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Abstract— Heart disease has become a major health issue among various people, irrespective of their age, region, work culture and so on. According 
to World Health Organisation (WHO), there are 17.9 million people dying every year due to heart related issues. For finding what all are the reasons 
behind this, requires huge effort and practise especially from doctors and other medical practitioners. Acquiring the medical data is a tedious task, which 
involves systematic process to get useful insights from it. The objective of this research work is to develop a learning model prototype, which predicts 
heart disease more accurately. To build proposed model the heart disease dataset (HDD) from the UCI repository is used. The dataset has fourteen (14) 
attributes including the target class. The proposed research work is implemented with three (3) types of algorithms namely, decision-tree(used both 
criteria‘s gini and entropy), naïve-bayes and logistic regression. Among these three (3) methods Logistic regression gives the highest accuracy of 93%. 
The model is implemented using python programming language. The implementation details also include the parameter tuning method called 
GridsearchCV. This model can be improved by considering better learning methods in future. 
 
Index Terms— Iterative-Dichotomiser3, CART, Naïve-Bayes, Logistic regression, GridsearchCV.   

——————————      —————————— 

1 INTRODUCTION                                                                     
The various medical reports published by competent 
authorities worldwide, it is observed that the main cause of 
heart failure is because of the ‗myocardial infarction‘. Among 
them, Cardiovascular Disease (CVDs) is notably on rise. The 
researchers had found that over 1.79 crores of people affected 
by CVDs in 2016, covering 31% of all global deaths according 
to WHO. Among these deaths, 85% are due to heart attack 
and stroke only. Many lives can be saved by proper medical 
care, the reasons which have a high impact are blood 
pressure[1]. Heart disease can happen at any time without 
even causing a pain and those silent attacks are unable to 
predict by doctors[2]. Every human being should get proper 
treatment before the disease getting worse, if there exist a 
system which can predict diseases in earlier stage it would 
help to save a million lives. With the help of medical data and 
machine learning algorithms, heart-related problems can 
reduced. Machine learning helps to find patterns from any 
amount data beyond human capacity. The incorporation of 
advanced technologies helps in improving the existing health 
care system [3]. The primary aim of the proposed algorithms of 
various researchers are used to find out the patterns from the 
data and predicting the possible outcomes[4]. Governments 
and private health organizations are using Artificial intelligence 
for various reasons, namely, reducing operational cost, 
improving the patient's satisfaction [5], reducing the length of 
stay, and finding out the cause of disease[6], etc. Many 
classification algorithms of data mining were used to predict 
early heart attacks. Without proper analysis of the data, finding 
an optimal solution is really tough.  The main focus of this work 
is also to minimize the error rate in prediction. The dataset 
which is considered for current study is used by many 
researchers already, which is available in the UC irvine 
machine learning repository. The dataset consists of 73 
different attributes [7]. Among all the relevant attributes , the 
most optimum attributes are clustered by machine learning 
engineers and made it as a 14 attribute dataset.  
 
 
 
 
 

2   RELATED WORK  
There are so many research works are carried out from 
various researchers in the state-of-the-art literature methods 
which addresses major challenges of the current era. Some of 
the benchmark research works are discussed below: 
Dr. T. Karthikeyan and V.A.Kanimozhi have proposed a model 
which compares both convolutional neural network and deep 
neural network for the prediction of heart attack. The model 
provides an accuracy of 82% and 90% of accuracy[8]. The 
authors have claimed that CNN - Convolutional Neural 
Network generates lots of irrelevant rules within the model, 
due to this it dramatically increases the computational 
complexity. The Deep Belief Network algorithm overrules the 
conventional method by achieving the accuracy rate of 90%. 
However the equal error rate and the area under the curve are 
not presented. 
S.Florence, N.G.Bhuvaneswari Amma, G.Annapoorani, 
K.Malathi proposed a system using neural network and 
decision tree. Among the 14 attributes of heart disease dataset 
of UCI repository they have used only 6 among them. Their 
claimed accuracy is 82%[9]. 
Another work proposed by AH Chen, SY Huang, PS Hong, CH 
Cheng, EJ Lin proposed a method with artificial neural 
network. They have used 13 attributes and with C and C# a 
neat user interface which doctors or any medical practitioners 
can input the results and check the result. The claimed 
accuracy was 80%[10]. 
Ankita Dewan and Meghna Sharma Predicted heart disease 
using a hybrid technique in data mining classification. They 
tested k-nearest neighbor, decision tree algorithms such as 
CART, ID3, ID3 etc. accuracy claimed by them was 100%. The 
model was developed using MATLAB R2012a[11].  
Vikas Chaurasia and Saurabh Pal proposed another work on 
Early Prediction of Heart Diseases Using Data Mining 
Techniques. They have used three techniques classification 
and regression tree , Iterative dichotomiser  and decision 
table. The system uses 10 cross fold validation and the best 
they got in CART with an accuracy of 83%[12]. 
 

3  PROPOSED METHODOLOGY 
The proposed method consists of five major stages, which are 
presented below as flow diagram: 
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Fig 1.1   Flow diagram of the proposed model. 
 
3.1 - Data Collection 
As security and privacy concerns, collecting the medical data 
is tedious process. Many researchers already worked on data 
acquisition and made that as a benchmark entity. In this 
research work, the requirement is to collect benchmark 
dataset which is already published for research community. 
There are so many publicly available datasets exist in the 
state-of-the art literature. Among all the UCI repository is 
considered for this research work [13-15]. This UCI repository 
consists of 14 major attributes as shown in table 1.0 :  
 

Table(1.0) – Attribute information 
Attribute Number Attribute Name Description 

1 Age Age of the patients. 

2 Sex Male or Female. 

3 Cp Chest Pain. 

4 trestbps Blood pressure normal. 

5 chol Cholesterol level in mg/dl. 

6 fbs Blood sugar level when 
fasting. 

7 restecg ecg results. 

8 thalach heart rate achieved which is 
at its maximum value. 

9 exang Angina induced by exercise. 

10 oldpeak Exercise induced depression 
(when at rest) 

 

11 slope The slope of the peak 
exercise ST segment. 

12 ca Coloured blood vessels (0-3) 
by fluoroscopy. 

13 thal 3 = normal; 6 = fixed defect; 
7 = reversable defect. 

14 num The result in binary(affected 
or not). 

3.2   Data Pre-Processing: 
If the data is not pre-processed then it may affect the model 
and it may lead to less accuracy. The data of UCI repository 
have some missing values. These missing values needs to be 
addressed by cleaning process. The rows which does not 
have any values can be either deleted or can be replaced with 
the mean of the column values. Considering the risk factor 
when replacing with the mean values, 4 rows has been 
deleted for further process. 
 
3.2.1Exploratory Data Analysis 
To understand the insights of data, it is necessary to apply 
some form of data analytics, which provides better 
understanding of data pattern. The following section includes 
an analysis of data being distributed in the dataset. 
Figure 2.1 (a) and 2.1(b) explains about the distribution of 
patients whether they have heart disease or not and also it 
gives an idea of which age people are more affected and less 
affected. 
 
Fig 2.1(a) Age Distribution of Patients with -ve Heart diagnosis 
 

 

 
Fig 2.1(b)  Age distribution of patients with +ve Heart 

Diagnosis 
The Figure 2.1(c) explains how each attribute is correlated 
with each other , it helps us to identify which are the most 
important attribute in this dataset. The values which are 
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produced here is having less dependency with each other. 
 

 
Fig 2.1(c) Correlation between different attributes 

Fig 2.1(d) represents those people which have a heart attack 
and the range of age in which they belong to.   
 

 
Fig 2.1(d) The age range of sample data considered for 

analysis 
 

3.3   Data Mining  
This stage is to find the pattern from the dataset using different 
algorithms. Three algorithms have been selected and tested 
with this dataset. Depending upon how much knowledge a 
certain algorithm can generate will be further considered for 
hyper parameter tuning. 
 
3.4   Proposed Model   
After training the proposed model with dataset, the model will 
be capable of generating set of rules. Which helps to classify 
the pattern of the patient‘s data as ―having heart disease‖ or 
―not‖. Further testing of the data had done using our test 
dataset. 
The Algorithms has been further explained in-depth under 
section ―Experimental results and analysis‖. 
 
3.5   Experimental results and Analysis 
For the experimentation 313 patients data with 14 attributes 
are considered. As per proposed model, the collected data is 
passed to decision tree method for analysis.  
 
Input :  70% Collected data as TrainSet, which consist first 13 

attribute.  
 
3.5.1   Method - 1: Decision tree analysis 
Decision tree has been widely used for problems like 
classification and regression in data mining. As the name 
suggests the decision tree will make hierarchical model 
according to some predicted outcomes. From the input data it 
makes certain conditions to move on. The conditions will be on 
a yes/no basis like, ―if this occurs then this occurs‖. While 
training the model, a set of rules are generated as outcome. 
The algorithm forms tree which can be linearized into different 
rules [16].  In a decision tree each node represents an 
attribute. From this attribute certain conditions are evaluated 
further to reach final outcome (considered as a leaf). The 
features are split into different branches, it includes root node 
and child node. Splitting of branches are dependent on certain 
rules formed by the algorithms [17]. 
The dataset consists of 14 attributes including the target 
attribute. The outcome in each leaf should be minimal. The 
two different approaches considered for this study is given 
below: 

1. Iterative Dichotomiser 3 (ID3) 
2. Classification and Regression Tree (CART) 

The CART algorithm uses a metric known as the Gini index 
and ID3 uses Entropy and Information Gain.  
 
3.5.1.1   Iterative Dichotomiser 3 (ID3)  
The implementation of ID3 algorithm starts by finding the root 
node. The data set consist of attributes/features such as age, 
resting blood pressure, chest pain type, cholesterol etc. 
Finding the relevant attribute and making it as as root node 
involves some calculCation. Attribute which has the highest 
information gain is selected for further process. For the 
calculation of information gain the criterion called entropy is 
used. 
(a) Entropy: 
Let's take H(S) as the measure of uncertainty in the data set S. 
The calculation is as follows 

 
S - current data set 
p(c) - proportion of elements with respect to our dataset and 
the current classes 
C - classes in S 
Certain things to be considered if the value of H(S) is zero 
then the classifier is perfect. The features are divided or split 
by the value of entropy if the value is less. After finding the 
entropy information gain has to be find the measure of 
difference in entropy is called information gain. The attribute 
which got higher IG will be used as the root node.  

 A - is an attribute 
which has split from set S 
T - is the subset created while splitting the set S 
p(t) - Number of elements of set t to S. 
H(t) - Entropy. 
 
3.5.1.2   Classification and Regression Tree (CART)  
CART algorithm uses the cost function called gini index 
method for the splitting of data feature. If the data belongs to 
certain categories or classes then it forms a classification tree. 
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CART includes both classification and regression, Leo 
Breiman a statistician developed this algorithm in 1984[18].  

Gini index =  

P - probability of target 
The attribute with lower index will be preferred.   
 
Model Evaluation 
The confusion matrix and the classification report is as follows: 

 

 
 
Out of 90 data 73 of them are classified properly 

 Accuracy - 72%( when criterion was gini) 
Accuracy - 80%( when criterion was entropy) 
 
3.5.2   Method 2 - Prediction on Naive Bayes 
The underlying principle behind ‗Naive Bayes‘ is the bayes 
theorem. The name came up with the works of the Rev. 
Thomas  Bayes. There are certain assumptions like, the 
features which are in the dataset are independent of each 
other. This algorithm reduces the multivariate problem to a 
group of data, univariate problem[19]. The influence or 
absence of a particular data won't affect the other values. 
There are two concepts which supports the algorithm, which 
are ―conditional probability‖ and the ―Bayes Rule‖. There are 2 
notations used for deriving Bayes Rule that is used for Naive 
Bayes.  

 
For finding the P(B | A) from the known data P(A | B). It will 
find the probability of each B given A has already happened. If 
there are two (2) or more categories then it will calculate for 
each class and the one with highest probability weights will be 
taken. According to the dataset the ―B‖ indicates values of the 
target feature and A is the known data.Bayes rule helps to find 
P(B|A) from P(A|B)  while passing the test data A would be 
known and B is unknown. From this algorithm the probability 
of B for every occurrence of A can be found. Suppose if there 
are more than 2 classes then the generalized bayes theorem 
can be calculated as follows: 

 
In the real world while considering a dataset it may have many 
features (Attributes value) , if the features are independent 

then the existing rule is called as naive- bayes. Considering 
the above equation there are two parameters one is called 
―Likelihood of Evidence‖ next thing is the ―prior result‖. In a 
whole the numerator data can be called as “Probability of 
likelihood of evidence”.  
 
Model Evaluation 
 
Confusion matrix: 

 
 
Out of 90, 77 of the data are more classified  
Classification report 

Accuracy of the model is 84.6% 
 
3.5.3   Method 3 - Prediction on Logistic Regression 
The question may arise like why logistic why can‘t linear? 
Linear regression is unbounded and the classifier may get 
error, for this reason logistic regression is used. The most 
straight-forward interpretation from logistic regression [20] 
which resides between 0 and 1. The model predict the 
probability of our random variable that is our target value from 
the given data [21]. The cost function used in logistic 
regression is sigmoid function. 
 

 
Fig. 3: Sigmoid cost function 

 
The equation of the logistic regression is formed from the line 
equation, The  many independent variable equation is given 
as: 
 

Y = C + MX1 + MX2 + … 
The range of line is from negative (-ve) infinity to positive (+ve) 
infinity. So, there is a need of transforming Y again 
 

log (Y / 1-Y) where Y = C + MX1 + MX2 
To find the coefficients Maximum Likelihood Estimation is 
considered, and ensuring that there is no outliers or noise in it. 
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The multiple correlated inputs should be removed so that 
model won't get overfitted.  
 
Tuning using GridCV : 
The main aim of tuning the model is to get the optimal values 
or parameters in order to get optimum results. Hyper 
parameters can make an impact upon any model. The library 
used for automating the process is ‗sklearn‘. The first 
parameter is the regression model, for better manipulation the 
ridge regression model is convenient. After fixing the estimator 
the alpha values can be set through a dictionary of python, so 
that the value which gives more performance can be saved in 
the variable. The  ―penalty‖ parameter and the ―C‖ parameter, 
which is inverse of regularization strength with a cross 
validation of five times are applied on proposed method.  
 
Model evaluation 
Confusion matrix : 

 
 

 
 
 
 
 
 
 
 
 
 

Classification report : 
 
Accuracy of the model is 93%. 
 
ROC curve: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

4 CONCLUSION 
In this paper, logistic regression-based model is used for 
finding the heart disease using the existing data of different 
patients. The model has been implemented in the same way 
as other researchers carried out their work. Compared to 
state-of-the-art literature methods, the proposed method has a 
difference in the pre-processing stage and the tuning stage. 
For more clarity additional attributes(ranges) are created for 
certain features which can fit the algorithm easily. 
Implementation is carried out with 4 different types of 

classifiers. The best accuracy is reported by the logistic 
regression and sklearn function. It provides 93% of accuracy 
in predicting whether the person is having disease or not. 
Error may depend upon the importance and contribution of 
each attribute in the dataset. In future, reduction in attribute 
and using efficient algorithms may help for increase in 
accuracy. 
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