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Abstract: Generally, the most complicated task in the
healthcarefield isthediagnosis of thediseaseitself. Thediagnosis
phasein disease detection isusually the most time-consuming task
and is prone to most of the errors. Such complications can be
effectively handled if the disease detection process is well
automated by incorporating effective machine learning
algorithms trained with some benchmark datasets. It should also
be noted that huge amounts of data that are acquired from Heart
Specialization Hospitals are being wasted every year. In this
paper, various classification algorithms have been used to train
the machine to diagnose heart disease. By a comparative study of
various learning models, we have identified the appropriate
learning model for the heart disease dataset. Initially, the work
will begin with an overview of various machine learning
algorithms followed by the algorithmic comparison.
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. INTRODUCTION

Artificial Intelligence (Al) means making a computer

systemto learn, understand and take decisionsby it. Artificial
intelligenceis used so that the computer gains experiencein a
particular field by analyzing the existing data or real-time
data. Based on the learned data it will be capable of both
predicting and taking decisions on its own. Thislearning part
of the computer is dealt-by Machine Learning (ML) which is
the part of Al. Machine Learning is now the most rapidly
developing part of Artificial Intelligence (Al). The collection
of a huge amount of data particularly in the healthcare sector
isbeing possible by the digital revolution. Thisvast amount of
datais being wasted without being used for analysis purpose.
Itisatiresometask for the human to understand and diagnose
the disease. However, the availability of huge data, lack of
swiftness and inconsi stency of human resources are the magjor
reasons for preferring a machine to tackle the job rather than
humans.
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Therefore, machines are hugely beneficia in saving lives

because even amateurs and domain naive can also use
machines for the diagnosis process.
Heart diseases are usually termed as cardiovascular diseases
that form the major causes for the deaths of many people in
various countries including India, United States, etc. So, if
these life-threatening diseases are dealt efficiently and
quickly we can save many precious lives. In this paper heart
disease data set is specifically chosen for training purposes.

This paper starts with the overview and background study
of various machine learning algorithms in section 1. Section
11 gives the methodology followed in this work for
classification. Section IV will explain the implementation
details, results, and discussion. Section V discusses the
conclusion

[I. BACKGROUND

There are several prediction systemsfor different diseases
that had been proposed and implemented.

Haitham and Alan have proposed automated recognition
of sleep apneausing SVM classifier, in which they have used
features from signals obtained from the thoracic and
abdominal respiratory effort and the classification has been
evaluated, the highest accuracy of this system is about 95%
[1].

A system that classifies heart disease using SVM and
multilayer perceptron neural network architecture has been
proposed by Gudadhe et al, where, with SYM accuracy was
80.41% and with ANN accuracy was 97.5% [2].

Myocardial heart disease from ultrasonic images by
optimizing fuzzy membership functionswas proposed by Tsai
and Watanabe, the texture features from the images are used
aong with the genetic algorithm-based fuzzy classifier are
used for classification [3]..

[11. METHODOLOGY

A comparison of various machine learning techniques to
predict heart diseaseisthe main task to be accomplished. This
section has the insights of the techniques on which we have
worked for the comparison purpose.

A. Naive Bayes (NB)

Naive Bayes Classification is based on the probability of
occurrences of the output. It assumes that every feature is
independent and calculates the relative occurrence of the
output for given input based on the output dependency on the
given independent attributes. This is one of the easiest
techniques to understand and implement. [4-6]
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B. Logistic Regression (LR)

Logistic regression is a supervised learning algorithm [7].
It isago-to algorithm for binary classification problems. It is
used when our dataisnot linearly separable and used to assign
observations to a discrete set of classes in this algorithm; we
use the sigmoid function for mapping our predictions to
probabilities.

C. Decision Treg(DT)

In this technique, the attributes will be arranged in a
multi-level tree-like structure, where the most significant
attributes are placed at the roots and the least significant
attributes are placed at the leaves. Here significance is
calculated by the entropy of the attributes. The decision will
be taken according to the traversal of the tree for the given
input [8].

D. K-Nearest Neighbor (KNN)

KNN belongs to the class of supervised learning [9]. It is
also known as alazy learning classifier. This agorithm does
not construct the model from the data. It classifies the input
based on its nearest k training instances and decides its class
based on the similarity of the k nearest neighbors it uses
Euclidean distance to calculate the distance of an attribute
from its neighbors.

E. Support Vector Maching(SVM)

Support vector machine is a supervised learning algorithm
[10]. It is a discriminative classifier formally defined by a
separating hyperplane. It is one of the most advanced and
efficient algorithms which gives better accuracy when
compared to the normal classification algorithms.

F. Random Forest(RF)

Random forest is an ensemble learning algorithm, it is
based on decision tree algorithm, this classifier creates a set of
decision treesfrom randomly selected subsets of training data
set, it then undergoes a voting process from different decision
trees and then it decides the final class for the test data set.

G. Data Preprocessing

Data preprocessing is the most important step in machine
learning. Better preprocessing leads to better accuracy. Data
preprocessing refers to steps applied to the dataset before
applying the algorithm. Datasets can have many errors,
missing values, duplicates, noises and many other problems
that cause the datato be unsuitable for applying the algorithm.
These problems can be solved by analyzing the datasets and
then using suitable data preprocessing steps. Data
preprocessing includes data cleaning, data transformation,
feature selection, missing values imputation, data
normalization, and many other steps depending on the dataset.

IV. IMPLEMENTATION

In this particular section, the overview of the dataset is
given and which is followed by the results obtained by us by
applying the above-mentioned classification algorithm on the
dataset.

A. Overview of Dataset

The dataset being used is Heart Disease dataset [11] which
is obtained from the UCI repository. It contains 14 features
with 303 instances, out of which 165 are of Target: Y es-type
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and 138 are of Target: No-type. Thefeaturesin the dataset are
represented in Table |. The dataset has preprocessed
accordingly so that the data fits into the algorithm easily.
After the pre-processing phase, al the predictive algorithms
are used to fetch the results accordingly.

Table- I: The Features present in the dataset and their

description.

Attribute Description

Age AgeinYears

Gender Male or Female

Cp Chest pain type(3 typesin total)

trestbps Resting blood pleasure in mmHg

chol Serum cholesterol in mg/dl

Fbs (Fasting blood
sugar>120mg/dl)(1=true;0=fal se)

restecg Resting electrocardiographic
results

thalach Maximum heart rate achieved

exang Exercise induced
angina(1=yes;0=no)

oldpeak St depression induced by exercise
relative to rest

slope The dope of the peak exercise ST
segment

Ca Number of magor vessels
coloured by flourosopy

thal Thallium heart scan

target Possessing disease or not.

Correlation is one of the important factors to be focused
while using the classification techniques. The correlation
between the attributes with the target attribute has been shown
inTablell.

Tablell. The Correlation between the attributes and the
target attribute.

ATTRIBUTE Correlation with target
cp 0.433798
thalach 0.421741
slope 0.345877
restecg 0.13723
fbs -0.0280458
chol -0.0852391
trestbps -0.144931
age -0.225439
Sex -0.280937
thal -0.344029
ca -0.391724
oldpeak -0.430696
exang -0.436757

As we can observe from the above Table II, the most
correlated attribute with the target is ‘cp’ i.e. Chest Pain
which infersthat the chest pain the most important attribute to
determine the target class. The ‘cp’ attribute is followed by

the attribute ‘thalach’ which is the maximum heartbeat
obtained.
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B. Performance Evaluation Metrics

Performance evaluation metrics are used to evaluate
machine learning al gorithm. Some of the performance metrics
which are used in thework are accuracy, precision, recall, and
F-measure.

V. RESULTSAND DISCUSSION

This section is al about the results obtained by applying
various classification agorithms like Logistic Regression, K
nearest Neighbors Algorithm, Support Vector Machine,
Naive Bayes Algorithm, Decision Tree and Random Forest
Algorithm. The results are nothing but the performance
measures which are obtained by splitting the dataset into 80%
as the training data and 20% as the testing data. The various
machine learning classification algorithms used in the
performance comparison graphs are indexed as below.

& Logistic Regression Algorithm.

b- KNN Algorithm (k=5) *

c- KNN Algorithm (k=7) *

d- KNN Algorithm (k=9) *

e- Support Vector Machine (Cost=0.1) #

f- Support Vector Machine (Cost=0.5) #

0- Support Vector Machine (Cost=1) #

h- Naive Bayes Algorithm

i- Decision Tree Algorithm

j- Random Forest Algorithm

The KNN algorithm is implemented for certain K values
such asK=4to 10. Using the elbow method of KNN we have
found the optimal number for K as 7. Just to show the
difference of performance metrics, some sample observations
with K as 5,7 and 9 are made and the results are shown in the
figures below. Similarly, the SYM classifier was analyzed
using various penalty parameters (0.1, 0.5, and 1) and it was
found that 0.1 yielded the best results.

A. Accuracy
ACCURACY
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60.00%
30.00%
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Fig. 1. Accuracy measures of different algorithms.

C d e
Accuracy isameasure of the number of correct predictions
divided by the total number of predictions made as shown in
equation (1).

20.00%
10.00%
0.00%

carrect predictions (1)

Accuracy = —
Total noof predictions

From Fig.1 we can conclude that the KNN Algorithm
(k=7), Support Vector Machine (Cost=0.1), Random Forest
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Algorithm, have the highest accuracy of 88.52% and Decision
Tree agorithm with least accuracy of 80.33%.

B. Precision
PRECISION SCORE
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Fig. 2. Precision-Scores of different algorithms.

Precision-Scoreisthe proportion of positive identifications
that are actually correct as shown in equation (2).

TP
TP+FF

Precision = 2

From Fig. 2, we can conclude that the algorithm with
highest precision-score are the KNN Algorithm(k=7) and the
Support Vector Machine (Cost=0.1) with precision score of
0.909. The agorithm with the least precision-score of 0.8235
is Decision Tree Algorithm.

C. Recall-Score

RECALL-SCORE
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Fig. 3. Recall-Scores of different algorithms.

Recall-Score is the proportion of actual positives that were
identified correctly as shown in equation (3).

Recall = — 3)
TP+EN

From Fig.3 the agorithm with the highest recall-score of
0.9117 isthe Random Forest Algorithm and least performers
with recall-score of 0.8235 are KNN Algorithm (k=5) and
Decision Tree Algorithm.
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D. F-1Score
F1-SCORE

0.8823 ggi5 0-89%° 0.8823 08955 ggss 0.8823 0.8823 0.8385

1
09 M — r—y 0.8235
08 .
0.7
06
05
04
03
02
0.1

0 Ld -

a b j

Fig. 4. F1-Scores of different algorlthms

F1-Score can be termed as weighted average of precision
and recall as shown in equation (4).

Fl1=2 xw (4)

precision+recall

From Fig.4 the algorithms with highest F1-score are KNN
Algorithm (k=7), Support Vector Machine (Cost=0.1) and
Random Forest Algorithm with F-score of 0.8985 and the
lowest Fl-score of 0.8235 obtained by Decision Tree
Algorithm.

VI. CONCLUSION

Prediction of heart disease is an important task in the
healthcare field as it can save a person’s life. So, this
prediction has a significant impact on treatment. In thiswork,
we have experimented with heart disease prediction using
various machine learning classification algorithms and the
algorithmic performance is anadyzed. In the case of
healthcare-related predictions, the performance of the
algorithm is mainly based on measures like precision score
rather than accuracy alone. Considering the factors like
Accuracy, Precision, Recall Score, F1 Score from the results
section, it is well understood that Random Forest and SVM
algorithms are found to be more accurate in terms of accuracy
and least RMSE value. It is aso found that after dataset
pre-processing phase, SVM agorithm with cost as 0.1 could
be considered as the best choice among the different SVM
variants referred in this paper.
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