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ARTICLE INFO ABSTRACT

Received: 15 Dec 2024 The critical need for efficient early-stage identification is underscored by the fact that

cardiovascular diseases (CVDs) continue to rank as the top cause of mortality worldwide. It is

very difficult for doctors to make an accurate diagnosis of early-stage cardiac disease. The good

Accepted: 12 Feb 2025 news is that there are now viable options for rapid diagnosis and treatment thanks to
developments in current diagnostic technology. The overarching goal of this study is to draw
connections between the capabilities of ML and DL algorithms for cardiovascular health data
analysis. Improving the precision and consistency of HD prediction models is the main goal.
This study adds to the growing body of knowledge on the use of categorization and predictive
analytics in healthcare, with an emphasis on cardiovascular diseases. Various approaches are
suggested to accomplish this goal, including the use of Al techniques, a hybrid DL methodology
(RNN+GRU) for HD prediction, and a Soft Voting Ensemble (SVE) ML methodology. The
study makes use of a number of machine learning classifiers, such as RF, LR, NB, KNN, GB,
LGB, and AB. Precision rate, Area Under Curve (AUC), F1 Score, sensitivity, and accuracy are
the metrics used to assess the proposed system
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Introduction

Presently, information is dispersed in many forms, such as reports, forms, statistics, etc. All the different sorts of
methods take them as inputs. Technology has been flourishing recently, leading to the discovery of many
approaches and the ongoing process of finding solutions to problems in every industry. In recent years,
technological advancements have made it more easier to pinpoint specific areas of failure and implement rapid
fixes[1] In the health care arena, this rapidly expanding technology primarily plays a vital role. For the purpose of
producing the outcome in the context of real-time, this has been quite helpful[2]

Ensemble learning presents a revolutionary strategy for improving the predictive capabilities of ML models,
particularly in HD prediction. This innovative approach involves the skillful integration of various algorithms,
enabling researchers to take advantage of the unique strengths of each classifier. Across the global research
landscape, there is a genuine exploration of the potential of ensemble machine-learning algorithms to enhance the
precision and analytical depth of predictive models in HD (This method holds promise in refining our
understanding and prediction of heart-related conditions, thus contributing to advances in healthcare. Ensemble
learning proves to be a powerful tool by leveraging multiple classifiers and optimizing the performance of each base
classifier independently. While it does not guarantee success in every scenario, it consistently reduces variance and
often outperforms individual classifier solutions. By selecting specific aggregation techniques, such as majority
voting, boost, or bagging, an ensemble classifier can mitigate the risk of obtaining suboptimal results that might
arise from relying solely on a single classifier system[3]. The ability of ensemble learning to amalgamate insights
from various algorithms in the prediction of HD proves invaluable. The approach enables a more comprehensive
examination of diverse data patterns, contributing to a robust and reliable predictive model. The strategic
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combination of classifiers allows for a holistic evaluation of potential risk factors and intricate relationships within
the data, improving the accuracy and effectiveness of HD prediction models[4]. As researchers continue to refine
ensemble learning techniques, its application in the healthcare domain is a promising avenue for improving
diagnostic capabilities and ultimately advancing patient care. Since less blood reaches the heart muscle, this may
cause arrhythmias, cardiac failure, and heart attacks, among other dangerous consequences. If the heart's blood
supply is inadequate, angioplasty or bypass surgery may be required[5].

Heart disease has been on the rise in recent years, and the major causes of this are people's unhealthy lifestyle
choices, such as not getting enough exercise and eating too many processed foods. Rapid and early detection of
heart disease using intelligent and therapeutic technologies is crucial since patients' lives are put at risk when the
illness progresses to later stages, which may lead to heart attacks. A major obstacle in diagnosing cardiac disease is
patients' unwillingness to take part in research studies. But these studies aren't given much attention since they're
expensive and time-consuming. Some approaches may be used to examine the pattern of the illness by evaluating
information from both healthy persons and patients, which is different from clinical methods for diagnosing heart
disease [6].There has been impressive growth in the use of Al, particularly ML, for supplementary diagnostics in
the last several years, and similar growth in the use of AI for automated detection [7,8,9,10]. A low-cost and
somewhat accurate way to identify disorders like heart disease is possible using ML approaches [11]. Machine
learning (ML) approaches to cardiac illness diagnosis may aid in making an accurate diagnosis with only a few
pieces of information and characteristics, eliminating the need for several invasive clinical trials. Note that although
ML has helped with automated cardiac illness detection, physicians' approval is still an important step in the
process. It is also evident that illness diagnosis based on ML has the potential to boost economic advantages and
make physicians' jobs easier. Automated heart disease prediction is predicted to be greatly influenced by ML
applications in this era of big data, with ever-expanding datasets and innovative ML algorithms [12]. Maltare et al.
(2023) explored the rainfall pattern and groundwater level of the Banaskantha district of Gujarat and predicted a
rise in the groundwater level using Artificial Intellegent such as SARIMA, multi-variable regression, ridge
regression, and KNN regression [23].

Literature Review

Sibo Prasad Patro et.al (2023) Medical professionals are increasingly worried about cardiovascular diseases
(CVD), which account for the vast majority of fatalities globally. High precision in CVD prediction has long eluded
clinical procedures. Not only does machine learning help with clinical prediction, but it also ranks features, which
makes it easier for medical practitioners to understand the results. By giving doctors more tools to make decisions
based on individual patients' needs, the explainable artificial intelligence (XAI) idea hopes to improve diagnosis
and treatment while also resolving the problem of untranslatable models in deep learning and machine learning.
Predicting cardiac problems using a RHMIoT model inside a XAI framework is the goal of this research.[3]

Mamta Gagoriya et.al (2023) Cardiovascular disease is one of the world's most pressing health crises.
Predicting cardiovascular illness is one of the most difficult tasks in medical data analysis. There has been a lot of
progress in using machine learning (ML) to make predictions and decisions from big datasets. This work may
provide a method for determining the likelihood of coronary heart disease and informing patients of their risk. A
wide variety of choices and categorisation methods are used to form the prediction model. This is achieved by
comparing the accuracy of several approaches with the findings of individual hybrid system models, and then
selecting the way that yields the most precise forecasts..[5]

Saini et al. (2021) have come across the fact that several writers have put forward different approaches that have
greatly benefited the medical fields, with a primary emphasis on protecting human life. There are certain downsides
owing to the improper representation of the heart and body, despite the fact that numerous strategies have been
used. These days, medical personnel are able to save a lot of lives because to the widespread use of machine
learning methods in the healthcare industry. In order to better diagnose cardiac illnesses, the scientists have
examined a prediction system that combines SMO and ANN methodologies. With an accuracy rating of 95.4%—the
greatest compared to other conventional methods—this suggested strategy has surpassed the competition in
improving the prediction of cardiac illness. In order to improve accuracy, the authors propose employing massive
datasets that include several feature selection strategies. [11]
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Selvi et al. (2021) have developed a technique consisting of two processes: DBMIR-Distance Based Misclassified
Instance Removal and TLBO-ANN: Teaching and Learning Based Optimization—-TLBO for ANN technique and
applied them in big health application depending on the OANN Optimal Artificial Neural Network for the diagnosis
of heart disease. This developed data are used for big data architecture like the one Apache spark. This operates in
two different phases namely offline and online phase predictions. In the online phase prediction, the model is
trained based on the benchmark dataset and in the offline-phase prediction stage, the data obtained in real-time are
fed to the Apache spark model. Further, the data that are filtered would be diagnosed by the model that has been
trained to obtain the predicted result. The dataset obtained for this proposed technique is based on UCI repository.
The outcomes obtained while the simulation are the sensitivity rate of 97.33 percent, accuracy rate of 95.41 percent,
95.74 percent of F-score rate, 93.23 of specificity and 90.76 percent of kappa value. This implemented technique is
better than the other conventional techniques. This technique could be extended for diagnosing different diseases.
The use of different feature selections and reduction techniques for improving the accuracy rate of classifiers along
with the reduction of computation time is a part of enhancement.[12]

In the work of Mienye et al. (2020), machine learning has made an improvement in the prediction of heart
diseases. This technique has been used to divide the given dataset into smaller subsets using the mean based
splitting algorithm. These separated datasets are modelled using CART-Classification and Regression Tree. The
ensemble dataset is homogenous and it is created using various CART models based on the accuracy depending on
the weighted aging classifiers. It is the advancement given to WAE-Weighted aging classifier. This technique has
illustrated or displayed better performance in an optimal way. The datasets used in this technique are Framingham
and Cleveland datasets. The accuracy rates of 93 percent for Cleveland and 91 percent for Framingham datasets, are
obtained through the proposed technique. The results are analysed using receiver operating characteristics curve
and it has resulted better performance validation. The risk factor of heart disease can be identified effectively using
this deployed machine learning techniques.[16]

Data pre-processing entails transforming raw data into a more understandable format. Dropping or manipulating
data before using it to improve or guarantee performance is also known as pre-processing of data. Given the
difficulty in processing raw data using data mining methods, it is an essential component of the data mining
approach process. Preprocessing data helps reduce data complexity when studying it, which is useful since real-
world data is often dirty[13]. Prior to using algorithms for machine learning or data mining, it is necessary to verify
the data's quality. The usage of algorithms has an effect on the prediction method's accuracy and performance, but
the quality of the dataset and the pre-processing approach are also important considerations. In most cases, the
given datasets will undergo pre-processing before the machine learning algorithms are used. The pre-processing
step is crucial as it creates the datasets and gives them to the algorithm in a way that it can comprehend[14].
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Figure 1 Flowchart of the proposed methodology

It is possible that the acquired datasets have issues such as duplicate or missing data, mistakes, noise, or
redundancy, making them unfit for direct usage with machine learning algorithms. The dataset size is the second
parameter. Analyzing the algorithm, discovering patterns, or making accurate predictions might be challenging
with various datasets due to many reasons. Analyzing the data and using the right data pre-processing approach
may fix these problems. Data pre-processing methods include the following procedures:

(1) Cleaning of data;

(2) Transformation of data;

(3) Missing values imputation;

(4) Normalization of data;

(5) Selection of feature and various steps depending on the dataset nature.

A technique for enhancing data quality, feature selection zeroes down on certain traits to improve. In feature
selection, is used for determining the optimal balance between repetition and significance. Using this feature
selection method during pre-processing will help you maximize the effectiveness of your data reduction efforts. This
helps get the data model more precisely[15]. A model's interpretability, accuracy, computing cost, and learning
performance may all benefit from well-selected features. A meaningful and well selected feature is needed for
feature subset optimization; nevertheless, this feature cannot eliminate the target's original conditional
distribution. What feature selection is all about is picking out relevant, consistent, and unique qualities[16].
Reducing variance, or reducing over fitting, to improve generalizability Supervised, unsupervised, and semi-
supervised feature selection techniques are the main categories into which feature selection approaches fall. In a
supervised approach, the given class information is used for selection, but in an unsupervised technique, the task is
used without labels. When doing a classification-based job, the supervised feature selection approach is often used.
The supervised selection method is able to choose the discriminative feature that successfully separates samples
from other classes because of the availability of class labels [17].
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Classification

Machine learning relies heavily on classification, which sorts input points into predefined categories. It paves the
way for selecting features from datasets ranging from basic to enormous in size and complexity. A qualitative
approach should form the basis of the relevant variable. An association between the variable and the prediction is
formed by the algorithm. Machine learning methods are called classifiers, and instances are what come out of these
algorithms. It is common practice to use the classification method in data mining tactics that include qualitative
characteristics. Machine learning methods like K-Nearest Neighbours (KNN), Random Forest Classifier, and
logistic regression may be used for the prediction and diagnosis of heart disease. These algorithms may be able to
predict a person's risk of cardiovascular disease by examining their medical history. Unlike KNN, logistic regression
is a supervised learning method that may be used to both regression and classification tasks; nevertheless, it is
more often employed for binary classification issues. Random Forest Classifier employs a multi-decision tree
ensemble learning strategy to enhance prediction accuracy [18] 19][20]. We train the algorithms to predict the risk
of heart illness in new people by looking at the attributes of the supplied dataset [18]. Precision, specificity,
accuracy, and area under the curve (AUC) are some of the measures used to assess the algorithms. The major
reason why cardiac problems will dominate our study is that they cause a disproportionate number of fatalities. The
best way to lower mortality rates is to catch diseases early. The accuracy of the several categorization systems that
have been tested for the prediction of cardiac disease has been shown to be very poor.

Algorithm Used

A potential strategy for the prediction of cardiac illness is the use of Convolutional Neural Networks (CNN). One
possible application of the CNN algorithm is to foretell which individuals are most likely to suffer from heart
disease, both now and in the future. This is accomplished by applying the CNN algorithm to both structured and
unstructured patient data, and then deploying the prediction model over real-life hospital data or data from the
Kaggle database.

By examining medical data for patterns that suggest a risk of heart disease, the Convolutional Neural Network
(CNN) algorithm is used for heart disease prediction[21].

It is possible to modify the CNN algorithm to handle structured data, such as medical records, in addition to data
with a grid-like structure, like images.

Here are the usual stages involved in the CNN algorithm for predicting heart disease:

Data pre-processing: Inconsistencies, missing values, and unnecessary characteristics are removed from the
medical data during pre-processing.

Representing the data: The pre-processed data is converted into a format that the CNN algorithm can understand.
Data  transformation into a tensor or matrix format may be necessary for this.
Model training: Patterns that signal the risk of heart disease are learned by the CNN algorithm on the converted
data. Reducing the discrepancy between the expected and observed results requires tweaking the CNN model's
biases and weights.

Evaluating the model entails testing the accuracy and generalizability of the trained CNN model on a different
dataset.

The CNN algorithm for heart disease prediction has been shown to achieve high accuracy rates, ranging from 85%
to 97%, depending on the dataset and the specific CNN architecture used. The algorithm can process large datasets
with many features, making it well-suited for predicting heart disease based on a wide range of medical data.

Convolution neural network

A Neural Network, which is intended to handle the multi-dimensional data like time series data and picture, is
called Convolution Neural Network. CNN is appropriate for obtaining better prediction utilizing massive datasets
and to limit the parameters count and training quantity which may detect and forecast the heart disease swiftly.
Convolutional neural networks (CNNs) consist of several layers, with each layer processing the input data in its own
unique way. Figure 2 depicts the standard design of a convolution neural network. Layers like as convolution, max
pooling, and ReLu make up the CNN architecture. Using the picture patches, computers, and output volume id
filters, the convolution layer performs a dot product. The activation function layer, the second layer, takes the
output from the convolution layer and applies an activation function to it. Thirdly, there's the pool layer, which uses
the output from the previous layer to execute memory efficient operations, hence reducing computing costs. The
fully connected layer then collects input from the previous layer and computes output in the form of 1-D array class-
scores. Together with the classifiers, the CNN automatically generates the features. By far the most straightforward
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way to convert the input volume to the output volume using a differential operate this CNN is ideal for use as a
feature extractor. The lack of encoding of the object's orientation and location into their predictions is a drawback
of this approach. It will also take more time to train a deep network.

Input Convelution Pooling

Convolution

FullyConnected  Qutput

Pocling

Fealura Maps Feature Maps Feature Maps Fesature Maps
A
Y
Foature Classification
Extraction

Figure 2. Typical architecture of convolution neural network

Recent research has shown that DL's enormous data processing power makes it a useful tool for illness prediction.
Two deep CNN models are used for feature extraction in this investigation. Specifically, 246 features are retrieved
from the second model and 128 characteristics from the first. When combined, the aforementioned models may
learn filters and enable latent concept description for hierarchical pattern recognition. In these models, the filter is
decreased at each of the many levels. An initial layer with 4*4*1*64 filters is used to extract just the relevant
features. This layer is then decreased to 3*3*14*1. After the filters are entered, CNN-corresponding feature maps
locate the outputs. Each layer's feature map shows the results for that layer. Image classification, object recognition,
and recommendation systems are some of the primary foci of deep convolutional neural networks (CNNs). Normal
language dispensation is another usage for it. The primary goal of feature map visualization is to achieve the
recognized features on each input. Convolution of feature maps from the previous layer is accomplished using CNN

using learnt filters. Due of the 2D weighting of the filters,

there is typically a preexisting spatial relationship. The

stride value also indicates the number of steps traversed in each convolutional stage. It has a default value of 1

Experimental Results
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Figure 3 .Overall Results of Different Classifier with Respect to Accuracy

Comparison of results

Algorithm Train_Accuracy Test Precision Recall
Accuracy

KNN 100 95.08 94.12 96.97
Random Forest Classifier(RANF) 90.87 91.8 91.18 93.94
Logistic Regression 86.72 90.16 90.91 90.91
Naive Bayes Classifier(NB) 83.82 88.52 90.63 87.88
Support Vector Machine Classifier 94.61 85.25 87.5 84.85
Decision Tree Classifier 93.78 81.97 84.38 81.82

Among all the algorithms, K-Nearest Neighbors Classifier is considered as the final model because it is generating
good results when compared to other models.

Train Accuracy = 100%
Test Accuracy = 95.08%
Precision Score = 94.12%
Recall Score = 96.97%
Conclusion

Heart disease is a leading cause of mortality worldwide. Ignoring the warning signs of heart disease may hasten a
patient's final decline. The primary objective is to compile a set of potential machine learning algorithms for the
prediction of heart illness. Numerous models have shown encouraging outcomes in predicting the probability of
cardiovascular issues. Neural networks, logistic regression, decision trees, and support vector machines are all
examples of such algorithms. Even though neural networks and ensemble methods often provide superior results,
decision trees and logistic regression remain valuable due to their understanding. In order to conduct a
comprehensive analysis and get the intended results, this study makes use of a variety of preprocessing
methodologies and machine learning algorithms. The system integrates three datasets for training and testing. The
dataset included thirteen distinct characteristics. Following accurate data processing, the K-Nearest Neighbors
Classifier achieved superior performance compared to the ML technique. Possible Future Applications: Enhancing
Heart Disease Prognosis with the Integration of Wearable Sensors, Genetic Information, Imaging Data, and HER
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