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ABSTRACT
Disease classification problem can be solved by building machine learning
models by training a machine to identify disease classes. The classification of
disease is achieved by using machine learning algorithm like Support Vector
machine (SVM). A support vector machine is an approach to machine learning
in which the machine uses predefined labels from the known set to determine or
predict new classes of disease which has never seen before. In this paper, we
used the standard Kaggle heart disease dataset for classification of heart disease
using a support vector machine learning algorithm. Finally, the accuracy of SVM
is evaluated and the evaluation result shows 73.41% accuracy on heart disease
classification.
Keywords: machine learning; heart disease classification; support vector
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1. INTRODUCTION
The field of Computer Science is advancing and the success in machine learning is becoming vital to disease
diagnosis. Disease classification is one the applications of the Computer Science field where Artificial Intelligence
is used in support of the medical fields where physicians are aided with computers in disease diagnosis with better
accuracy solving the problems associated with the physicians due to lack of experiences or stress which may in
turn make the diagnosis difficult [1] .
The heart disease is among main reason for death around the world in both developing and developed countries
although, the disease causes less mortality rate in developed nations when compared to developing countries [2].
Therefore, medical diagnosis is significant to reduce the mortality rate due to heart disease. However, diagnosis
is not a simple task, due to the complexities in confirming the accuracy and precision of the results. Usually, the
heart disease diagnosis is carried manually and this requires time especially in situations where there is small
number of physicians than the patients waiting for the diagnosis.
As discussed in [3], heart disease causes 17 million deaths across the world. Among the many factors to the
death caused by the heart disease, the major causes to this are lack of proper diagnosis and treatment to the disease.
Supervised machine learning is widely applied to disease classification to simplify the diagnosis process in order
to minimize the death. This paper is therefore aimed to identify the major factors making the heart disease
diagnosis difficult and finally propose a solution to the identified problems.
In this study we are going to answer the following questions: 1) Can we build a machine learning model with
the SVM, a supervised machine learning algorithm to classify heart disease with better accuracy? 2) What is the
accuracy of SVM learning algorithm on heart disease classification? 3) How can the SVM algorithm be optimized
on the heart disease classification to improve the accuracy on classification of the heart disease?
2. RELATED WORKS
In this section, the previous studies related to heart disease classification using supervised machine learning
algorithm, such as SVM, Random Forest and Decision Tree is discussed. The literature reviews [4-10] are
discussed the following sections. A heart disease classifier works once the heart disease features are extracted
using [4] feature extraction method. Heart disease diagnosis using supervised machine learning algorithms is
becoming a greater demand as a classification problem is automated using such algorithms to simplify the
classification process and ensure better accuracy in classification avoiding human errors and saves time. A Support
vector Machine is one of the simplest supervised machine learning algorithms used in disease classification [5].
The algorithm has better accuracy in classification compared to other supervised learning algorithms, such as
Decision Tree and Random Forest.
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One of the common machine learning algorithms used in disease classification problem is the Naïve Bayes
algorithm. In the study, the authors proposed a machine learning system for heart disease classification using the
University of California Irvine (UCI) data repository is used to build a machine learning model for heart disease
classification using the Naïve Bayes learning algorithm. The authors have also performed model evaluation on
Random Forest, SVM and Naïve Bayes models. The accuracy analysis result of the models showed that Naïve
Bayes model has better accuracy than the other classifiers on heart disease classification.
A supervised learning algorithm has significant importance in medical diagnosis, object recognition such as
handwritten digits recognition, face recognition and so on [6-7]. The Support Vector Machine (SVM) is a
supervised machine learning algorithm widely applied to several applications in recent days like bioinformatics,
text categorization, object detection, big data analysis.
One of the common machine learning algorithms used in disease classification problem is the Naïve Bayes
algorithm [7]. In the study, the authors proposed a machine learning system for heart disease classification using
the University of California Irvine (UCI) data repository was used for testing the algorithm. The accuracy test on
Random Forest, Naïve Bayes, SVM and Decision Tree model showed that Naïve Bayes model has better accuracy
than the other classifiers on heart disease classification.
In [8], a comparative study on heart disease classification algorithms was conducted and the accuracy of the
Decision Tree, linear SVM and quadratic SVM was reported in the study. Linear SVM has better accuracy
compared to other classification algorithms with an accuracy score of 65.3% and the quadratic SVM performed
well next to the linear SVM. The Decision Tree has least accuracy compared to all of the classifiers the SVM,
ensemble space discriminant methods.
One of the significant contributions of machine learning field in medicine is disease diagnosis. The application
of this field in identification of feature form large data repositories of disease is vital to the identification of disease
classes. Recently, many researchers have applied machine learning models on the classification and clustering
larger medical datasets to assist the disease diagnosis process. Some of the disease with complex features includes
heart disease and cancer [9]. In [10], heart disease prediction system using KNN (K-Nearest Neighbor) was
proposed. The study showcased that features used in classification of disease are important to achieve better
accuracy in classification using machine learning algorithms like the KNN.
Another study on heart disease classification is proposed in [11] using the deep neural network algorithm for
classification. The deep neural network has an accuracy of 83.67% and accuracy is important metric to evaluate
the classification performance and the relevance of prediction in diagnosis of heart disease.
Diagnosis of heart disease, specially the coronary heart disease is difficult and complicated [12]. The
prediction of the disease can be modelled using machine learning algorithm like the multi-layer perception (MLPArtificial Neural Network). The complexity in diagnosis of this type is that many diseases have similar features
with the coronary heart disease and this makes it difficult to easily identified and diagnosed early as possible
before the disease causes death. The model proposed by the authors has good accuracy although; the accuracy
was affected by the occurrences of over fitting. A comparative study on the performance of machine learning
models, SVM, Logistic Regression and Artificial Neural Network (ANN) shows that Logistic Regression having
better performance than the SVM and ANN models in the prediction of heart disease [13,14].
Disease diagnosis is the process of making decision on unknown event from known set of medical records and
the physician’s experiences [15]. The known sets of medical records from clinics, hospitals or medical centers in
general can be provided to a machine to model intelligent systems for decision making support and classification
of disease. But, the machine learning systems vary in accuracy of prediction and classifications in the same manner
medical specialists have different experience on threating disease. The main factor affecting the accuracy of
machine learning algorithms, are the amount of data presented to the machine to learn from and the quality of the
data. The larger the dataset and the more features are presented to the machine in training, the better accuracy in
prediction of the learning algorithm on a given new and unknown cases.
3. RESEARCH METHODOLOGY
To build a machine learning system using the support vector machine (SVM) algorithm for diagnosis of heart
disease, the Kaggle heart disease dataset is used. We have used python for implementing and testing the accuracy
of the classifier on heart disease classification.
2.1 Dataset description
The Kaggle heart disease dataset is used to build machine learning model using the SVM. This dataset consists
of 303 samples of heart disease patients and non-heart disease patients. The dataset has 138 non-heart disease
patients’ features and 168 heart disease patients’ features. The 75% of the dataset, which is 227 of the dataset
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samples, are used for training and 76 dataset samples are used in testing. The dataset is visualized as shown in
Figure 1.

Figure. 1 Heart disease dataset features plot
Table. 1 Feature description of the kaggle heart disease dataset

4.

Instance
1
2

Feature name
Age
Sex

Feature code
age
sex

3

chest pain

cp

4

calcium scan

thal

5

Fasting blood sugar

fbs

6

Slope of the peak exercise ST
segment

slope

7

Resting electrocardiographic
results

restecg

8

target

target

Description
Age in years
male=1
female=0
atypical angina=1
typical angina=2
asymptomatic=3
non-angina pain=4
normal=3
fixed defect=6
reversible defect=7
normal=0
having ST_T=1
up sloping=1
flat=2
down sloping=3
normal=0
having ST_T=1
hypertrophy=2
normal=0
patient=1

RESULTS AND FINDINGS

The experiment was conducted on heart disease data repository of the standard Kaggle using the support vector
machine classifier for training the machine. In this data repository, features are extracted. The data repository
consists of 303 heart disease positive sets and heart disease negative sets. Among the 303 samples of the dataset,
138 are heart disease negative and 165 are heart disease positive (heart disease patients). The 75 % of the dataset
is used for training and 25 % is used in testing the SVM classifier.
4.1 Accuracy Analysis
The accuracy of SVM on the heart disease dataset is evaluated using the python sklearn metric library which
is used to evaluate accuracy of classification algorithm. Table 2 and Figures 2-3 show the accuracy of the SVM.
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Table. 2 Accuracy of SVM on heart disease diagnosis
Random test on the SVM model
1
2
3
4
5

Accuracy in %

88.15
64.47
73.68
67.1
73.68

Accuracy plot of the SVM on heart disease classification

Accuracy in Precentage
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Figure. 2 Accuracy plot of SVM on heart disease classification

Figure. 3 SVM recall precision curve on heart disease classification
As illustrated in Figure 3, we can see that SVM performs better at around the middle (approximately
precision=0.4), this shows that SVM has better performance at the middle precision requirements.
4.2 Confusion analysis
The confusion matrix is used to evaluate the prediction of the SVM model. The confusion matrix shows the
miss-classifications (the false positive and false negatives) and corrects classification (the true positive and true
negative) of the SVM algorithm on classification of the heart disease as illustrated in Table 3.
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Table.3 SVM confusion matrix

Random
model
1
2
3
4
5

test

on

the Predictions of the SVM model
TP
TN
FP
FN
33
26
5
12
33
22
10
11
36
25
7
8
31
27
9
9
29
28
8
11

Figure 4, demonstrates the confusion matrix for SVM on diabetes disease classification on five random tests
on the model. Considering the test 1, we have noted that the correct prediction that is true positive (TP) and true
negative (TN) outclasses the incorrect prediction that is false positive (FP) and false negative (FN). When we look
at the numerical values of correct prediction the total is 59 (TP+TN=33+26=59) and three are 17 incorrect
predictions by the model (FP+FN=5+12=17). The accuracy for the test 1 is calculated using the following formula:
SVM model Accuracy =

𝑇𝑃 + 𝑇𝑁
∗ 100 … … … … … … … … … … … … … … … … … … … . (1)
𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁

Substituting the values, we get the following result:
SVM model Accuracy =

33 + 26
∗ 100 = 77.63%
33 + 26 + 5 + 12

The confusion matrix of SVM on heart disease classification is shown in figure 4. As shown in the figure in
all tests on the SVM algorithm the TP and TN or the true class is greater than the false classes or the FP and FN
values for each test on the algorithm and this shows that SVM model is best suited for heart disease classification
and the model can assist physicians’ in the heart disease diagnosis process.

Figure. 4 Confusion matrix of SVM on heart disease diagnosis
5.

CONCLUSION

In this paper, we have proposed a Support Vector Machine learning model to solve heart disease classification
problem. In building the model the machine was trained with a Kaggle data repository consisting of 303 samples
of which 138 are heart disease negative and 165 are heart disease positive (heart disease patients). Some of the
features used during in training the model are age, slope, and sex and chest pain. Finally, we have analysed the
performance of the model using different performance metrics such as confusion matrix, recall, precision and
accuracy of the model on prediction of the heart disease. The accuracy analysis result shows that an average
accuracy of 73.41% is achieved on classification of heart disease using the SVM model.
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