, physical inactivity, and hypertension, might predict a patient's risk of heart disease prediction
Based on our outcome’s accuracy of Decision Tree Support Vector machine, and random forest
respectively. Our evaluation demonstrates that among these three classification models support vector
machines predict heart disease with the best accuracy. Early results demonstrate high prediction
accuracy, which means machine learning may render heart disease prediction more accessible and
effective.

Keywords: Heart Disease Prediction, Machine Learning, Predictive Analysis, Random Forest (RF),

Support Vector Machine (SVM), Decision Tree
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Introduction

Machine learning as a buzzword of the last
few years, perhaps the cause lies in the
immense amount of data generation by
application, the rise of totaling power Over
the last few years, and the emergence of
improved algorithms. Every industry aims
to gain from machine learning, which is
used for everything from automating
repetitive tasks to generating insightful
information. It may already be a feature of
a product you use. For example, a smart
home gadget like Google Home or a
wearable fitness and health tracker like
Fitbit. There are numerous additional
instances of ML. Heart disease causes
approximately 31% of global deaths each
year, fueled by conditions such as sedentary
lifestyles, diets, stress, and genetic
susceptibilities.  Timely diagnosis is
important to avoid complications and
enhance quality of life. Limitations of
Traditional Diagnostic Techniques:

Conventional diagnostics (e.g., ECGs,
stress tests) are complex and need trained
staff and specialized equipment, making
them less accessible in  resource-
constrained environments and causing
delays in treatment and diagnosis. Machine
learning has the potential to benefit
healthcare by comparing large amounts of

patient information to find patterns that
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assist in early diagnosis and prevention,
with the potential to relieve healthcare
system pressures. Random Forest, an
ensemble technique, is good at dealing with
large, complex data sets, giving insights
into feature significance (e.g., cholesterol,
blood pressure), and minimizing overfitting
to enable model generalization to other
patient populations.

Support Vector Machine (SVM) is good at
binary classification, especially in high-
dimensional data sets, thus enabling the use
of heart disease prediction in discrimination
between "at risk" and "not at risk"
individuals. The integration of Random
Forest's feature importance evaluation and
SVM's acute classification borders makes a
stable prediction framework, allowing
clinicians to make educated, data-based
choices and assisting proactive medicine

with the early identification of risks.

Literature Review

In this paper [1] Coronary Heart Disease
(CHD) is still among the top morbidity and
mortality causes in the world, and as such,
it is necessary to develop early detection
and prediction for enhanced patient
outcomes.  This experimental study
analyzes the use of different machine
learning (ML) algorithms to predict CHD

risk. The research employs a dataset with
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vital health indicators, such as age,
cholesterol levels, blood pressure, smoking,
and family heart disease history, to train and
test various ML models like logistic
regression, decision trees, random forests,
SVM, and neural
experimental findings show that ensemble

networks. The

approaches such as random forests and
neural networks deliver the best predictive
performance, whereas more simple models
such as logistic regression yield a trade-off
between interpretability and accuracy.

In this paper [2] A survey on heart disease
prediction methods by machine learning
can investigate several different approaches
and models that have been utilized for heart
disease prediction possibility based on
several different risk factors, including age,
gender, cholesterol level, blood pressure,
smoking status, exercise, and history of
heart disease. Here is a summary of some of
the major machine learning methods that
are popularly applied to heart disease
prediction: Logistic regression is employed
for predicting the likelihood of a categorical
dependent variable. In heart disease
prediction, it is utilized for determining
based on a person's features whether they
are at risk for heart disease.

This paper [3] suggests a predictive
analysis framework for heart disease that
uses machine learning techniques to
identify key variables and predict a patient's

likelihood of developing heart disease.
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Several machine learning algorithms,
including logistic regression, are used by
the framework. Random Forest, Support
Vector Machine (SVM) and Neural
Networks, to investigate various health
parameters such as blood pressure, age,
cholesterol, and ancestral histories of heart
disease.

In [4] this article Coronary Heart Disease
(CHD) is still a major global health
concern, and early detection is essential to
reducing morbidity and death. Using
machine learning algorithms on the
Cleveland dataset, which contains patient
data on a variety of cardiovascular risk
factors like age, sex, blood pressure,
cholesterol levels, electrocardiographic
findings, and exercise- induced angina, the
current study aims to predict coronary heart
disease (CHD) early. Data cleaning,
normalization, and feature selection are
examples of preprocessing tasks that are
carried out to enhance the models'
performance.

In this article [5] The ability to predict and
diagnose heart disease early is crucial to
healthcare since it remains one of the
leading causes of death worldwide. The use
of machine learning techniques to predict
heart disease based on various clinical
parameters, such as age, blood pressure,
cholesterol, electrocardiogram results, and
family history, is investigated in this study.

According to this paper [6], early diagnosis
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can significantly improve treatment
outcomes and lower death rates, making
heart disease prediction a significant
healthcare issue. This study will investigate
the potential of machine learning
techniques in the prediction of heart disease
based on biomedical data, including clinical
characteristics like age, sex, blood pressure,
cholesterol level, ECG data, angina brought
on by exercise, and other comparable health
indicators

The Cleveland Heart Disease dataset offers
a comprehensive set of patient data, while
other publicly available sources provided
the data used in this analysis. To improve
model performance, crucial preprocessing
methods like data cleaning, feature
selection, and normalization are used. The
effectiveness of  machine  learning
algorithms in predicting heart disease is
demonstrated by this study, which has
significant  implications  for  early
intervention and clinical judgment. In order
to facilitate prompt diagnosis and
preventive care, the findings demand that
machine learning tools be incorporated into
health systems.

In this article [7] Early detection is crucial
in lessening the impact of heart disease,
which is one of the leading causes of death
worldwide. Through a hybrid machine
learning model that leverages the
advantages of multiple algorithms to

increase prediction accuracy and reliability,
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this study provides a useful approach for
heart disease prediction. It seeks to improve
predictive performance by balancing their
distinct advantages and disadvantages. The
Cleveland Heart Disease dataset, which
includes several health parameters like age,
sex, blood pressure, cholesterol, exercise-
induced angina, and other significant
factors, is used in this study. Data
preprocessing techniques such as feature
selection, missing value handling, and
normalization are used to prepare the data
for model training.

The results show that the hybrid machine
learning model outperforms single models
in terms of accuracy and generalization. It
is a very promising method for the early
detection and prevention of heart disease
because the strength of using multiple
algorithms increases the overall predictive
strength. This research highlights the
applicability of using hybrid machine
learning models to enable better healthcare
through more precise and dependable
predictions for timely decision-making and
intervention strategies for clinicians.

In this paper [8] This work suggests a Heart
Disease Identification Method based on
machine learning classification methods,
specifically created for embedding within
healthcare systems. The work intends to create
an automated, efficient, and precise model for

the diagnosis of heart disease based on

biomedical information such as age, gender,
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cholesterol level, blood pressure, family history,
electrocardiogram readings, and exercise-
induced angina, among others. Data
preprocessing methods like feature scaling, data
cleansing, and filling missing values are
included in the process to provide high-quality
inputs to the models.

This article [9] One of the leading causes of
death worldwide is still heart disease, and
reducing risks and improving patient
outcomes depend on early detection. This
paper offers a comprehensive review of
several machine learning techniques used
in heart disease prediction, assessing their
benefits, drawbacks, and applications. The
use of several algorithms, such as ensemble
learning techniques, K- Nearest Neighbors
(KNN), Support Vector Machines (SVM),
Random Forest, Decision Trees, Logistic
Regression, and Artificial Neural Networks
(ANN), for the identification of heart
disease risk factors is covered in the article.
The preprocessing steps involved in the
survey include data cleaning, feature
scaling, normalization, and missing value
handling, which are key factors influencing
the performance of the predictive models.
The findings of several studies indicate that
algorithms like Random Forest and SVM
tend to perform better than other algorithms
in prediction accuracy and reliability. This
survey concludes by highlighting the
promise of machine learning in enhancing

the early diagnosis of heart disease,
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allowing for timely intervention and
improved management of patient health.

In this paper [10] Forecasting heart rates is
an important element in determining
cardiovascular well-being and controlling
conditions like arrhythmia, hypertension,
and heart disease. The research here seeks to
present a predictive heart rate analysis
based on many machine learning methods
using biomedical data from age, weight,
activity level, blood pressure, and past heart
rate records. The objective is to build a
model that will predict a person's heart rate
during various physiological states so that
healthcare practitioners are better able to
monitor and take care of a patient's
cardiovascular health. The data for analysis
comprises time-series records of heart rate
values obtained from wearable sensors and
clinical trials, with a variety of inputs to
reflect real-world conditions. The data for
analysis comprises time-series records of
heart rate values obtained from wearable
sensors and clinical trials, with a variety of
inputs to reflect real-world conditions.
Preprocessing steps involving missing
value handling, normalization, and feature
extraction are carried out to enhance the
performance of the models. The models are
then tested based on critical performance
indicators, including mean squared error
(MSE), accuracy, and R-squared to see how
accurately they can predict and withstand

real-world situations. The results show that
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ensemble models such as Random Forest
and neural networks provide better
performance in heart rate prediction,
especially in terms of capturing non-linear
relationships among  features.  This
predictive model offers a valuable tool for
medical applications, allowing for constant
monitoring and early detection of abnormal
heart rates and hence ensuring personalized
health care. The research also points to
future developments in the integration of
real-time  monitoring  systems  like
wearables with machine learning models

for better and timelier heart rate prediction.

Methodology

To build an automatic predictive model
based on Decision tree, Random Forest, and
SVM-based predictors for the risk of heart
disease in predicting the values with
historical patient data. Determine and
compare the performance of the Random
Forest and SVM models to be able to
identify which one is best suited for the
prediction of heart disease in terms of
factors like accuracy, precision, recall, and
F1 score for clinical purposes. To analyze
and rank the clinical and demographic
features, that may result in heart disease,
such as cholesterol, high blood pressure,

age, lifestyle, etc.,

VOLUME 1, ISSUE 3 | APRIL-JUNE 2026

S.E.A. MULTIDISCIPLINARY JOURNAL OF RESEARCH (SEAMJR)

Support Vector Machine

To achieve classification, SVM optimizes
the margin between two classes by
subtracting the hyperplane. The support
vectors are the vectors (cases) that define
the hyperplane. Support vector networks, or
SVMs, are supervised learning models in
machine learning that scan data for
regression and classification using related

learning methods.
SVM Type 1 Classification

The error function is minimized to prepare
for such an SVM:

1 i
T i
> > /C
W u+C$17:

Subject to the constraints:

v (wid(x,)+b)21-£ and £, 20,i=1, N

This represents parameters for processing
no separable data (inputs), where C is the
continuous capacity, w is the vector of
coefficients, and b is a constant. N training
cases are designated by index i. represents
the independent variable, and xi represents
the class label. Data is mapped from the
input (independent) to the article space
using the kernel. It should be mentioned
that the punishment for the error increases
with the C. Therefore, to avoid overfitting,

C should be carefully chosen.
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Random Forest

A new deep learning algorithm that is
categorized as a controlled learning
technique is called Random Forest. It can be
applied to DL issues involving both
classification and regression. It is based on
the concept of ensemble learning, which is
the process of combining numerous
classifiers to improve the model's
performance and solve a challenging issue.
Random Forest Prediction:

Classification: The final output of the
Random Forest model is determined by
majority voting (or mode) of all the

decision trees

:0 = mode (fl(m)v f2($)a . 7fK(:E))
Where
Fi(x), f2(x), - .., fx(x)

are the predictions from each tree.

Random Forest’s Formula in General Terms
1 K
i = e ; fr(z) (for regression)

Decision Tree

Decision tree is a supervised learning
algorithm used for both classification and
regression tasks. It works by dividing data
into subsets according to feature values,
with each division leading to branches that
are decisions. We employ a method to

construct a decision tree that splits the data
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in @ manner that subsets are as "pure" as
possible. For classification, the most
frequently utilized criterion is Gini
Impurity or Entropy (Information Gain).
For regression, we may utilize the Mean
Squared Error (MSE). 1Gini Impurity (for
classification)

The Gini Impurity of a node t is calculated
as:

Gini(t) =1 — Zp’

Where: -

e  Cis the number of classes.

e pi is the probability of the class iii at

node t

Architecture Diagram

Heart

Dataset

P Random ) .
rocess Testing Training

. Forest, > >
the input Dataset dataset
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Predictive Heart
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Experimental Results

In order to predict Heart Disease from the
given data set instances, this study uses
classification methods such as the SVM
algorithm and the Decision Tree Random
Forest algorithm. The performance of the
proposed methods is assessed using the

Python Flask tool on the Heart Disease
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dataset. The main organ in the human body

is the heart.

Dataset

The open-heart disease database is used.

There are 1026 records in the Heart Disease

database and 1026 records in the Stat log
Heart Disease database [12]. The set

includes the following five types of

attributes: input, predictive, key, and other

types.

Dataset Description:

Age: The patient's age (int).

sex: The patient's gender; O for female
(int), 1 for male.

cp: kind of chest pain (int); atypical
angina, nonanginal pain, atypical
angina, and asymptomatic are the four
possible outcomes.

The resting blood pressure (mm Hg)
(int) is known as trestbps.

chol: Level of serum cholesterol
(mg/dI)

Fasting blood sugar (FBS) > 120 mg/dl,
true =1, false = 0.

resting ECG findings (int); 0: Normal,
1. Abnormal ST-T wave, and 2:
Indicates suspected or confirmed left
ventricular hypertrophy.

Thalach: The highest heart rate attained
(int).

exang: Exercise-induced angina; 0 (int)
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if not, 1 otherwise.

Oldpeak: Depression brought on by
physical activity as opposed to rest
(float).

The slope of the peak workout ST
segment (int) can be classified as either
upsloping, flat, or downsloping.

ca: The number of significant vessels
that fluoroscopy has colored (float).
Thalassemia; 3: Normal;, 6: Defect
Fixed; 7: Defect Reversible (float).
num: Diagnosis of heart illness (int); O:
No disease, 1-4: Increasingly severe

disease

Result Analysis Main Page

Fig (a): Dataset Pre-processing

Fig (b): Dataset Datatype details
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Accuracy of Random Forest: 99.51219512195122
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Performance Analysis

The word Heart disease is used for the
blood vessel system & heart disease in it.
Several factors have been discovered that
increase the risk of Heart disease: Family
history, Smoking, Unhealthy diet, High
blood pressure, High blood cholesterol,
Obesity, Physical inactivity, Hypertension,
etc., Factors such as these are employed to
study Heart disease. In most instances,
diagnosis is mostly the patient's present test
result & physician's experience. The
diagnosis is therefore a compound task that
requires a lot of experience & high level of
skill.
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Table 4.2 Performance Analysis

Model Accuracy | Score
Decision 97 97.07
Tree
SVM 97 97.56
Random 9951 | 099
Forest

Chart 4.2 Performance Analysis

ACCURACY

Conclusion

Approximately 18 million individuals 7%
of Indians suffer from heart disease. Heart
disease is most common in the 65-above age
group. This paper primarily discusses three
various classes of heart diseases namely
coronary artery disease, cardiovascular
disease, and cardiomyopathy. The overall
goal of this work is to predict solely the
existence of heart disease. In this thesis,
additional input attributes of portliness and
smoking are taken to achieve additional
precise results. Heart disease is a frequent
cause of death all over the world, and earlier
detection results in an improved clinical
outcome for patients. In this study, Random
Forest (RF) and Support Vector Machine
(SVM) have been utilized to forecast heart
disease risk based on patients' past

medical records, this research highlights
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the potential for revolutionizing the
diagnosis of heart disease while enhancing
patient care as well as creating more
effective healthcare systems. In the coming
years, these predictive models will be
integral aspects in driving personalized
medicine and population health outcomes
by way of regular updates in technology
and data.
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