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ABSTRACT: Cardiovascular disease is one of
the most common causes of death in our
modern society, and its forecasting remains
an outstanding challenge in medical data
analysis. Machine learning (ML) has proved
successful in explaining large amounts of data
generated in healthcare, ensuring accurate
predictions and early diagnoses. Machine
learning algorithms have proven significant
in deferring the initiation of cardiac disease
and preventing it from causing damages to
victims. These advancements have facilitated
doctors and scientists all over the world to
identify patterns that ensure the early
diagnosis of heart issues. Cardiovascular
disease remains to give a serious global health
issue in modern medicine, significantly
impacting growing mortality rates. If left
undetected in time, it can lead to severe and
life-threatening results. Multiple
methodologies, such as electronic health
records, persistent physiological monitoring,
and wearable medical sensors, are utilized to
keep track of patients’ health states. As a
result of the relentless and copious amounts
of data generated by the human body, data
mining processes are critical in the proper
classification of health information. Accurate
classification is important because immediate
detection of cardiac disease is crucial to
proper intervention. Recognition among
many doctors and researchers reveals that
difficulty in diagnosing heart disease in the
early stages greatly accounts for its high
mortality rate. Therefore, timely and
accurate diagnosis is an essential issue in
healthcare.
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I. INTRODUCTION

Healthcare is a wide range of fields, focusing on
the prevention, diagnosis, treatment, and care of
diseases affecting individuals and society. Its services
are diverse, ranging from medical evaluations,
interventions, psychiatric support, and public health
services. A wide range of specialists, such as
physicians, nurses, therapists, and researchers, work
together to ensure patients' overall well-being,
addressing their physical, mental, and emotional
health. Along with clinical care, healthcare
encompasses health education, prevention of disease,
and promotion of wellness, all of which contribute to
improved quality of life.

Cardiovascular disease is prevalent and serious
iliness, deeply entangled with the large healthcare
system [1]. Because it is one of the predominant
reasons for disease and death across the globe,
cardiovascular disease showcases the important
responsibility that healthcare carries for responding
to public health threats. Cardiovascular disease
involves various diseases of the heart and blood
vessels, including heart failure, coronary heart
disease, arrhythmias, and valvular disease.
Healthcare professionals diagnose these disorders
through medical evaluation, advanced imaging
techniques, and diagnostic tests.

The management of cardiac disease involves a
multidisciplinary approach, including lifestyle
changes, pharmacologic interventions, and surgical
interventions. Healthcare operations that encourage
heart-healthy habits, raise awareness, and encourage
early detection are imperative in reducing its
occurrence, depicting the intricate connection
between healthcare and public health.

Cardiovascular diseases represent the leading
international cause of death. The World Health
Organization reported in 2016 that cardiovascular
conditions caused about 18 million deaths. Heart
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disease, stroke, and high blood pressure in the United
States are among its top causes of death, of which
coronary heart disease (CHD) takes about one-
seventh of deaths, or approximately 3 million deaths
annually. The country accounts for about 7.9 million
cases of myocardial infarction, or about 3% of adult
heart attacks. Heart attacks in 2015 caused 1 million
deaths in a single country. Heart disease symptoms
are varied and can include chest tightness,
discomfort, pressure, dyspnea, disorientation,
syncope, arrhythmias, limb pain, and fatigue.
Arrhythmia, myocarditis, heart failure, congenital
heart disease, mitral regurgitation, and dilated
cardiomyopathy have distinctive symptoms. Risk
factors include old age, genetic predisposition,
smoking, physical inactivity, drug abuse, high
cholesterol,  hypertension,  obesity, diabetes,
psychological stress, and poor cleanliness.

Because of the severity of cardiovascular diseases,
it is important that early screening is done for
diagnosis. Various diagnostic tests are used by
healthcare professionals, including blood glucose and
cholesterol  tests, blood pressure  checks,
electrocardiograms (ECG), ultrasound scans, cardiac
CT scans, calcium scoring, and stress tests [2].
However, the screening process is time-consuming
and requires a lot of manual Labor and human
involvement. Various categories of heart disease are
depicted in Fig. 1.
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Fig. 1. Categories of Heart Disease

1. CARDIOVASCULAR DISEASE SIGNS AND RISK FACTORS

Chest, arm, left shoulder, elbow, jaw, or back pain
or discomfort can indicate a cardiovascular issue.
Other symptoms include respiratory distress, thoracic
constriction, nausea, emesis, vertigo, diaphoresis,
and pallor [3]. Women are more likely than men to
experience dyspnea, nausea, emesis, and back or jaw
discomfort. A stroke is often signalled by sudden
paralysis on one side of the face, arm, or leg. Prompt
medical treatment is necessary for patients with these
symptoms. Main behavioural risk factors for

cardiovascular illness and cerebrovascular accidents
include poor nutrition, a lack of physical activity, and
smoking as shown in Fig. 2. These behaviours
contribute  to  hypertension,  hyperglycemia,
dyslipidemia, and obesity—all of which are known
as "intermediate risk factors." These risk factors,
detectable in outpatient settings, significantly
increase the risk of stroke, myocardial infarction, and
heart failure. Research shows that smoking cessation,
salt reduction, higher fruit and vegetable intake,
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regular physical activity, and moderate alcohol
consumption can reduce the risk of heart disease.
Promotion of healthy lifestyle choices that are
affordable and accessible is important since many
cardiovascular risk factors are preventable and
modifiable. Historically, diagnosis of heart disease
was reliant on medical history, laboratory testing, and

clinical examinations. Angiography is one of the
most accurate diagnostic methods; however, it is
encumbered by high expenses, potential side effects,
and the need for specialist skill. Further, conventional
diagnosis techniques are often cumbersome and
subject to human error.

Physical
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Fig. 2. Risk Factors of Heart Disease

I11. RELATED WORK

review of methods and their results of existing research papers.

Various machine learning algorithms have been utilized to predict heart disease. Table | displays the

TABLE I: Review of various Existing Techniques Used for Heart Disease Prediction

REF.

Methodology used

Findings

Results

(3]

» Several machine learning
models were trained,
including logistic regression,
random forest, and neural
networks.

* Exploratory data analysis

* The study developed a heart
attack prediction model using
machine learning techniques
on a dataset of 303 patients
with 14 features.
* The model was trained and
tested to evaluate its accuracy
in predicting heart attack risks.

was conducted to understand | « Findings suggest that
variable distribution and | machine learning can
relationships. significantly improve early

detection of heart attack risks,
potentially reducing mortality
rates.

 The observed recall value achieved
in the study was 93.33%.
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* Models utilized include
Decision Tree, Naive Bayes,
and Multilayer Perceptron

(MLP).

e The MLP model is
configured with  specific
hyperparameters:  sigmoid

activation, learning rate of
[4] 0.01, 100 epochs, and batch
size of 32.

* The dataset consists of 1025
tuples and 11 attributes,
including age, gender, and
cholesterol levels.
* Model evaluation metrics
include accuracy, precision,
recall, and F1 score.

* The study proposes various
machine learning and deep
learning models for heart
disease prediction using a
large dataset of patient traits.
* The research emphasizes the
importance of early detection
and precise prediction for
effective heart disease
treatment and prevention.

* The Decision Tree model achieved
the highest accuracy of 98.04% in
heart disease prediction.

¢ The Multilayer Perceptron (MLP)
model showed a 95.51% accuracy
for binary classification.
*+ Naive Bayes and Logistic
Regression models had accuracies of
83.12% and 84.48%, respectively.

* The study integrates graph-
based techniques and
community detection with
machine learning to enhance
heart disease classification
[5] accuracy.

* Graph conversion and
encoding  methods  are
applied to enrich feature sets
for machine learning
classifiers.

* The research highlights the
importance  of  capturing
complex relationships within
heart disease datasets for
better diagnostic outcomes.
 Limitations include a small

dataset of 1190 samples,
which  may affect the
generalizability of the
findings.

* Future research should focus
on validating techniques on
larger, more diverse datasets to
enhance clinical applicability.

* The study achieved a remarkable
accuracy of 94% in heart disease
classification using graph-based

techniques and community
detection.
o The research highlights the

importance of capturing complex
relationships within heart disease
datasets.

* The study proposes a hybrid
technique combining genetic
algorithms, PCA, SVM,

* The study demonstrates that
machine learning can
effectively predict the risk of

o The study demonstrates that

decision trees, naive bayes, | heart disease. | machine learning techniques can
and random forests for | « Hyperparameter tuning | significantly improve heart disease
[6] cardiac disease prediction. | improved accuracy scores for | diagnosis accuracy, with SVM
e The study implements | various machine learning | achieving 86.53% accuracy.
machine learning models, | models. * Decision tree algorithms showed
including decision trees, | « The Framingham Heart | the highest accuracy of 93.19% for
random forests, SVM, and | Study dataset was utilized to | predicting heart failure.
ANN, to improve diagnostic | train and evaluate the
accuracy. algorithms.
* The study employed a Grid | « The study proposed a Grid
Search Cross Validation | Search  Cross  Validation . . .
. - * The study achieved a classification
(GridSearchCV) approach to | model to enhance heart disease .
P A~ accuracy of 98.57% using the
optimize  hyperparameters | prediction accuracy. .
. . . o proposed Grid Search  Cross
for various machine learning | * The research highlighted the e :
. . . Validation model with Extra Trees
[7] models. importance of  fine-tuning L
. . . classifier.
 Multiple machines learning | model parameters for .
i . . * Random Forest model yielded a
models, including Random | improved performance. .
, . maximum accuracy of 94.63%
Forest and Extra Trees, were | ¢ Pearson's correlation

utilized heart

disease.

to predict
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* The methodology involved
training models with k-fold
cross-validation to ensure
robust evaluation.

select the best features.
* The findings indicate that
modern unhealthy lifestyles
contribute  significantly to
rising heart disease cases.

* The paper employs machine
learning algorithms,
including KNN, SVM, and
ANN, for predicting heart

* The research emphasizes the
importance of various
attributes, such as alcohol and

disease probabilities. | tobacco  consumption, in « The paper achieved an aceuracy of

* Data cle.aning. was | predicting  heart Qisease. 96% pgz%/o and 99.6% for S\}/IM

performed to identify and | « Future work may include KNN én d A.NN mo delé
[8] handle null values in the | refining attributes and res eé:tivel

dataset. incorporating biomarkers for | A?\IN ou yérforme d both SVM and

» Correlation analysis of | improved predictions. KNN in aéléurac

attributes was conducted | + The findings suggest that y

using a heat map to | machine learning can enhance

determine the best predictors. | clinical decision-making in

heart disease detection.

* The research employs K- | « The research focuses on

Nearest Neighbor (KNN) | predicting heart disease using

and Support Vector Machine | various  machine learning | K-nearest neiahbor and suboort

(SVM) algorithms for heart | algorithms, emphasizing the vector machineg alqorithms F\)ISere

disease prediction. | importance of early detection. hiahliahted for theirg 00d accurac

* KNN classifies data by | « The study highlights the ing gre dictin he%rt diseasg

checking the nearest | necessity of accurate P g '
[9] . . . * Various algorithms were evaluated,

neighbors and performing | prediction systems due to with random forest achieving an

voting or averaging. | rising heart disease cases. accuracy of 95.63% in one studg

* SVM is utilized for both | ¢ Various algorithms, Y ’ y

linear and non-linear | including logistic regression

separable problems, mapping | and decision trees, were

data into high-dimensional | evaluated for their predictive

space. capabilities.

* The study emphasizes the

|m_portance 9f employing | A Wilcoxon Signed Rank test

suitable techniques to handle . S

- confirms the significance of . .

missing data for robust the results. with a null | The proposed imputation model

research outcomes. hvoothesis ' indicatin achieves an average classification

« It highlights the use of data i%prove d  accurac witg accuracy of 88% with imputation,
[10] mining as a powerful tool for imputation y compared to 79.8% without it.

extracting insights in |, ]Phe Cat].300$t classification | - The model outperforms traditional

cardiovascular disease alqorithm is effective for both imputation methods like Mean,

research. g Median, Most Frequent, and KNNI.

categorical and numerical data
in the model.

IV. PERFORMANCE MATRICES
FOR HEART DISEASE
PREDICTION USINF ML

The Model performance can be evaluated using a
confusion matrix, containing True Positive, True
Negative, False Positive, and False Negative values,

which are used to derive various parameters.

| Impact Factor value 7.52 |

ISO 9001: 2008 Certified ‘Journal

Page 526



ISSN: 3048-6874

' ‘ International Journal of Humanities Social Science and Management (IJHSSM)
" Volume 5, Issue 2, Mar.-Apr., 2025, pp: 522-528
www.ijhssm.org

Accuracy: Accuracy refers to the proportion of
correctly predicted cases in the proposed approach,
as described by Equation (1):

TP+TN

Accuracy = —
Y = TPTN+FP+FN

€

Where TP, TN, FP, and FN represent true
positive, true negative, false positive, and false
negative, respectively.

Precision (PR): The ratio of correctly predicted
positive instances by the classifier to all instances
predicted as positive by the classifier, as depicted in
equation (2):

V. CONCLUSION

This paper discussed the value of machine
learning (ML) techniques in predicting cardiac
disease based on the interpretation of complex
medical information. As a result of the increasing
prevalence of cardiovascular disease, early detection
through machine learning models is necessary to
improve patient outcomes and lower mortality rates.
The study reviewed various supervised learning
algorithms. Despite the promising advances in
machine learning-based cardiac disease prediction,
certain challenges remain. The quality and diversity
of medical datasets have a significant impact on the
accuracy and generalizability of models. Data
imbalances, missing values, and privacy concerns
pose challenges to widespread deployment. In
addition, the integration of machine learning models
into clinical care requires cooperation between
healthcare professionals and data scientists to ensure
interpretability, reliability, and ethical concerns.
Trust in ML-based diagnostic tools can be improved
by solving these issues using advanced data
preprocessing techniques, stringent validation
protocols, and explainable Al frameworks. Future
studies should focus on developing hybrid models
that combine different approaches to improve
predictive performance. In addition, applying deep
learning and neural networks in conjunction with
real-time monitoring systems, such as wearable
devices and Internet of Things (10T) applications,
can revolutionize early detection and personalized
treatment strategies. Utilizing cloud-based machine
learning systems for remote diagnosis and
continuous patient monitoring can improve the
management of cardiac disease. Machine learning
methods have great potential in predicting cardiac
disease based on early detection, risk assessment,
and specific treatment advice. Despite limitations
present, ongoing research and advancements in
technology will bridge the gap between machine

TP
TP+FP

PR =

@

Recall (RE): The ratio of correctly predicted
positive instances by the classifier to all instances
those are actually positive, as displayed in equation
@)

TP
~ TP+FN ®)

F1-Score: The harmonic mean of precision and
recall can be represented using this parameter as
defined in equation (4):

RE

FS = 2.PR.RE (4)
PR+RE

learning-based predictions and real-world clinical
implementation.
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