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ABSTRACT 
Knowledge discovery and data mining have found numerous applications in business and scientific domain. Enormous amount  of 
data is available  within the healthcare systems. However, there is a lack of effective analysis tools to discover hidden relationships 
and trends in data. One of the most important application is in the prediction of heart disease because it is one among the major 
diseases affecting the individual around the world. The diagnosis of heart disease is a significant and tedious task in medicine.The 
aim of this paper is to predict the heart disease using machine learning algorithms. There are several risk factors which leads to 
heart disease. Attribute selection method is used for reducing the dataset. Using Random forest the important attributes is 
extracted (Mean Decrease in Gini Index) and is sorted by variable importance and then the reduced data is given to the classifier. 
Different models like Random Forest, Generalized Boosted Regression Modeling, Linear Discriminant Analysisand Support Vector 
Machine are combined using Stacking and when combined with random forests evaluation gives better accuracy for classification. 
The proposed method provides better accuracy when compared to other methods. 
 
KEYWORDS: Random Forest, Generalized Boosted Regression Modeling, Linear Discriminant Analysis, Support Vector 
Machine, Stacking,Prediction,Risk Factors.  

 

INTRODUCTION 

 

Heart disease is the highest deadly disease all over the world. The World Health Organization (WHO) has 

estimated that 12 million deaths occur worldwide, every year due to the Heart diseases[1]. In the age group of 

25-69 year, there is 25% of deaths due to heart diseases.The deaths occur in urban and rural areas due to heart 

ailments are 32.8% and 22.9% respectively. The mortality is over 80% because of heart disease around the 

world. According to the estimation of WHO, the mortality will be almost  23.6 million people because of heart 

disease by 2030. The diagnosis of diseases is a significant and tedious task[2]. Some of the risk factors related to 

the heart disease include age, sex, blood pressure, cholesterol, fasting blood sugar, etc.,.Many machine learning 

techniques are available in the prediction of heart disease such as artificial neural network, support vector 

machines, naïve bayes etc.,Machine learning is a type of artificial intelligence that makes the machines to learn 

and makes predictions based on the learned data. There are two types of machine learning tasks such as 

Supervised and Unsupervised learning. 

The ensemble methods utilize several learning algorithms in order to obtain improved predictive 

performance than the individual learning algorithms. An ensemble is a supervised learning algorithm because 

training can be made in order to make predictions. There are many types of ensembles such as bootstrap 

aggregating which is also known as bagging, bayesian parameter averaging, boosting, stacking etc., There are 

two main approaches in model ensembling. The first approach is combining the similar classifiers together. And 
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the second approach is combining the different classifiers using model stacking. Model ensembling increases the 

accuracy by stacking the prediction of multiple models together[3]. The objective of this work is to predict the 

heart disease using machine learning algorithms. 

The paper is organized as follows: section II describes related work, section III  provides an overview of 

dataset and methods used. Section IV explains the proposed methodology, Section V represents experimental 

results and analysis and the conclusion is given in section VI. 

 

Related Work: 

A number of approaches have been used to predict the risk of heart diseases. Some of them is listed below. 

V.Subha et al., [4] discussed about SVM and the ensemble classifiers such as bagging, boosting and 

random subspace in the prediction of heart disease. According to [4] the performance of different algorithms are 

analyzed and it shows that the boosting ensemble classifier performs well in terms of accuracy, sensitivity, 

specificity, PPV (Positive Predictive Value), NPV (Negative Predictive Value)  

Saba Bashir et al., [5]  used the combination of three classifiers such as Naive Bayes, Decision tree and 

Support Vector Machine. These classifiers are combined using majority voting scheme. The accuracy obtained 

by this method is 81.8% 

Kathleen H. Miao et al., [6] used the adaptive boosting algorithm for classification and prediction of heart 

disease. It is one of the ensemble learning method and is applied to different datasets. The adaptive boosting 

algorithm adds the weak classifiers iteratively which results in forming strong ensemble learning classifier. 

ShashikantGhumbre et.al.,[7] have projected a Decision Support System for the diagnosis of Heart disease 

by means of radial basis function network structure and Support Vector Machine and the results have denoted 

that SVM with Sequential minimize optimization is equivalently good as the Radial basis function network in 

the diagnosis of Heart disease. 

S.Vijiyarani et al.,[8] proposed a research work to predict the heart disease using classification tree 

technique. The classification tree algorithms used and tested in this work are Decision Stump, Random Forest 

and LMT Tree algorithm. The objective of this work was to compare the outcomes of the performance of 

different classification techniques for a heart disease dataset. This work was done with WEKA tool. 

SonamNikhar et al., [19] applied the Naive Bayes and decision tree classifier in the prediction of heart 

disease. The results in this paper [19] shows that the decision tree performs better than bayesian classifier.  

Jaymin Patel et al., [20]  applied different algorithms in heart disease prediction. The algorithms used in this 

paper  are J48, logistic model tree algorithm and random forest algorithm. The results in [20] shows J48 has best 

performance over other algorithms. 

 

Methods: 

A.Data Collection: 

Theheart disease dataset was taken from the UCI machine learning repository[9] and it is made up of 76 

raw attributes from which 14 attributes were published by various researchers[2]. These attributes are very vital 

in the diagnosis of heart disease. The dataset has 303 instances. The 12 attributes considered in this research 

work are stated below. The description of Cleveland heart disease dataset is tabulated in table 1. 

 
Table 1: Description of dataset 

 
Sl.No 

 
Attribute Name  

 
Description 

1 Age Age in years 

2 Sex sex (1 = male; 0 = female) 

 

3 cp 
 

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

4 trestbps resting blood pressure (in mm Hg) 

5 chol serum cholestorol(in mg/dl) 

6 thalach maximum heart rate  

7 exang exercise induced angina (1 = yes; 0 = no) 
 

8 oldpeak ST depression induced by exercise relative to rest 

 

9 slope the slope of the peak exercise ST segment (1: upsloping, 2: flat, 3: 
downsloping 

10 ca number of major vessels (0-3) colored by flourosopy 

11 thal 3 = normal; 6 = fixed defect; 7 = reversable defect 

 

12 num diagnosis of heart disease (angiographic disease status 

 0: < 50% diameter narrowing, 

 1: > 50% diameter narrowing) 
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B. R Language: 

R is an open source programming language and  Rstudio is an Integrated Development Environment (IDE). 

It is usedto do manipulation and analysis of various data's in the datasets. Various plots can be made using R 

language and it is utilized for software development activities in  data mining, machine learning and in various 

fields.It is an effective, extensible and ample environment for various statistical computations and graphics. One 

of the key features of R language is that it supports user-created R packages and we can import data containing 

variety of file formats such asCSV (Comma Separated Values), XML(), binary files.  

 R language has various data structures.It includes vectors, matrices, arrays, data frames (similar to tables in 

relational database in DBMS) and lists.There are many packages available for R and we can use the package 

whenever we are in need by using library(package_name) command. There are various interfaces are available 

for R language. Among them RStudio is commonly used interface. 

 

C. Random Forest (RF): 

Random forests otherwise called  random decision forests is one of the ensemble learning method 

for various tasks such as classification, regression etc.,At training time, it constructs large number of decision 

trees[12] and gives the output class which is either classification or regression of the individual trees.Random 

Forests are an improvement over bagged decision trees. 

 

D. Generalized Boosted Regression Modeling(GBM): 

GBM is a powerful machine learning algorithm and  it can do regression, classification and ranking, which 

produces prediction model in the form of an ensemble of weak prediction models typically decision trees. It 

builds the model in a stage wise fashion and it generalizes them. 

 

E. Linear Discriminant Analysis(LDA): 

Linear discriminant analysis (LDA) is a method to find a linear combination of predictors or variables  that 

separates two classes or targets. It can also be separated more than two classes[11]. This method is widely used 

in machine learning, statistics and pattern recognition. In machine learning applications, it is used as 

dimensionality reduction technique. And it also used for data classification.  

 

F. Support Vector Machine (SVM): 

Support vector Machine is a machine learning algorithm.  They belong to a family of generalized linear 

classifiers It can be used for regression as well as classification tasks[10]. SVM uses the hyperplane to separate 

the data set into two classes.Support vectors are defined as  points nearer to the hyperplane. These points are 

considered as critical elements of the data set. It uses machine learning theory to maximize predictive accuracy 

while automatically avoiding over-fit to the data.  

 

G. Stacking: 

Stacking is also called stacked generalization. It  involves training a learning algorithm to combine the 

predictions of several other learning algorithms. The first step is all the other algorithms are trained using the 

available data. 

Then a combiner algorithm is trained to make a final prediction using all the predictions of the other 

algorithms as additional inputs. It has been successfully used on supervised learning tasks  such as classification, 

regression[13] and distance learning . It can also be used for unsupervised learning such as density 

estimation. The point of stacking is to explore a space of different models for the same problem.  

 We can improve our overall performance, and often we can end up with a model which is better than any 

other individual model. 

 

Ivproposed Methodology: 

The main objective of this research is to develop a prediction system for heart disease using data mining 

techniques such as random forest, generalized boosted regression modelling, linear discriminant analysis, 

support vector machines. All the already existing works used 13 attributes for prediction. 

The proposed work used only 11 attributes for prediction. Using Random forest the important attributes is 

extracted (Mean Decrease in Gini Index) and is sorted by variable importance. 

The following steps are used for heart disease prediction. 

1. Load the dataset. 

2. Split the dataset into training and testing (75% - training, 25%- testing) 

3. Find the important attributes using random forest fit. 

4. Train using different models such as random forest, Generalized Boosted Regression Modeling, Linear 

discriminant analysis, support vector machine. 

5. Run the models on the testing data. 
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6.Stack models together and combine with random forests. 

7. Run stacked model on testing data. 

8. Compare the performance measures of individual models with the stacked models. 

 

Experimental Results And Analysis: 

A.Data Source: 

This dataset was taken from the UCI machine learning repository. The Cleveland heart disease dataset is 

made up of 75 raw attributes from which 13 attributes were published. In this work only 11 attibutes was taken. 

The statistics of heart disease dataset is tabulated in table 2. 

 
Table 2: Statistics of heart disease dataset 

Sl.no Dataset Training dataset Testing dataset 

     1  Cleveland heart disease dataset    75%   25% 

 

 
 

Fig. 1: Variable Importance using Random Forest Fit 

 

B.Performance Measures: 

The performance of the system is evaluated by using three measures. Accuracy, Specificity and sensitivity. 

Accuracy = (TP+TN) /(TP+TN+FP+FN)  

Specificity = TN/(TN+FP) 

Sensitivity = TP/(TP+FN) 

Where,  

TP = number of samples classifies as true while they were true.  

TN = number of samples classifies as false while they were actually false 

FN = number of samples classifies as false while they were actually true 

FP = number of samples classifies as true while they were actually false 

 

The proposed stacked model was tested on Cleveland heart data set using 11 attributes. The developed 

method was implemented using R. Performance of the proposed stack model is compared with the individual 

models like random forest, generalized boosted regression modelling, linear discriminant analysis, support 

vector machines and the proposed stacking model performs better based on the performance measures like 

accuracy, sensitivity and specificity. 

 
Table 3: Confusion Matrix of Proposed stacked model with other techniques 

Technique Class Absence Presence 

Random Forest Absence  32 7 

Presence 3 32 

Generalized Boosted Regression 

Modeling 

Absence  34 9 

Presence  1 30 

Linear Discriminant Analysis Absence  33 9 

Presence 2 30 

Support Vector Machine Absence  33 10 

Presence 2 29 

Stacked Model Absence  34 5 

Presence 1 34 
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Table 4: Accuracy, Sensitivity. Specificity for various classifiers 
Classifiers 

 

 

Accuracy Sensitivity Specificity 

Random Forest(RF) 86.49 91.43 82.05 

Generalized Boosted Regression 
Modeling(GBM) 

86.49 97.14 76.92 

Linear Discriminant Analysis(LDA) 85.14 94.29 76.92 

Support Vector Machine(SVM) 83.78 94.29 74.36 

Stacked Model(SM) 91.89 97.14 87.18 

 

From the above table the stacked model is better when compared to other models in terms of accuracy, 

sensitivity and specificity. The accuracy obtained by the stacked model is 91.89%. The Sensitivity obtained is 

97.14% and the specificity is 87.18%. The stacked model is better in performance when compared to the models 

like Random Forest, Generalized Boosted Regression Modeling, Linear Discriminant Analysis  and Support 

Vector Machine. 

 

 
 

Fig. 2: Comparison of Performance measures of various techniques  

 

The graph shows that the stacked model performance is better when compared to other models. 

 

Conclusion: 

The objective of our work is to accurately predict the presence of heart disease with reduced list of 

attributes.Originally 13 attributes were involved in predicting the heart disease. In our work , Random Forest is 

used for finding the important attributes which contribute more towards the diagnosis of heart disease which 

indirectly reduces the number of tests taken by the patient. Thirteen attributes are reduced to 11 attributes using 

Random Forest Fit. Subsequently, different techniques like random forest, Generalized Boosted Regression 

modelling, Linear Discriminant Analysis, Support Vector Machine  and stacked model are used to predict the 

diagnosis of patients with increased accuracy as obtained before the reduction of number of attributes. Also, the 

observation shows that the stacked model outperforms the other four methods. We intend to extend our work by 

incorporating fuzzy learning models and genetic algorithms to  evaluate the intensity of heart disease prediction. 
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