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Abstract- Despite numerous advancements in modern
medicine, cardiovascular diseases still rank among the top
mortality factors all around the world, with 18 million
annual deaths caused by heart diseases according to the
World Health Organization estimates. Identification of
individuals with elevated risk of heart diseases is important
in order to reduce the mortality rate especially in
developing countries with limited access to medical
facilities. Thanks to recent progress made in Artificial
Intelligence and Machine Learning, it became possible to
create intelligent diagnostic systems that can help doctors
diagnose patients at an early stage. This paper aims at
evaluating the performance of five supervised machine
learning algorithms for heart disease prediction, namely,
Random Forest, Support Vector Machine, Logistic
Regression, Decision Tree, and K-Nearest Neighbors.
Based on experimental evaluation, the Random Forest
algorithm shows the best performance providing an
accuracy of 90.16% while logistic regression shows
accuracy of 85.25%, and the KNN classifier shows the
lowest accuracy level of 67.21%. In addition to
classification accuracy, the precision and recall values are
also estimated based on the confusion matrix. The
achieved results suggest that ensembles of learning
algorithms provide better predictions while maintaining
appropriate level of generalization.
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L INTRODUCTION

Cardiovascular diseases have been identified as a
prominent threat to public health in the world and
continue to be the leading cause of deaths around the
globe. Millions of people die every year because of
heart attacks and other cardiovascular diseases.
Cardiovascular diseases have become more common
due to the presence of an unhealthy lifestyle in the
form of poor diet, lack of exercise, and stress
generated from job pressures and economic problems.
Delayed diagnosis of heart disease is one of the
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reasons why more and more people die due to heart
diseases because their problems are diagnosed at a
critical stage.

Fig.1. Demise Rate of CVD in 2017

A range of methods for heart disease prediction has
been explored through the use of probabilistic
classifiers, including Naive Bayes, supplemented by
Laplace smoothing to address zero-frequency issues in
classification. The efficiency of the aforementioned
models can be estimated based on their
implementation in  real-time scenarios and
performance comparison using various algorithms of
supervised learning. Doctors estimate the probability
of occurrence of heart disease on the basis of
diagnostic procedures and statistical data in order to
make the right diagnosis and choose the appropriate
treatment strategy. Figure 2 shows the anatomy of the
human heart called cardiac organ from the Latin word
cardia. The human heart is the muscular organ that
consists of four cavities — two atrium and two
ventricles. The atrium collects the blood coming back
to the heart, and the ventricle makes the necessary
pumping action to supply the blood to all organs.
Oxygenated blood carried by the circulatory system
provides the body tissues with the required amount of
oxygen and nutrients.
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Fig.2. Anatomic Structure of Heart

In predicting heart disease, the emphasis is made on
determining clinical and physiological variables that
can cause cardiovascular disease. A number of
pathological problems such as atherosclerosis,
constriction of the blood vessels, deposition of lipids,
high blood pressure, and poor blood circulation greatly
raise the risk of heart disease. Moreover, various
medical variables like blood pressure, cholesterol
content, blood glucose levels, platelets, and other
similar clinical variables play an important role in
machine learning algorithms to classify diseases.
Deposition of lipids inside the arteries hinders proper
blood supply to the heart.

IL. METHODOLOGY

The data set that was used in this study is related to
heart disecase and was downloaded from the Kaggle
database. This data set has a number of clinical
features associated with heart disease, although other
data sets could have been used depending on their
availability. The data were pre-processed to remove
inconsistencies in the data set since low-quality data
can negatively impact the performance of the model.
The data set was further split into 70% training data
and 30% testing data. The training data was used to
develop predictive models while testing data was used
to test the performance of these models. Five
supervised machine learning techniques were used;
they include:

Logistic Regression: Logistic Regression (LR) is a

type of statistical algorithm often used in binary
classification applications. LR determines the
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likelihood of an event occurring from one or multiple
independent variables using a logistic function. Even
though LR does not make predictions about class
membership but rather probabilities of target
outcomes, LR is a classification technique because of
the use of a predetermined decision criterion where
data points whose probabilities fall below the criterion
are labeled as one category while those that exceed the
criterion form the other class. Logistic regression is
broadly classified into three types: Binary Logistic
Regression, Multinomial Logistic Regression (MLR),
and Ordinal Logistic Regression (OLR). MLR is
applied in situations where the target variable
comprises of multiple unordered classes, OLR is
applied in cases where the classification categories are
ordered.

Y= f.': T ),':l = Linear Model

” X
Fig.3. Logistic Regression Model

Support vector machines (SVMs) are one of the most
commonly used supervised machine learning
algorithms to perform classification of linear as well
as non-linear data. Based on the training data set with
labels, SVM computes the hyperplane which
optimally separates the various classes. This
hyperplane creates regions in the feature space and
thereby helps to classify the input samples based on
their location with respect to the decision boundary. In
the two dimensional space, the hyperplane is described
by a line which separates the two classes on either side
of it [12]. In this study, SVM technique was utilized to
detect patterns from the training dataset and construct
a model for heart disease prediction.
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Fig.4. SVM differentiate two classes

Decision Tree: Decision Tree is one of the most
commonly applied supervised machine learning
algorithms in healthcare applications. Some of the
basic elements of the decision tree include root node,
branch, and leaf node. This algorithm repeatedly splits
the dataset into small parts according to some selected
feature values up to when a decision is made at the leaf
nodes. An internal node denotes a decision-making
criterion while each leaf node indicates the predicted
class label. Decision Tree can perform both
classification and regression operations and has the
ability to detect the relationship between the set of
features to predict outcomes. In developing a decision
tree, the existing dataset is split into training and
testing datasets, in which the training dataset is utilized
to create the decision tree while the testing dataset is
utilized to assess its predictive capability.

Fig.5. Decision Tree algorithm flowchart

KNN: K-Nearest Neighbour is a simple machine
learning algorithm for performing classification and
regression tasks. The classification is done using the
similarity between the new data instance and the
already available training data, and the new instance is
then assigned to the class of the nearest neighbors. In
contrast to other algorithms that create a model during
learning, K-Nearest Neighbor does not learn any
model but stores all the training data instances and
makes predictions based on the similarity or distance
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measure. Though the algorithm can be used for
classification and regression purposes, it is mostly
used for classification problems. Being a lazy learner,
K-NN is slower than most other supervised machine
learning algorithms.
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Fig. 6. KNN Machine Learning Algorithm

Random Forest:

Random Forest: Random Forest is a machine learning
algorithm which uses many decision trees to increase
the predictive power of the output. Each of these
decision trees uses different training sets of the data
and different features to predict the output class
independently. The final output is calculated using the
majority voting technique and hence it produces a
better and more accurate model. It can be used in
regression as well as classification tasks. Many
decision trees are built during the training process and
their overall output is considered to produce the final
prediction. This technique effectively decreases the
variance and captures the interactions between the
input features. But one of the drawbacks of this
technique is that the output model is not easily
interpretable.
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Fig. 7. Plot of Simplified Random Forest
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III.  RESULT AND DISCUSSION

In the current experiment, a standard heart disease
dataset collected from the Kaggle repository was used,
which includes various clinical features associated
with human health. Prior to creating a predictive
model, data pre-processing was done in order to
eliminate any form of ambiguity in the data, since
ambiguous data may hamper the performance of
machine learning algorithms. After pre-processing, the
dataset was split into 70 percent training and 30
percent testing datasets. Though, a number of different
train-test splits can be used, the key purpose here is to
build an efficient model that can predict with
maximum accuracy. Finally, a total of five supervised
machine learning algorithms, i.e., Logistic Regression,
KNN, SVM, Decision Tree, and Random Forest, were
developed for heart disease prediction. The entire
process was done in Google Colab using Python. The
results obtained from the supervised learning
algorithms are presented in the next section.

Table 1 Accuracy analysis of Logistic Tree, SVM,
KNN, Decision Tree and Random Forest Algorithms
Algorit | Logisti | SV KNN Deci | Rand
hms cTree | M sion | om
Tree | Fore

Confusion Matrix

Actual Values

Positive (1) Negative (0)

Positive (1) TP FP

Negative (0) FN TN

Predicted Values

Table 4.2 Comparative analysis of different algorithm
for Precision and Recall

st
Accura | 85.25 81.9 | 67.21 81.9 | 90.1
cy 7 7 6

Accuracy ol various Machine
Learning Algorithms

-
&
-
2
-
-

Fig. 8. Comparative analysis of accuracy among
implemented algorithms
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Parameter/A | Logi | SV | KN | Decisi | Rand

lgorithm stic | M N on om
Tree Tree Forest

Precision 72.8 | 88 70. | 85.27 | 91.67
8 46

Recall 944 | 91.6 | 75. | 89.35 | 92.50
7 7 28

Precision and Recall value for ML Algorithms

Fig.9. Precision and Recall value for ML Algorithms

IV.  CONCLUSION
With the rise in cardiovascular disease cases, the need
for early detection has been a key healthcare concern
due to high death rate. The recent advances in Soft
Computing, Machine Learning (ML) and Deep
Learning (DL) fields have tremendously enhanced the
ability of developing intelligent models that predict
diseases with high accuracy. In this paper, a typical
heart disease dataset obtained from Kaggle database
was pre-processed in order to increase its data quality
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prior to model development. The data was then split to
70% training set and 30% test set, and five supervised
ML algorithms including Logistic Regression, KNN,
SVM, Decision Tree and Random Forest were
developed for comparative analysis. Out of the studied
models, Random Forest algorithm demonstrated the
best prediction accuracy of 90.16% while KNN
delivered the worst prediction accuracy of 67.21%.
The accuracy of Decision Tree and SVM models was
found equal to 81.97%. Along with accuracy,
precision and recall were considered in this paper. In
addition to this, the accuracy obtained using the
Random Forest classifier was 91.67% for precision
and 92.50% for recall. From this experiment, it can be
concluded that the use of the Random Forest classifier
is better when compared to the other supervised
machine learning algorithms used here.
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