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ABSTRACT
One of the most prevailing and serious disease affecting human’s health is Heart Disease (HD). Early diagnosis may allow for heart disease prevention or reduction, which could lower the rate of death.Machine Learning techniques have produced a variety of solutions for heart disease prediction and is capable of predicting illness at early stage . This study propose a model that includes many machine learning (ML) techniques to obtain accurate heart disease (HD) predictions. Data collection and pre-processing are used to create accurate data for the training model. Supervised Machine learning classifiers like support vector machine (SVM), decision tree (DT), logistic regression (LR), K Nearest Neighbor (KNN) and Naïve Bayes (NB) are used for predicting heart disease. Most relevant features are selected by using Relief and LASSO feature selection techniques. Various evaluating methods like, sensitivity, accuracy, specificity, MCC,confusion matrix and precision are used for the performance evaluation of model. This study did comparative analysis using supervised machine learning and feature selection techniques. Decision tree gives highest accuracy of 85.21% with all features. On the other hand, with feature selection techniques SVM has an excellent performance. Future strategy is to use Deep learning algorithms and other feature selection techniques.
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1. INTRODUCTION
According to the World Health Organization, heart disease is the leading cause of death worldwide, impacting 17.9 million people every year. Unhealthy habits that result in obesity, hypertension, high blood sugar, and high cholesterol raise the risk of heart disease. The American Heart Association adds gaining weight, sleep issues, foot swelling, a respiratory infection and an increased heart rate to the list of symptoms. Medical data collection is expanding, giving doctors a new chance to enhance patient diagnosis.To enhance decision-making support, practitioners have increased their use of computer technologies in the past few years. Machine learning is constantly being applied in the healthcare sector as a tool to help with patient diagnosis. Recent research has employed machine learning approaches to anticipate and diagnose different heart problems[1].Heart Disease is a general term used to describe illnesses that have an impact on the heart and blood vessels in a person. This might include arterial damage in organs such as the eyes, brain, kidneys and heart [2]. Even among young people, Heart disease is a prominent cause of mortality in many advanced and emerging countries throughout the world. But the truth is that leading a healthy lifestyle can greatly reduce the risk of it. Some types of heart disease (HD) are Coronary heart disease, Cardiomyopathy, Ischemic HD, Heart Failure, Hypertensive HD, Inflammatory HD and Valvular heart disease[3].Age, sex, cholesterol, a poor diet, high blood pressure, obesity, smoking, family history and alcohol use are all regarded to be risk factors for heart disease. Some symptoms and factors are under your control. The only solutions to lower the death rates brought on by heart diseases (HDs) are early prediction and efficient cures[4]. New predictive model technology in disease prediction are therefore appealing to the majority of medical scientists. These latest advancements in medical care have expanded electronic data availability, opened up new possibilities for decision support, and increased productivity[5].several lab tests and imaging studies can be used to determine the presence of CVD. However, the family history, patient's history, symptoms and risk factors, and physical checkup make up the bulk of the diagnosis. Using statistical data, we may coordinate the results and estimate the existence of illness from findings and treatment outcomes. Doctors can make well-informed decisions with the help of automation and deep learning (DL). Through artificial intelligence and machine learning, computers are trained to spot patterns in illness manifestation and translate them into structural data for prediction. AI is used to innovate in the areas of operations, revenue cycle, and electronic health records (EHR). It will eventually be integrated with clinical workflow, giving practitioners access to real-time data right at the point of care through the use of already-available tools[6].
    Artificial intelligence is a component of machine learning, which is used in many daily life applications. The prediction of an outcome based on past data is one common use of ML. In order to predict the outcome, the machine learns from the historical dataset and uses them on the unfamiliar dataset. For prediction, classification is best machine learning method. While some classification algorithms exhibit adequate prediction accuracy, others only show marginal accuracy[7]. As compared to other processes for data classification, machine learning techniques have the potential to provide high classification accuracy. The most practical method of creating assessments for scientific and real-world situations is ML classification. In order to distinguish patients as having or not having heart disease, persistence is also used to evaluate how various machine learning techniques behave [8].
The following are the three key contributions of our work: (1) examining pre-processing and analyzing supervised Machine learning classifiers for detecting heart disease; (2) researching the application of feature selection; and (3) developing a novel genetic training model.
The work is structured as follows: Introduction in section 1,The literature review is presented in Section 2. In this section, we looked at few research that used machine learning approaches to detect heart problems. In Section 3, we described the applied methods. Section 4 presents implementation. Section 5 presents the recommended techniques and experimental results. In Section 6 Conclusion are presented.
[bookmark: _Toc109071928]2. LITERATURE REVIEW
This study examined different machine learning techniques on heart disease detection at the medical center.
In [9]machine learning techniques provide only a glimpse into their ability to predict heart disease. This paper describes a method for determining substantial characteristics using ML techniques, thereby improving the precision of cardiovascular disease (CVD) prediction. The prediction was done with the help of feature combinations and supervised ML classification. Improved performance with an accuracy rate of 88.7 percent for the HD prediction model using Hybrid Random Forest with Linear Model. To improve the performance of HD prediction, it is possible to devise new feature selection techniques that provide a broader understanding of the significant features.
In [10] different classification algorithms were utilized, and the feature selection for each dataset was determined using backward modeling and the p-value test. The attributes with a p-value exceeding 0.05 were eliminated, and the model was re-fitted with the remaining variables. This procedure was repeated numerous times until every existing model variable reached a significant level. Using Logistic Regression, our proposed method accomplishes an accuracy of 87.1% in detecting HD. Future expansion and enhancement of the project will involve automating data manipulation, feature selection (FS), and model fitting for optimal prediction accuracy. Utilizing a pipeline structure for data preprocessing could contribute to improved outcomes.
[bookmark: _Toc109071930]Using a ML Algorithm to Predict HD was the subject of another study [11].Using a heart disease dataset, the suggested study developed Machine Learning system for predicting HD. This study employed seven well-known ML algorithms, 3 feature selection(FS) algorithms, the cross-validation method, and 7 performance evaluation metrics for classifiers, including classification sensitivity, accuracy, specificity, Matthews' correlation coefficient, and execution time. The suggested system can easily distinguish and categorize individuals with heart disease (HD) from healthy individuals. K-NN, NB, SVM, DT, ANN, and random forest were employed, along with the feature selection algorithms Relief, mRMR, and LASSO. In comparison to mRMR and LASSO, the performance of classifiers utilizing the Relief FS algorithm for the selection of essential features is superior. Future experiments can be conducted to increase the performance of these prognostic classifiers for the prediction of heart disease by employing alternative optimization techniques and feature selection algorithms.
In this work, the Cleveland data set for cardiac diseases, which contained 303 observations, was used as the primary database for training and testing the developed system[12].to increase the amount of data, 10-Fold Cross-Validation has been utilized. The dataset has been analyzed using various classifiers, including Naive Bayes (NB), Multilayer Perceptron (MLP), Decision Tree (DT), K-Nearest Neighbor (K-NN), Radial Basis Function (RBF), and ensemble prediction of classifiers, Single Conjunctive Rule Learner (SCRL), bagging, and stacking, boosting. Experiment findings show that the Support Vector Machine (SVM) method using the boosting strategy beats the other techniques.
This study focused on Machine Learning classifiers’ accuracy. It used UCI repository data set for splitting. These algorithms are decision tree, k-nearest neighbor, support vector machine (SVM), and linear regression. The best tool for implementing Python programming is the Anaconda (Jupiter) notebook, which gives more accurate results. After implementing the ML approach for testing and training, we consider that the KNN is significantly more accurate than other algorithms with an accuracy of 87%[13].
In this study [14]. the proposed ML model is checked and validated on a data set pertaining to heart disease (HD) in order to find the precision of ML algorithms. Originally referred to as a confusion matrix, which details a classification model's performance by providing details on both actual and expected data classifications made by a classifier. A data set is downloaded from the Kaggle website in order to study and apply the data on a different algorithm to evaluate the accuracy score, sensitivity, and specificity of the main attribute of heart failure patients. The KNN algorithm proven has very successful and efficient in predicting cardiac disease based on its accuracy score. 
This study [15] showed a heart disease prediction system that analyses a patient's history to determine whether a patient has heart disease or not. To predict and categorizes heart disease, they used ML algorithms like logistic regression and KNN. Using KNN and Logistic Regression, the proposed model was capable of accurately forecast the existence of heart disease(HD) in a specific individual, demonstrating greater accuracy than previously used classifiers such as naive Bayes, etc. Our model's accuracy is 87.5 percent. More training data increases the likelihood that the model will precisely forecast whether a provided individual has heart disease (HD) or not.
In [16]used Machine Learning methods and techniques to automate the study of huge and complicated medical information.
Several researchers have employed a range of machine learning technology over the years to help the medical industry and experts diagnose heart-related illnesses. This study surveys and evaluates the performance of many models based on such algorithms and approaches. Some supervised Machine Learning techniques like 


KNN, SVM, NB, DT, RF and ensemble techniques are important according to studies. However, over-fitting problems are also resolved by researchers. A significant amount of study may also be undertaken on the best ensemble of algorithms for a particular sort of data.
The proposed research in [17] collected from Kaggle dataset .The diagnostic model's performance is determined using methods such as classification, accuracy, sensitivity, and specificity analysis. This research presents a methodology for predicting if a person has cardiovascular illness and providing awareness or a diagnosis. This is performed by comparing the Machine Learning classifiers’ accuracy on a dataset gathered in an area to offer an appropriate cardiovascular disease prediction model. With an accuracy ranging from 58.71 percent to 77.06 percent, the machine learning algorithms were able to predict heart disease in individuals. Logistic Regression was shown to be more accurate (77.06 percent) than other Machine Learning Algorithms.
The suggested cardiac disease prediction system was created in this study [18]. To improve prediction of heart disease, feature selection algorithms and ensemble techniques are used. To extract key information from the Cleveland heart disease dataset, feature extraction methods are used. A comparison of ensemble approaches (boosting and bagging) and five classifiers is carried out on certain attributes (DT, KNN, NB, SVM, and RF). Based on the results of the experiments, the bagging ensemble learning method with DT and PCA feature extraction produced the best results.
The suggested technique in [19] proposes risk factor levels based on the patient's data to avoid heart disease through adequate health maintenance. The suggested approach in this study is to classify heart disease patients depending on the risk factors. First, use the feature selection. This is done to cut down on the number of data records and speed up model training. The five classifiers utilized are support vector machine, K-nearest neighbor, decision tree, and random forest. The suggested model categorized heart disease patients based on age-related risk variables after applying the classifiers. Random Forest is the most accurate classifier in terms of accuracy. There are some drawbacks to this study. In comparison to all other algorithms, KNN fared badly. To be helpful, features must be predictive, which necessitates correct feature selection. Because of the tiny dataset, the accuracy of each method varies greatly.
The proposed study includes a unique machine learning technique for predicting heart disease [20].The Cleveland dataset was used in the planned research, as were data mining techniques such as regression and classification. To forecast cardiac illness, the suggested study uses a TkInter Python program. Machine learning techniques such as random forest and decision tree are used. A fresh machine learning model approach has been developed. In an implementation, three machine learning algorithms are used: 1. Decision Tree, 2. Random Forest, and 3. Hybrid model. According to the testing data, the hybrid model's heart disease prediction model has an accuracy of 88.7 percent. The interface is designed to collect user input factors in order to forecast heart disease using a hybrid decision tree and random forest model. As 
a consequence, utilizing deep learning algorithms to forecast heart disease may provide better outcomes. In future studies, determining the severity of the condition may also entail categorizing it as a multiclass issue.

3. RESEARCH METHDOLOGY
A broad explanation is provided for developing a machine learning model using a heart disease dataset. This is part of the framework. The process of research methodology is depicted in Figure. 1. 
       [image: ]

            Figure 1: Research Methodology

3.1 Overview of proposed model:
In this study different ML algorithms, feature selection techniques have been performed   to diagnose that patients have heart disease or not different evaluation methods like accuracy, specificity, precision, sensitivity and MCC are calculated and evaluated. Supervised ML Classifiers that are used for experiment are support vector Machine, Naïve Bayes Decision tree, k nearest Neighbor, and Logistic Regression. The dataset used in this study consists of 13 variables measured on 271 individuals. it used two Feature extraction techniques that enhance the accuracy of classifiers.
    First, this study used five classifiers without feature extraction to predict patient may have heart disease or not. After computing the results, applied feature extraction techniques to check whether our accuracy increased or not by applying theses feature extraction techniques.

3.2 Performance evaluation metrics:
To identify the most effective algorithm, five (05) classification algorithms were applied to the dataset and their accuracy and other statistical metrics were compared. The algorithms used were K-nearest neighbors, Naive Bayes, Logistic Regression, support vector machine and Decision Tree Based on the metrics used to evaluate their performance, these algorithms were compared. To determine the sensitivity, specificity, Precision, MCC, and accuracy of the outcome for each method, a confusion matrix (CM) was created. All the parameters were estimated using the formulas listed below.
True Positive: According to this value, unwell subjects are correctly categorized and contain Heart Disease (HD).
True Negative: According to this value, healthy persons are correctly identified and do not have any heart diseases (HD).
False Positive: This value suggests that healthy patients are misclassified to prevent them from having heart illnesses.
False Negative: This score indicates that subjects are incorrectly categorized as unhealthy in order to prevent cardiac illnesses.

Sensitivity =       ……………………. (1)

Specificity =       ……………………. (2)

 Accuracy =…………………. (3)

Precision = ……………………………(4)

…..(5)

4. Implementation:
 The simulation tool is a Jupiter notebook, which is convenient for Python programming tasks. Jupyter notebook includes code as well as rich text elements like equations, links, and many other types of data. Because they integrate rich text components with code, these documents are suitable for combining an analytical description and its findings. An open-source web application called Jupyter Notebook with interactive features.  



4.1 Overview of the Data
The dataset used in this study comes from the University of California Machine Learning Repository at UCI. It consists of 13 variables measured on 271 individuals. The 13th variable, called target, is a binary variable that signals the presence of heart disease or not. The variables and their descriptions are discussed in Table 1. This dataset comes from Cleveland. It has been divided into training and testing sets. For the machine learning algorithms' training input, we used an 80 percent training dataset. The Remaining 20 percent as test results for the prognosis of cardiac disease. Two alternative feature selection techniques—relief and LASSO are used during data preprocessing to address over fitting concerns and shorten execution times. Missing values and null values are found in dataset.
	Attribute name
	Attribute Description

	Age
	Age in years

	Sex
	1: male, 0: female


	BP
	resting blood pressure


	Cp
	chest pain type, 1: typical angina, 2: atypical angina, 3: non-anginal pain, 4: asymptomatic


	Cholesterol
	serum cholesterol in mg/dl


	FBS over 120
	fasting blood sugar > 120 mg/dl


	EKG results
	resting electrocardiographic results (values 0,1,2)


	Max HR
	maximum heart rate achieved


	Exercise angina
	exercise induced angina


	ST depression
	oldpeak = ST depression induced by exercise relative to rest


	Slope of ST
	the slope of the peak exercise ST segment


	Number of vessels fluro
	number of major vessels (0-3) colored by flourosopy


	Thallium
	thal: 3 = normal; 6 = fixed defect; 7 = reversible


	Target
	Patients having heart disease or not having=1,not having=0






             






[bookmark: _GoBack]                Table 1 Attribute Description


4.2 FEATURE SELECTION TECHNIQUES
Previous studies that deal with the datasets used in this study and are somewhat related to this study have been described previously; nevertheless, in most cases, the performance of those systems did not meet expectations. We want to create a technique 
that first identifies the best set of features, followed by the best algorithms to use with those features.
a)Least-Absolute-Shrinkage-Selection-Operator (LASSO)
This operator's ability to perform minimum selection and shrinking rely on adjusting the absolute value of the function coefficient. The subset of attributes can also exclude attributes with negative coefficients and features whose coefficient values are zero. When it comes to feature values with small coefficients, the LASSO performs very well. The selected feature subsets will include features with high coefficient values. With LASSO, unnecessary features might be detected[21].
b)Relief Feature Selection:
Relief is an attribute selection approach that assigns weights to each feature in the dataset. Then, these weights can be adjusted gradually. The vital features should have a substantial weight, 

whereas the less significant ones should have a small weight. In order to calculate feature weights, Relief employs methods similar to those used in KNN[22]. 
[bookmark: _Toc109071943]4.3 PROPOSED MACHINE LEARNING CLASSIFICATION MODEL
This section covers the machine learning methodologies utilized in this study to build an intelligent heart disease prediction system.
Numerous supervised learning calculations exist, including neural networks (NN), and logistic regression support vector machines (SVMs), and Naive Bayes classifiers and decision tree.
[bookmark: _Toc109071944]a)Support Vector Machine
Support vector machines (SVMs) are fantastic but flexible machine learning (ML) algorithms that are used for both regression and classification. SVMs [23] differ from other machine learning algorithms in that they execute in a unique way. They've risen to prominence in recent years because to their capacity to handle a wide range of continuous and categorical data. A SVM model is a multidimensional hyperplane representation of many classes. 
[bookmark: _Toc109071946]b) K-NEAREST NEIGHBORS
[bookmark: _Toc109071947]One of the familiar categorization techniques in the field of machine learning is K-Nearest Neighbors. It was once employed to treat heart disease. K Nearest Neighbor is regarded as non-parametric because it does not make any assumptions about how data will be distributed. KNN takes into account whether the new data and the current data are equivalent, and it assigns the new data to the class that is closest to the existing classes. KNN is used to solve both recognition and regression problems. The lazy learner algorithm is another name for it [24].
c)Decision Tree 
A decision tree is a structure that resembles a tree and is used to classify instances by ordering them according to the values of the variables. In a decision tree, each node denotes a variable, and each branch denotes a possible value for the node. Beginning at the root node, instances are categorized and arranged according to the values of the variables. The root node of the tree would be the variable that divides the dataset most effectively. The decision-making portion, known as internal nodes (or split nodes), is responsible for selecting a choice based on several algorithms and for visiting subsequent nodes. Once the leaf has met a userdefined criteria, the split procedure is over. Classes are represented by the routes from root nodes to leaf nodes[25].
[bookmark: _Toc109071948]d)Naïve Bayes
The Naive Bayes classification technique may be applied in accordance with Naïve Bayes’ theorem. Assumed independence among the different predictors. It implies that there shouldn't be any co-relation between qualities or attributes with regard to one another[26].
[bookmark: _Toc109071949]e)Logistic Regression
The primary ML model utilized is logistic regression (LR). It is a classification algorithm that is used to assign observations to various classes [27]. LR is a potent and well-known technique for supervised machine learning classification. It can be viewed as an extension of conventional regression and can only model a dichotomous variable, which often indicates whether an event will occur or not. 
[bookmark: _Toc109071951]5. Result Analysis 
The dataset comes from the University of Used in this study California Irvine's Machine Learning Repository at UCI. 
It consists of 13 variables measured on 271 individuals. 
The 13th variable, called target, is a binary variable that 
signals the presence of heart disease or not.
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               Figure 2: Attribute Representation


[image: ][image: ]                                                                                                                         Figure 4: Heat map for correlation of attributes


        Figure 3: Concise summary of the Data Frame
 
Obtaining the data set including the characteristics of a human          with a cardiac condition and a person who is not, as well as the conclusion as to whether the person has the condition or not, is the first stage in the setup. Python was employed as the experiment's programming language. The data collection has thirteen attributes, which are utilized. The data must next be analyzed. The info() function is applied to the Pandas library's data set to obtain a quick summary of the Data Frame.

5.1 Checking correlation between columns
After verifying that the data is balanced, the correlation between
the variables are calculated and shown as a heat map using the Seaborn library. 
The heat map undeniably demonstrates the positive link between the target attribute and variables. After verifying the correlation, we must create dummy variables out of categorical variables. The Pandas library may be used to do this.figure 4 show heat map.
















5.2 Exploratory Data Analysis (EDA)
For exploratory data analysis (EDA) and visualization, Jupyter notebook was utilized as a tool, and Python version 3.10.5 was employed. Because the success of a machine learning methodology is dependent on how effectively the information is prepared and presented. First, analyzing the target variable:
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                 Figure 5. analyzing the target variable

        Heart Disease Absence in patients: 50.17
        Heart Disease presence in patients: 40.13












5.3 Model Fitting
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                                     Figure 6: Machine Leraning classifier comparison
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Table 2: Machine Learning Classifier Accuracy
	Classifier
	Accuracy

	Logistic Regression

	83.33 %


	Naive Bayes

	74.07 %


	Support Vector Machine

	77.78 %


	K-Nearest Neighbors

	62.96 %


	Decision Tree

	85.21 %



                                                                   
This figure  shows DT achieves the highest accuracy of 85% among all .so, we can easily see that SVM predict the heart disease at its earlier stages with higher accuracy by using a dataset containing the attributes between the range of 10-13.

5.4 Feature Selection Using Least-Absolute-Shrinkage-Selection-Operator (LASSO)
Taking the names of attributes for further usage in plotting the graph between coefficient and attributes.    










          Figure 7: Attribute Co-efficient using LASSO 

 By seeing the above table, we can understand that when alpha is  0.1 there is no much difference between the coefficients of features w.r.t the output feature. But, alpha with 0.01 is having considerable a difference between the coefficients of features. So, it becomes easy to select the required features from the graph to further use in the classifier models.The LASSO considers closely related attributes to be true and the others to be false. After LASSO technique applying, sex received the highest rank score (1.0613), but maximal heart rate (EKG findings) received a relatively low score. Table 3 displays the LASSO score for the six most important criteria for identifying heart disease.
[bookmark: _Toc109072630]

[image: ]Table 3: Attributes Selected from LASSO

	Attributes
	Coefficients

	Sex                     |         
	1.0613

	Exercise angina
	0.2794

	cp
	0.2044

	Slope of ST
	0.2994

	FBS over 120
	0.1767

	ST depression
	0.0991


	Models
	Accuracy
	Sensitivity
	Specificity
	Precision
	MCC

	Logistic Regression
	83.3333
	84.6154
	82.1429
	81.4815
	66.7

	KNN
	81.4815
	76.9231
	85.7143
	81.4815
	66.7

	SVM
	85.1852
	80.7692
	89.2857
	87.5    
	70.4

	Naïve Bayes
	79.6296
	80.7692
	78.5714
	77.7778
	59.2

	Decision tree
	81.4815
	0.8462
	0.7857
	0.7857
	0.63




	Attributes
	Coefficients

	Max HR                     
	8.54  

	BP
	8.53  

	Cholesterol
	8.16  

	Age
	4.9   

	ST depression
	2.07  

	Thallium
	1.266



Table 4. Machine Learning Classifiers with LASSO feature selection
.
This table shows SVM achieves the highest accuracy of 81% among all .so, we can easily see that SVM predict the heart disease at its earlier stages with higher accuracy by using a dataset

contains the attributes between the range of 10-13
5.5 Feature Selection Relief Feature Selection Technique
Relief, a feature selection algorithm, chooses important features   based on data weight.Figure 9 lists the six most essential input features chosen by Relief. According to the data,the most relevant
                       
          Figure 8: Attribute Scores using relief feature selection

           Table 5. Attribute selected with Relief feature selection
         




[bookmark: _Toc109072633]      
	Models
	Accuracy
	Sensitivity
	Specificity
	Precision
	MCC

	Logistic Regression
	79.6296
	69.2308
	89.2857
	85.7143
	59.976

	KNN
	70.3704
	65.3846
	75
	70.8333
	40.6084

	SVM
	81.4815
	76.9231
	85.7143
	83.3333
	62.9844

	Naïve Bayes
	77.7778
	76.9231
	78.5714
	76.9231
	55.4945

	Decision tree
	75.9259
	73.0769
	78.5714
	76
	51.7551



 


Table 6: Machine Learning Classifiers with relief Feature Selection

this table shows SVM achieves the highest accuracy of 81% among all .so, we can easily see that SVM predict the heart disease at its earlier stages with higher accuracy by using a dataset contains the attributes between the range of 10-13.

factor for Relief Feature Selection Technique chooses six 
attributes with highest scores for better results.
 


          
                





                           Confusion Matrix’s of ML Classifiers with Relief Feature Selection:
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                                   Figure 9: Confusion Matrix’s with Relief Feature Selection


                            

             Confusion Matrix’s of Machine Learning Classifiers with LASSO Feature Selection:                                                       
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        Support vector Machine                                      Naïve Bayes
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                                         Decision Tree
[bookmark: _Toc109072415]                          Figure 10: Confusion Matrix’s with LASSO Feature Selection

5.6 Results comparisons of Machine Learning Classifiers with Feature Selection Techniques 
Table 7  Results comparisons of Machine Learning Classifiers with Feature Selection Techniques
	Classifiers
	Accuracy
With all features
	Accuracy with LASSO
Technique
	Accuracy with Relief technique

	Logistic Regression
	83.33 %

	83.3333
	79.6296

	 KNN
	62.96 %

	81.4815
	70.3704

	SVM
	77.78%

	85.1852
	81.4815

	Naïve Bayes
	74.07 %

	79.6296
	77.7778

	Decision tree
	85.21 %

	81.4815
	75.9259



The Table shows the results accuracies on dataset. First, we applied ML classifiers on dataset without the Feature Extraction techniques and after these feature selection techniques are applied to enhance our accuracies. From this table we can clearly see when we applied feature selection techniques, accuracy of the each classifier improved. Here our comparison is between the results that are computed without feature selection and with feature selection techniques.
5.7 COMPARISON OF VARIOUS ALGORITHMS
It compares the results of several classification algorithms with various input attributes. First, all attributes of the heart disease dataset were subjected to five machine learning classifiers. Second, the Least Absolute Shrinkage and Selection Operator Features Selection Algorithm was used to select certain important attributes, followed by the same five machine learning classifiers. Finally, the Relief model's most essential attributes were utilized as input to the classifiers. To assess the projected results, many performance measures are used.Our dataset has 13 distinct features to determine the disease's result. After applying the Relief feature selection algorithm 6 features: age, cholesterol, maximum heart rate, ST depression, Thallium and Blood pressure have been 
selected based on highest the score. Six relevant features: Sex, Exercise angina, cp, FBS over 120, slope of ST, and ST 
depression were selected with LASSO feature selection algorithm. SEX feature has highest the score. 

5.8 COMPARISON OF DIFFERENT METHODS
In this study, we apply five classifiers. We used the five distinct approaches on the initial 13 input features, then the LASSO approach's six input features, then the Relief method's six input features. Figure 9 depicts the accuracy of several types of classifiers. The Classifier produced the most accurate prediction when 13 characteristics were used, while the Decision Tree produced an accuracy of 85.21 percent. Feature selection Techniques, on the other hand, produce much improved results. When just six characteristics are evaluated (LASSO), the Naive Bayes Classifier produces the lowest accuracy (79.62%). With the 6 LASSO features, we get 83.33%, 81.45 %, 85.18%, and 81 % accuracy for the LR, KNN, SVM, and DT classifiers, respectively. SVM has an excellent performance of 85.18 percent. When the accuracy of these five techniques with the Relief characteristics was compared, the support vector machine showed an exceptional accuracy of 81.18 percent.                
5.9 Comparison of proposed Model and Existing Systems: Table 8 show Comparison of proposed Model and Existing Systems.



Table 8. Comparison of proposed Model and Existing Systems
	                        
                  Our Work
	                     
                      Others Work

	Models
	Accuracy of Model with all features(13)
	Accuracy of Model with LASSO
	Accuracy of Model with Relief
	Dataset Used
	Existing Systems Accuracy 
	Dataset Used
	Existing Systems Accuracy

	DT
	85.21%
	81.45%
	76%
	UCI Repository
	70.97%[10]
	Kaggle Dataset
	82%[14]

	LR
	83.33%
	84%
	79%
	Kaggle Dataset
	77% [17]
	Cleveland heart disease
	82.9% [25]

	KNN
	62.96%
	82%
	70%
	Kaggle Dataset
	58% [30]
	Cleveland heart disease
	59.1% [29]

	SVM
	78%
	85%
	81%
	UCI Machine Learning Repository
	74% [28]                    
	Kaggle dataset
	71.5%[30]

	NB
	74%
	80%
	78%
	UCI Machine Learning Repository
	58% [28]
	Cardiovascular Kaggle Dataset
	69.72% [30]




6. Conclusion
Regardless of social or cultural background, accurately predicting the risk of heart disease could possibly have a significant impact on death rate of people. A vital first step in achieving that objective is early diagnosis. Several research has previously utilized machine learning to try to predict cardiac disease. Typically, accuracy is most significant method for assessing machine learning (ML) algorithms. Five classifiers are used on the 13 initial input features, the six features chosen using the LASSO approach, and the six features chosen using the Relief method, we applied the five different methods. This study demonstrates that several machine learning (ML) algorithms can be used with the Relief feature selection to select correlated feature set. The Classifier made the most accurate prediction out of 13 features, while the Decision Tree's accuracy is 85.21 %. However, Feature selection Techniques produce noticeably better results. The Nave Bayes Classifier produces the lowest accuracy when only evaluating six chosen features (LASSO) (79.62 percent). With the 6 LASSO features, we achieve accuracy of 83.33 %, 81.45 %, 85.18 %, and 81 % for the LR, 
KNN, SVM, and DT classifiers, respectively. SVM performed exceptionally well, scoring 85.18 percent. In the future, this study wants to further generalize the model to make it compatible with other feature selection techniques and more resistant to datasets with significant amounts of missing data. Another future strategy is to use Deep Learning algorithms. The main goal of this research was to make system practical and simple to use in real-world situations.
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