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Abstract— The present study uses the age, sex, diabetes 

mellitus, and arrhythmia data of patients from the datasets 

presented in an existing study to predict arrhythmia with 

machine learning algorithms, K-Nearest Neighbors (KNN), and 

Naive Bayes methods. The outputs are schematically presented, 

and the conclusions related to the Bayes theorem and KNN 

algorithms are compared. In the case of increasing the value of 

neighboring k in the KNN method, it is seen that the accuracy 

rate approaches the result obtained from the Naive Bayes 

method. 
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I. INTRODUCTION  

Health care systems worldwide have many challenges, such 
as disabilities driven by ageing and chronic illness, which 
increase health expenditures. Besides, higher societal 
expectations also increase expenses in health care systems [1, 
2]. Thus, innovations in this field are crucial not only to 
decrease the expenses but also to improve the service quality. 
Recently, the development of technology has introduced many 
innovations in health, and the diagnosis and treatment methods 
of diseases have recently significantly progressed with the 
implementation of new technologies.   

Among many serious diseases, cardiovascular disease 
(CVD) is one of the most challenging diseases for the global 
health care systems, which is specifically important in 
industrialized countries, being the leading cause of death [3]. 
Death rates related to arrhythmia and sudden cardiac death are 
more prevalent in diabetes mellitus (DM) patients than those of 
non-DM patients [4]. In particular, the countries where DM is 
most common are expected to face serious arrhythmia 
problems associated with DM by 2025 [3]. Among various 
reasons, eating habits, stress, inactivity and genetic causes are 
the major factors that cause heart diseases [1]. 

Machine learning has shown to be a promising method to 
improve the efficiency and effectiveness of the global health 
systems by creating simple solutions and improving outcomes 
[2]. It is the simplest application of statistical models to data, 
which broadens the use of statistical methods that are generally 
used in medicine [2]. Thus, implementing machine learning in 
medicine have gained increasing interest over the last decade.  

In the present study, a dataset is used about heart diseases, 
including the complications at the time of admission and on the 
third day after hospitalization, based on patient information [1]. 
According to the dataset, the relationship between the age, 
gender, diabetes mellitus history values of the patients and 
arrhythmia is tried to be predicted.  

II. METHOD 

In the present study, the K-Nearest Algorithm (KNN) and 
Bayes Theorem methods, which are frequently used in 
Supervised Learning with Matlab program, were used to 
predict arrhythmia. 

 

A.  Abbreviations and Acronyms 

k : Number of neighbors 
 nr_11: Column name of observing of arrhythmia in the 
anamnesis 
 endocr_01: Column name of diabetes mellitus in the 
anamnesis. 

 

B.  Prediction Models 

1. Supervised Learning: Machine learning, which can be 
considered as a subfield of artificial intelligence, is defined as 
the methodology to improve the performance of an application 
and make predictions by using the past information available 
to the learner, which is generally in the form of electronic data 
collected and made available for analysis [5, 6]. Learning 
from experience can only be attributed to humans, where 
computers do not have learning ability [6]. However, in 
supervised learning, algorithms can be utilized with the 
existing dataset to make predictions by comparing known 
results [7]. In supervised learning, a higher prediction success 
can be achieved by using more data.  
 
2. K-Nearest Neighbors Algorithm: K-nearest neighbor 
(KNN) algorithm is broadly implemented in various fields 
with efficient and robust features [1-7,8], which is an instance-
based learning method [3,8]. For a data record t to be 
classified, its k nearest neighbors are retrieved, which forms a 
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neighborhood of t. The majority voting among the 
neighborhood’s data records is usually used to determine the 
classification for t with or without considering the distance-
based weighting. However, an appropriate k value needs to be 
selected as the classification's success depends on the k value 
[9]. 
 In the present study, the K-Nearest Neighbors (KNN) 
algorithm, one of the Supervised Learning algorithms, was 
used. The KNN algorithm is used in classification problems to 
learn the class of the data to be predicted based on a 
previously validated dataset.  A k value (number of neighbors) 
is determined to predict the data class. The value shows the 
number of neighbors closest to the predicted data. Besides, a 
Distance Metric is chosen together with the k value. The k 
value is set '1' by default in Matlab, and the Distance Metric is 
Euclidean. After determining the k value and the Distance 
Metric, the result shows the nearest data class. 
 
3.  Distance Metrics: In the present study, Euclidean ve 
Minkowski distance metrics were used. 
 

• Euclidean Distance: Different distance functions 
have been used in the existing literature to measure 
the distance between points A and B in a feature 
space, where the Euclidean distance function is 
broadly used [10]. 
It shows the closest distance between two points. 

 

 

d : Distance  

n : Number of dimensions 

i : Initial value 

xi, yi : Datapoints 

 

 
Fig. 1. Graphic of Euclidean Distance  

 

• Manhattan Distance: It is the sum of the absolute 
values of the difference between the lines connecting 
the points on the coordinate plane. 

 

 

 
 

 d : Distance  

n : Number of dimensions 

i : Initial value 

 xi, yi : Datapoints 

 

 
Fig. 2. Graphic of Manhattan Distance 

 
• Minkowski Distance: Minkowski Distance is a 

generalized form of Euclidean and Manhattan Distance 
Metrics. It is used for distance calculations based on n 
variables. 

 

 
 d : Distance  

k : Number of dimensions 

n : Number of variables 

 xi, yi : Data points 

 

4.  Bayes Theorem: Bayes Theorem gives the probability of 
an event occurring based on a known event that occurred 
within probability. It is an effective method for many practical 
applications (e.g., text classification and medical diagnosis) 
[11] due to its simple algorithm that can make faster 
predictions [12].  

Let A1, A2, A3, ..., An is an array within the same dataset. 
If event B is a known event, the probability of this event 
occurring due to the Aj event; 

 

B(y1,y2) 

A(x1,x2) 

B(y1,y2) 

A(x1,x2) 
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III. DATASET PRESENTATION 

A dataset consisting of 1700 rows and 112 columns with 
the patients' age, sex, diabetes mellitus and arrhythmia disease 
histories was used. From this dataset, four columns (age, sex, 
diabetes mellitus and arrhythmia disease records) and 1700 
lines were converted into separate files, 70% as training set 
and the remaining 30% as test dataset to be used in the 
prediction in the Matlab program. 

 

IV. PROBLEM 

Existing studies show that diabetes is important in heart 
conditions. In the present study, gender, age, diabetes history 
of the patients and the prediction of arrhythmia of the patients 
were emphasized. Bayes and KNN Algorithms were applied 
separately to the prepared dataset. 

 

A.   Solution Methods 

First, age, sex, diabetes mellitus and arrhythmia columns 
belonging to the patients' dataset were prepared as 70% 
training data and the remaining 30% test data. These data were 
assigned to two different variables as training and test. Then, 
the model was created by using the variables containing the 
training set information. The accuracy rates were found by 
making comparisons using the training dataset variable and test 
dataset variables, and finally, a separate confusion chart was 
prepared for each case. 

 

1. Bayes Theorem: In this method, age, sex and diabetes 
mellitus history values of the patients were used, and the 
answer was addressed for the arrhythmia prediction of the 
patients. Bayes theory was applied based on the information of 
1188 patients.  

 
Fig. 3. Confusion Chart of Bayes Theorem 

 

As shown in the confusion chart (Figure 3), 484 patients 
were correctly predicted to have no arrhythmia at true class. 
According to the true class, 8 patients were wrongly predicted 
to have an arrhythmia. In the prediction made using the Bayes 
theorem, the accuracy rate was found as 94.72%. 
 

2.  K-Nearest Neighbors Algorithm: 

• k=1 Distance Metrics: Euclidean  & Minkowski: 
Age, sex and diabetes mellitus history values were used 
with the KNN Algorithm, and the answer was addressed 
for the arrhythmia prediction of the patients. Based on 
the information of 1188 patients, the KNN algorithm 
was used, and k = 1 and Distance Metrics: Euclidean 
and Minkowski were set. 

 
Fig. 4. Confusion Chart of KNN Algorithms with k=1 

 

From the true class shown on the confusion chart (Figure 

4), 461 out of 492 patients were correctly predicted to have no 

arrhythmia. Incorrect predictions were made for 23 patients 

without arrhythmia and 8 patients with arrhythmia. 

Accordingly, the accuracy rate was found as 90.22%. 

 

• k=2 Distance Metrics: Euclidean & Minkowski: 

In the second trial, age, sex and diabetes mellitus 

history values were used for 1188 patients using the 

KNN Algorithm. The answers were addressed for the 

arrhythmia prediction of the patients. With a value of 
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k=2, Distance Metrics were selected as Euclidean and 

Minkowski. 

 

 
Fig. 5. Confusion Chart of KNN Algorithms with k=2 

 

Correct predictions were made for 449 out of 484 patients 

who did not have arrhythmia at true class. Inaccurate 

predictions were made for 35 people without arrhythmia. 

Incorrect predictions were made for 8 patients with 

arrhythmia. With the value of k = 2, the lowest accuracy rate 

was found as 87.87%. 

 

• k=3 Distance Metrics: Euclidean & Minkowski: In 

the third trial, information from 1188 patients was 

used. KNN Algorithm was used. Distance Metrics: 

Euclidean and Minkowski were selected with a value 

of k = 3. Age, sex and diabetes mellitus historical 

values of the patients were used, and the answer was 

addressed for the arrhythmia prediction of the patients. 

 

 
  Fig. 6. Confusion Chart of KNN Algorithms with k=3 

 

 
As shown in the confusion chart, 480 of 484 patients without 
arrhythmia were predicted correctly, and 4 patients were 
incorrectly predicted. Incorrect predictions were made for 8 
patients with arrhythmia. k = 3 and Distance Metrics: 
Euclidean and Minkowski were selected, and the accuracy rate 
was found as 93.93%. 
 

• k=4  Distance Metrics: Euclidean & Minkowski: In 
the fourth trial, KNN Algorithm was used based on the 
information of 1188 patients, and Distance Metrics: 
Euclidean and Minkowski were chosen, and the value 
of k = 4 was set. The answer was addressed for 
arrhythmia prediction using the patients' age, sex, and 
diabetes mellitus prediction classes 

 

 
 Fig. 7. Confusion Chart of KNN Algorithms with k=4 

 
As shown in the confusion chart (Figure 7), the predictions 

were correct for 476 of 484 patients without arrhythmia. For 
the remaining 8 patients, incorrect predictions were made. The 
prediction of 8 patients with arrhythmia was wrong. In the 
prediction made by selecting k = 4 and Distance Metrics: 
Euclidean and Minkowski, the accuracy rate was 93.15%. 

 

• k=5  Distance Metrics: Euclidean and Minkowski: 

In the fifth experiment, the highest accuracy rate was 

reached with k = 5 with the KNN Algorithm. Distance 

Metrics: Euclidean and Minkowski were selected; the 

answer was addressed for the arrhythmia prediction of 

the patients with age, sex, diabetes mellitus prediction 

classes based on the information of 1188 patients. 

 

 
Fig. 8. Confusion Chart of KNN Algorithms with k=5 

 

As shown in the confusion chart (Figure 8), correct 
predictions were made for 484 patients without arrhythmia 
from 492 patients. Incorrect predictions were made for 8 
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patients with arrhythmia. Choosing k = 5 and Distance Metrics: 
Euclidean and Minkowski, the accuracy rate was 94.72%. 
 

V. CONCLUSIONS 

Age, sex and diabetes mellitus history values of the 

patients were used in the algorithms trained according to the 

given database. The answer was addressed for the arrhythmia 

prediction of the patients. 70% Training dataset and 30% Test 

dataset were used. Firstly, the accuracy rate was 94.72% in the 

predictions made with Bayes Theorem. In the predictions 

made with the KNN Algorithm, the accuracy rate was varied 

in the range of 87.87% - 94.72% depending on the 

corresponding k values (1-5). The accuracy rates showed 

increasing and decreasing trends depending on k values from 

1 to 5. Thus, the k value was tested with random values up to 

100, and similar accuracy rates were reaches as the highest 

accuracy rate was reached after the k = 5. The Distance 

Metrics (Euclidean and Minkowski) in the KNN Algorithm 

did not influence the predictions. It was shown that the 

accuracy rate obtained through the k = 5 value in the KNN 

Algorithm and Bayes theorem was the same.   

 

TABLE 1. CLASSIFICATION ACCURACY OF METHODS 

Method Bayes 
KNN 

k=1 

KNN 

k=2 

KNN 

k=3 

KNN 

k=4 

KNN 

k=5 

Distance 
Metric 

- 
Euc. 
Min. 

Euc. 
Min. 

Euc. 
Min. 

Euc. 
Min. 

Euc. 
Min. 

Accuracy 
(%) 

94.72 90.22 87.87 93.93 93.15 94.72 

 
Euc. : Euclidean 

Min.   : Minkowski 
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