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1. INTRODUCTION

EART disease refers to a set of conditions involving the

heart, its vessels, muscles, valves, or internal electrical
pathways responsible for muscle contraction. With a more
comprehensive definition, heart diseases are complex clinical
syndromes that can affect the endocrine, hematological,
musculoskeletal, renal, respiratory, peripheral vascular,
hepatic, and gastrointestinal systems. According to the
Centers for Disease Control, heart disease is one of the leading
causes of death worldwide. In addition, despite the advances
in modern medicine, it continues to affect millions of people
around the world and has high mortality rates [1, 2]. Usually
one in four deaths occur as a result of heart disease. Heart
disease is common among both men and women in most
countries around the world. Therefore, people should consider
heart disease risk factors. Although genetics may play a role,
certain lifestyle factors significantly influence heart disease. It
is predicted that heart disease will continue to be the leading
cause of death for a long time globally. For this reason, it is of
great importance to estimate the factors associated with the
disease by using data mining algorithms with the data of
patients diagnosed with heart disease, to take precautions
related to the disease, and for physicians to benefit from it [1,
3].

Artificial intelligence is a machine learning that can act like a
human, imitate human behavior, make rational decisions, and
respond in a meaningful way. While doing these, the basic
requirement is education. For years, many scientists thought

that computer intelligence was useless  without
learning.However, this idea has changed and developed
rapidly with the advent of machine learning and later deep
learning [4]. Machine learning; it is one of the sub-branches
of artificial intelligence and has become one of the most
important areas to obtain useful, meaningful information from
large data sets. Machine learning areas are increasing with the
development of today's technologies. This is because the size
and complexity of data is increasing day by day. Analyzing
large and complex data have becomes even more difficult. In
such a case, the use of machine learning has become a
necessity for analysis [4, 5].

Deep learning, it contains multiple artificial neural
networks and is a sub-branch of machine learning used to
obtain new data by analyzing the properties of data such as
existing images, audio, with many algorithms including
machine learning algorithms [6].

The aim of this study is to classify heart disease using a deep
learning approach in an open-access dataset that includes data
from patients with and without heart disease. According to the
results of this classification model, the factors causing heart
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disease can be determined and medical professionals will be
able to benefit from these results and can be used in preventive
medicine.

2. MATERIAL and METHODS

In this study, a data set containing information about
patients with and without heart disease obtained from the
address "https://www.kaggle.com/asaumya/healthcare-
problem-prediction-stroke-patients" was used. The data set
used in the study is unbalanced. For this reason, SMOTE, an
oversampling method, was used to balance the data set.

It is very difficult to analyze data stacks containing very
large and different numerical data using classical algorithms
and techniques [7]. In order to solve this problem, data science
has made a rapid development in recent years. The importance
of data science comes to the fore one more step, especially
when considering the ever-growing digital data. As a result of
such rapid development of data science, the concepts of data
mining, artificial intelligence, machine learning and deep
learning have emerged. In order to obtain meaningful patterns
from large amounts of data, different algorithms are
constantly being developed with data mining. In this sense, the
concepts of artificial intelligence, machine learning and deep
learning continue to develop in parallel with data mining [8].

Artificial intelligence in literature, transferring the
working structure of human intelligence to computers in
general; it is defined as the ability of computers to perform
tasks that require logic, such as drawing conclusions from
human-specific behaviors, finding solutions, making
generalizations, understanding the problem, and learning by
making use of past experiences [9].

Deep learning is a newer type of artificial neural network
algorithm compared to others and is one of the sub-branches
of machine learning. Deep learning is an algorithm that has
one or more inputs, containing many layers, and one or more
outputs at the end. In each layer, it combines the previous
information and generates values with complex and
meaningful results from this information. In this respect, it is
more consistent and powerful than other neural network
algorithms. Deep learning models consist of different data
transformation stages by considering the properties of the data
in the sources and learning them in their hidden layers [10].

The deep learning method learns the distinguishing
features itself from a large number of given inputs. This
feature learning stages consists of a number of layers. The
lower-level layers have less distinctive features, while the
higher-level layers, which are a combination of these layers,
have more distinctive features. The lower-level layers form
the basis of the higher-levels and enable more meaningful
features to be produced. Unlike traditional machine learning,
it does the learning process on its own instead of calculating
the basic features determined by the human [11].

2.1. Data Analysis

Quantitative data were expressed as median (minimum-
maximum), and qualitative data as number (percentage).
Conformity to normal distribution was evaluated using the
Kolmogorov-Smirnov test. Whether there is a statistically
significant difference between the "No heart disease” and
"Suffering from heart disease” groups, which are the
categories of dependent / target variable (heart disease) in
terms of independent variables, was examined using the
Mann-Whitney U test and Pearson chi-square test. Values of
p <0.05 were considered statistically significant. IBM SPSS
Statistics 26.0 package program was used for all analyzes.

3. RESULTS
The table showing the distribution of the dependent variable
in the data set used in this study is given below.

TABLE |
TABLE SHOWING THE DISTRIBUTION OF THE DEPENDENT VARIABLE

No heart disease Suffering from heart disease

Count Count

1409

Percentage (%)
83.6 276

Percentage (%)
16.4

Descriptive statistics of the independent variables in this study
are given in Table 2. According to this table; there is a
statistically significant difference between the groups of the
dependent variable (Heart Disease) in terms of age, avg
glucose level and BMI variables (p<0.05).

TABLE Il
DESCRIPTIVE STATISTICS TABLE OF QUANTITATIVE INDEPENDENT
VARIABLES
Heart Disease

No heart Suffering from
Variables disease heart disease vaﬁ;e*

Median (min- Median (min-

max) max)

Age 47 (0.08-82) 71 (2-82) <0.001
Avg Glucose 93.05 (55.22- 106.55 (56.31- <0.001
Level 267.76) 271.74) '

29.8 (19.1-
BMI 28.3 (10.3-78) 54.7) 0.001

*: Mann Whitney U test

Table 3 shows that; there is a statistically significant
relationship between the gender, hypertension, ever married,
work type and smoking status variables and the dependent
variable (Heart Disease) groups (p<0.05).

TABLE Il
DESCRIPTIVE STATISTICS TTABLE OF QUANTITATIVE INDEPENDENT
VARIABLES
Heart Disease
Sufferin
Vari Categories of Nc_; heart from hea?t p-
ariables . disease .
Variables disease value*
Number Number
(%) (%)
Male 570 (40.5) | 163 (59.1)
Gender Female 838 (505) | 113 (409) | ~0-00
No 1258
H . Hypertension (89.3) 212 (76.8)
ypertension Suffering from <0.001
H : 151 (10.7) | 64(23.2)
ypertension
. No 457 (32.4) | 32(116)
Ever Married Yes 952 (67.6) 244 (88.4) <0.001
Private 848 (60.2) | 158(57.2)
Self Employed | 216 (15.3) 81(29.3)
Work Type Govt Job 169 (12.0) 36 (13.0) <0.001
Children 170 (12.1) 1(0.4)
Never Worked 6 (0.4) 0(0.0)
Residence Urban 709 (50.3) 142 (51.4) 0731
Type Rural 700 (49.7) 134 (48.6) )
Never Smoked | 553 (39.2) 90 (32.6)
Formerly
Smoking Status Smoked 249 (177) 7(279) <0.001
Unknown 395 (28.0) | 48(17.4)
Smokes 212 (15.0) 61(22.1)
No Stroke 12071 559 (83.0)
(85.7)
Stroke 0.249
Suffered
Stroke 202 (14.3) 47 (17.0)

*: Pearson chi-square test
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Table 4 shows the classification matrix for the associative
classification model that was used to classify the Heart
Disease Dataset in this study.

TABLE IV
DESCRIPTIVE STATISTICS TABLE OF QUANTITATIVE INDEPENDENT
VARIABLES
Reference
. Suffering
Prediction N(_) heart from heart Total
disease -
disease
No heart disease 4573 469 5042
Suffering from 261 4365 4626
heart disease
Total 4834 4834 9668

Table 5 shows the results of the classification performance
criterion for the associative classification model. The model's
specificity was calculated to be 0.946, the sensitivity to be 0.
903, the accuracy to be 0.9245, the positive predictive value
to be 0.9436 and the negative predictive value to be 0.907.

TABLE V
THE MODEL'S CLASSIFICATION PERFORMANCE CRITERIA'S VALUES

Metric Value

Specificity 0.946

Sensitivity 0.903

Accuracy 0.9245

Positive predictive value 0.9436
Negative predictive value 0.907

4. DISCUSSION

It is estimated that heart disease, which is one of the most
common diseases in the world, will continue to be the most
common cause of death on a global scale. It is reported that
these deaths tend to decrease in developed countries compared
to developing countries. The most effective factor in the
reduction of these deaths in the world is the preventability of
heart and cardiovascular diseases. Studies such as identifying
the factors causing the disease and preventing their emergence
have been made possible by developing health services.
Recent research has been able to identify risk factors for heart
disease, but many researchers agree that more research is
needed to use this information to reduce the incidence of heart
disease. Heart diseases may be due to different characteristics.
Some literature studies have shown that reducing these risk
factors for heart disease may actually help prevent heart
disease. There are many studies and studies on the prevention
of heart disease risk. More studies on heart disease will offer
more opportunities to prevent heart disease [1, 12, 13].

With the use of new application areas obtained as a result
of developments in computer science in health services, it has
been possible to predict disease-related risk factors from
patient data. Thus, by determining the factors that cause
diseases, important steps are taken in terms of preventability.

Computer and human is one of the interdisciplinary fields
of study that deals with the design, implementation and
evaluation of interactive technologies. The field of human and
computer interaction started to gain momentum in the 2000s
and studies in this field are among the areas that have priority
today. One of the human and computer interaction fields of
study is deep learning, which is a method of machine learning
[14]. Deep learning methods are a set of algorithms involved
in machine learning; and attempts to model high-level
abstractions of data using model architectures that result from
multiple nonlinear transformations [15].

71

Deep learning methods, with the increase in processing
power and the advancement of graphics processors, many
more applications such as big data analysis, image
classification, voice identification, generic visual recognition,
face recognition, pedestrian detection, natural language
processing, handwriting recognition, multiclassification,
regression problems, time series estimation, etc. started to take
place in a wide variety of fields [15, 16].

In this study, a deep learning model was applied using an
open-source dataset containing information about patients
with and without heart disease, and it was aimed to classify
the output variable and to obtain information about the factors
associated with the disease. Specificity, sensitivity, accuracy,
positive predictive value, and negative predictive value from
the performance criteria obtained from the model as a result
of classification were calculated as 0.946, 0.903, 0.9245,
0.9436, and 0.907, respectively.

As a result of the findings obtained from the study, it was
seen that the data set we discussed was successfully classified
with the deep learning model used. This successful
classification performance will give medical professionals an
idea about the risk factors that may be associated with heart
disease and will be decisive for preventive medicine practices.
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