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Machine learning is a new discipline in computer science that has given learning a new dimension. It emulates human intelligence 

in the system by learning from previous data. Due to its self-adaptive capabilities and mathematical foundation, machine learning 

has several applications in healthcare, sentiment analysis, recommendation systems, natural language processing, information 

retrieval, gameplay, market research, text recognition, and computer vision. Machine learning may be used to enhance healthcare 

services. Machine learning decision support systems may be used to diagnose various illnesses. This article's study focuses on 

detecting heart disease using a machine learning technique. CAD (coronary artery disease) is a kind of heart disease that, if not 

treated promptly, may result in cardiac arrest. It is the leading cause of death globally.CAD is caused by a blockage in the arteries 

that provide blood to the heart muscles. Plaque deposition, composed of cholesterol and calcium, causes artery blockages. 

Atherosclerosis is the medical term for this condition. The endothelium is a thin strip of cells that causes smooth blood flow through 

arteries. Plaque accumulates in the arterial wall when the endothelium deteriorates. This plaque formation affects the blood flow 

to the heart, causing blood cells to weaken. CAD worsens with time, and if not treated promptly, symptoms might deteriorate. 

Plaque accumulates over time, hardening plaque. Platelets may cling together to create blood clots in arteries if the plaque ruptures. 

It has the potential to entirely cut off the blood flow, resulting in a heart attack. Angiography is a common approach for diagnosing 

CAD. This procedure is invasive and has certain adverse effects. As a result, non-invasive approaches for diagnosing CAD based 

on clinical data are required. This article provides an ET-SVMRBF (extra tree support vector machine radial basis function) 

technique for diagnosing CAD using clinical deed. This approach was validated using the Z-Alizadeh Sani CAD dataset from UCI 
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(University of California, Irvine). The primary goal for introducing this technology is to minimize mortality by detecting CAD 

early. 

Keywords: Machine Learning, IoT (Internet of Things), Patient Monitoring System, Heart Disease Detection and Prediction 

I. Introduction 

Heart disease is a leading cause of mortality all over the globe. This illness is responsible for around 31% of all 

worldwide fatalities. According to the World Health Organization, this illness kills around 17.9 million people yearly. 

According to the American Heart Association, this condition impacted 121.5 million American adults in 2016 [1-3]. 

Heart disease should be detected early since it may lead to life-threatening complications. Invasive and non-invasive 

procedures may be used to diagnose heart disease. Non-invasive procedures include electrocardiograms, 

phonocardiograms, dynamic electrocardiograms, and echocardiography. Non-invasive techniques of illness diagnosis 

are less costly and have no adverse effects. However, these strategies are not entirely accurate [4]. As a result, 

physicians often suggest intrusive procedures. 

 

Figure 1: Anatomy of the heart 

The heart is responsible for converting deoxygenated blood into oxygenated blood. Arteries are blood arteries that 

transport blood from the heart to the rest of the body. Veins are blood veins that transport oxygenated blood from the 

body to the heart. The superior vena cava transports blood from the chest, head, and arms to the right atrium. The 

inferior vena cava transports blood from the pelvic area, abdomen, and legs to the right atrium. The tricuspid valve 

transports blood from the right atrium to the right ventricle. The pulmonary artery transports blood from the right 

ventricle to the lungs. The blood is oxygenated in the lungs. The left atrium gets blood from the lungs and pumps it 

into the left ventricle through the pulmonary veins. 

When arteries get clogged, the heart becomes weak and unable to pump blood via the circulatory system. It is referred 

to as cardiac failure. The guy dies immediately due to heart failure. Acute or chronic heart failure may occur. Acute 

cardiac failure strikes unexpectedly. Chronic heart failure is a condition in which the heart cannot pump enough blood. 

It has an impact on the patient's quality of life. A single medical test cannot detect heart failure. Heart failure is caused 

by coronary artery disease, cardiac attack, valve disease, hypertension, and other heart disorders. Heart failure may be 

diastolic, systolic, or left-sided [14]. Left-sided heart failure occurs when the heart cannot provide oxygenated blood 

to the body. 

The left ventricle transports blood from the heart to the rest of the body. If the left ventricle cannot adequately pump 

blood, the body cannot obtain oxygenated blood, and blood is returned to the lungs instead of being fed to the body. 

It results in left-sided cardiac failure. The right ventricle pumps blood into the lungs. The lungs convert deoxygenated 

blood to oxygenated blood. Right-sided heart failure occurs when the heart cannot pump blood to the lungs. Because 

of cardiac disease, heart muscles stiffen in diastolic heart failure. The left ventricle is not filled with enough blood. A 

decrease in blood volume in the heart lowers blood flow to the body. This is referred to as systolic heart failure when 

the heart muscles cannot contract adequately. When the heart beats, oxygenated blood flows from the heart into the 
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body. Systolic dysfunction occurs when the heart does not contract adequately. Inadequate blood supply from the 

heart to the body is caused by ineffective cardiac contraction [15]. 

II.RELATED WORK 

The researchers' heart disease detection systems were built using machine learning methodologies. Hedeshi and 

Abadeh used the PSO (particle swarm optimization) technique to derive principles that might be used to identify 

cardiac disease. In each PSO run, many rules were retrieved. The authors worked on a dataset generated by integrating 

Cleveland, Long Beach, Hungarian, and Swiss datasets. The dataset includes 920 records, and 13 characteristics were 

used to diagnose heart disease. A precision of 85.76% was attained. Bashir et al. used the ensemble process to create 

a system for predicting cardiac disease. The authors ran trials on five different datasets. The absence of illness was 

indicated by a class label of 0, while the presence of disease was indicated by a class label of 1. The findings were 

validated using tenfold cross-validation. The authors did not undertake feature selection since the dataset they utilized 

included only relevant attributes. Missing values and outliers were removed by data preparation. Outliers were 

identified using the inter-quantile range method[16]. The classification used five classifiers: decision tree induction, 

information gain, naive Bayes, memory-based learner, support vector machine, and decision tree induction. To 

improve accuracy, classifier outputs were combined using a majority vote. The Cleveland dataset had an accuracy of 

85.81%, the SPECTF dataset had an accuracy of 80.15%, the SPECT dataset had an accuracy of 82.40%, the Eric 

dataset had an accuracy of 86.12%, and the Statlog dataset had an accuracy of 88.52%. Tomar et al.  used LSTSVM 

to create a system for detecting cardiac problems (least square twin support vector machine). The features were chosen 

based on their F-score. Experiments were run on the Statlog dataset, and an accuracy of 85.59% was obtained. Olaniyi 

and Oyedotun  created a model for heart disease detection based on MLP and SVM (support vector machine). 

For training the MLP, the backpropagation technique was utilized. MLP employed a learning rate of 0.32. Experiments 

were carried out using the Statlog dataset, which had 270 occurrences. SVM had an accuracy of 87.5%, whereas 

multilayer perceptron had an accuracy of 85%. Marateb and Goudarzi  used a fuzzy rule-based system built by NFC 

to identify the cardiac disease (Neuro-Fuzzy Classifier). The scaled conjugate gradient approach was utilized to 

significantly minimize the root mean square error and accelerate NFC learning. The authors in their study utilized the 

Cleveland dataset. Discretization was used as part of data preparation to convert continuous values of characteristics 

into discrete values. Fuzzification and defuzzification were used in the categorization process. The SFS (sequential 

feature selection) and MLR (multiple logistic regression) algorithms were utilized to discover relevant features. The 

hold-out approach was used to validate the system. NFC performance was evaluated without the use of feature 

selection, as well as with MLR and SFS. The findings showed that NFC, in conjunction with MLR, had the greatest 

accuracy of 84%. 

III.PROPOSED METHODOLOGY 

Machine learning is a current trend in computer science that is being utilized to create a wide range of decision-

assistance systems. High-dimensional data is a prevalent issue when decision support systems are utilized in real-

world applications. This issue is frequently referred to as the curse of dimensionality [16]. Unnecessary data 

characteristics have an impact on categorization system performance. 

ML Techniques for Heart Disease Prediction 

The initial stage in building any decision support system is to pick critical characteristics. Important characteristics 

are chosen using feature selection techniques. Pick relevant characteristics; many feature selection techniques are 

available. Each feature selection technique picks a distinct set of features when applied to a collection of features [17-

35]. The characteristics chosen have an impact on classification performance. As a result, it is critical to employ an 

effective feature selection approach to extract significant characteristics from the dataset. This article introduces 

numerous feature selection approaches. The GARFE (genetic algorithm recursive feature elimination), CFGA 

(correlation feature selection genetic algorithm), and HPCBE (hybrid Pearson correlation with backward elimination) 

hybrid feature selection methods are also presented. The suggested feature selection algorithms' performance is 

compared to various current feature selection methods. 
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Feature Selection Methods 

Methods for selecting relevant characteristics aid in the reduction of the Number of features. The system's accuracy 

improves as the Number of characteristics is reduced. It also minimizes the system's complexity. Removing 

superfluous features also contributes to shorter calculation times [18]. This section discusses the many kinds of feature 

selection strategies and their benefits and drawbacks. There is also an explanation of several regularly used feature 

selection algorithms. Figure 2 depicts the classification of feature selection approaches. 

 

Figure 2: Types of feature selection methods 

Before applying the features to the classification algorithm, filter techniques filter them. They score the features based 

on the data's general qualities. This rating is used to pick the features [19]. The way for selecting features in the filter 

methods. Wrapper techniques pick features by training the model on a subset of features numerous times and choosing 

the best subset each time. The model's conclusions are used to choose which feature subset to select. The feature 

selection and training procedures are combined in embedded approaches. The features are chosen when the model is 

being trained. From the whole collection of features, several feature subsets are produced. Training and assessing a 

model on these characteristics determine the effectiveness of these feature subsets. 

Proposed Hybrid GARFE Algorithm 

Figure 3 shows a novel feature selection method GARFE (genetic algorithm recursive feature elimination), presented 

in this part to choose relevant features from the dataset. GARFE is a hybrid feature selection method that combines 

the genetic algorithm with recursive feature elimination, two effective feature selection techniques. The SVM (support 

vector machine) classifier was used to assess the effect of GARFE on classification performance. Accuracy, 

sensitivity, specificity, precision, and F-measure were used to assess performance. The method was written in the 

Python 3.0 programming language. Jupyter notebook 70's integrated development environment was used to do Python 

experiments. The GARFE method is pitted against eight other feature selection algorithms. The ten-fold cross-

validation approach is used to verify the results. 
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Figure 3. Flowchart of GARFE algorithm 

First, a genetic algorithm is used to maximize the collection of characteristics. The optimized set of features is then 

sent through the recursive feature elimination method, reducing the Number of features. 

Pseudocode of GARFE algorithm 

Algorithm GARFE( ) 

{ 

 Number of chromosomes = Population size 

 N (Number of genes in chromosome) = Number of features 

 i=1 

 While ( i <= Number of generations) 

 { 

 Perform selection to select chromosomes 

 Perform crossover to produce new chromosomes 

 Perform mutation to bring random changes in chromosomes 

 Use fitness function to select population for next generation 

 i=i + 1 

 } 

Best chromosome is produced with N genes. 
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 Feature Set X={ } 

 j=1 

 while (j <= N) //Repeat the steps for each gene in best chromosome 

 { 

 if (value of gene j = 1) //if value of gene is 1, feature is selected 

 { 

 Add the feature number j to set X 

 } 

 } 

 while(optimum number of features achieved) 

 { 

 Use a classifier to fit on data using feature set X. 

 Calculate the importance score of each feature. 

 Remove the feature having the lowest score. 

 } 

} 

The SVM (support vector machine) classifier was used to assess the effect of GARFE on classification performance. 

Accuracy, sensitivity, specificity, precision, and F-measure were used to assess performance. The method was written 

in the Python 3.0 programming language. An integrated development environment of Jupyter notebook was employed 

to conduct Python experiments. The GARFE method is pitted against eight other feature selection algorithms. The 

ten-fold cross-validation approach is used to verify the results. 

IV.RESULTS AND DISCUSSION 

The GARFE's performance is compared to eight other feature selection methods. The influence of feature selection 

strategies on SVM classification performance has been compared. On the Cleveland and Statlog datasets, the 

performance of the SVM classifier with various feature selection strategies was evaluated. In the Cleveland dataset, 

the GARFE improved accuracy by 4.07%, sensitivity by 3.14%, specificity by 7.52%, precision by 4.18%, and F-

Measure by 3.70%. Figures 3.21–3.25 provide a comparison of the performance of GARFE with different feature 

selection techniques on the Statlog dataset. Compared to other feature selection algorithms, these results show that 

GARFE has the greatest accuracy, sensitivity, specificity, precision, and F-Measure. The Statlog dataset improved by 

7.16% accuracy, 9.18% sensitivity, 5.95% specificity, 12.18% precision, and 9.91% F-Measure. 
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Figure 4: Comparison of execution Time of GARFE with other feature selection methods on Statlog dataset 

Figure 4 demonstrates a comparison of execution time in training an SVM classifier with features picked using various 

feature selection techniques on two datasets. GAREF produced the shortest execution time. It lowered execution time 

by 48.27% in the Cleveland dataset and 39.88% in the Statlog dataset. In both datasets, the GARFE feature reduction 

ratio is 38.46%. It produced the quickest reaction time and best accuracy. The GARFE algorithm picked significant 

characteristics, enhancing classifier performance and minimizing execution time. Figure 4 depicts the distribution of 

continuous characteristics in the dataset. A tenfold cross-validation procedure is used to verify the results. Various 

models were built utilizing the CAD dataset and various classifiers such as XGBoost, KNN, SVM-Linear, and SVM-

RBF. Classifier performance has been evaluated using accuracy, sensitivity, specificity, precision, and F-Measure 

measures. In addition to these performance factors, models were tested using ROC curves (receiver operating 

characteristic curve). 

V.CONCLUSION 

In today's environment, machine learning has become an essential component of our daily lives. Machine learning 

suffers from the challenge of high-dimensional data when applied to real-world applications like e-healthcare. Data 

may include duplicate and extra elements. These superfluous characteristics impact the performance of classification 

systems used in prediction. Three hybrid feature selection methods are presented in this article. The proposed hybrid 

algorithms have two advantages: they improve classification accuracy while lowering feature dimensionality. The 

SVM classifier was used to assess GARFE's performance. The LR classifier was used to assess the performance of 

CFGA. HPCBE is assessed using four different classifiers: DT, KNN, XGBoost, and AdaBoost. The accuracy, 

specificity, sensitivity, precision, F-measure, and execution time properties of feature selection algorithms have been 

evaluated. 
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