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ARTICLE INFO ABSTRACT

Heart disease is the leading cause of death and poses a major challenge to global health
systems. The classification of heart disease risk factors is crucial for preventing serious
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1. Introduction

Heart disease is the leading cause of death, which has become a major global health challenge. According to a
report by the World Health Organization (WHO), more than 17.9 million deaths per year are caused by
cardiovascular disease, and more than 80% of these deaths are caused by heart attacks and strokes. Meanwhile,
31% account for total global deaths. [1][2]

Meanwhile, in Indonesia, the Ministry of Health (2022) reported that the prevalence of heart disease is
increasing every year, especially among people of productive age. These cases indicate that heart disease is not
only a medical problem, but also has a significant impact on public health, which will affect productivity and the
national economy. [3]

Unhealthy habits are a major factor in heart disease, including lack of exercise, a diet high in fat and salt,
smoking, alcohol consumption, and stress. Other risk factors for heart disease include obesity, diabetes, heredity,
and high cholesterol. [4][5]

Rapid technological advances to date have continued to undergo changes over time, encouraging
researchers to conduct research with the aim of developing tools to assist in diagnosing diseases, particularly
heart disease, through the application of machine learning [6]. Machine learning has become very popular in
recent years in analyzing medical data due to its ability to identify patterns in large amounts of data (big data).
This study uses several types of algorithms to classify the risk of heart disease in individuals using a medical
record dataset. The algorithms used are the Naive Bayes Algorithm, the K-Nearest Neighbors (KNN) Algorithm,
and the Decision Tree as a comparison of the classification process.

The Naive Bayes method is based on Bayes' theorem with a probabilistic approach. The assumption of
the Naive Bayes algorithm is that the attributes used in the dataset are independent of each other. The advantages
of the Naive Bayes algorithm are that it can handle large amounts of data and has high computational speed.
Han, Kamber, and Pei [7] explain that Naive Bayes is very effective in text and medical classification with stable
results even when there is an increase in data. However, the weakness of Naive Bayes is that the assumption of
independence between attributes in medical data is unrealistic.

Meanwhile, the K-Nearest Neighbors (KNN) algorithm classifies new data by considering the k closest
and most similar neighbors using the Euclidean Distance metric. The advantage of KNN is that it is easy to
implement and does not require training data. Tan, Steinbach, and Kumar [8] explain that the main weaknesses
of KNN are its sensitivity to unbalanced data and the number of k selected. In addition, adding data requires
more computation time, because predictions require distance calculations against training data.
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A significant difference can be seen in Decision Trees, namely the use of a rule-based approach in
presenting the decision-making process in a decision tree structure. The nodes are attributes, and the branches
contain the results of the process. The advantage of Decision Trees is that they are easy to understand. Quinland
[9] explains that Decision Tree algorithms can handle categorical and numeric data well. However, Decision
Trees have the disadvantage of tending to overfit when the tree structure is too complex, if there is a lot of noise
in the training data.

This study aims to compare the performance of the Naive Bayes, K-Nearest Neighbors (KNN), and
Decision Tree algorithms in classifying risk factors for heart disease. The test was conducted by measuring the
accuracy, precision, recall, and F1 score of each algorithm. It is hoped that this study will identify the most
optimal algorithm for improving the accuracy of early detection of heart disease risk, thereby assisting medical
professionals in diagnosing heart disease.

2.  State of the Art

Predicting the risk of heart disease using machine learning has become a growing focus of research due to
its ability to support early screening and clinical decision-making. Several classical algorithmic methods such as
Naive Bayes (NB), K-Nearest Neighbors (KNN), and Decision Tree (DT) are still widely used due to their ease
of implementation, high interpretability (especially in Decision Tree), and computational efficiency (Naive
Bayes). However, based on several research results, there is no single algorithm that is consistently accurate
across all types of datasets. Model performance is highly dependent on data quality, preprocessing, feature
selection techniques, and validation strategies. [10]

2.1. Naive Bayes Algorithm

Naive Bayes is a probabilistic algorithm based on Bayes' theorem. This algorithm assumes that features
are independent, so it can be used with large data sets [11].

Bayes' Theorem Formula:

__ PXI»PY)
POyIX) = P(X) (1)
Conditions:
y = class variable (heart attack: yes/no)
X =risk factor for heart attack If feature X is numerical data, then the conditional probability

P(X]y) can be calculated using the Gaussian distribution:
—(x—p 2

PX|y) =o——=e *7 ©)
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Conditions:
u = mean of data in a particular class
o? = variance of data in a particular class

2.2. K-Nearest Neighbors Algorithm

The K-Nearest Neighbors (K-NN) algorithm is a supervised learning method and belongs to the instance-
based learning group [12]. The lazy learning technique in the KNN method is commonly used in data prediction
or classification [13]. The initial stage of the KNN method process flow is to determine the K training data
objects that are closest to the test data objects [14].

The Euclidean distance formula is as follows:

Conditions:
d;= Distance
x; = Training Dataset
yi = Testing Dataset
i= Variable Dataset
n = Dimension Dataset
The stages of implementation using the K-Nearest Neighbor (KNN) method are described in the

following explanation:

1. Initial stage of determining the value of k
Determine the distance between the testing dataset and the training data
Next, sort the distances and determine the objects closest to k
Determine the closest category
Next, determine the majority of the K closest neighbors
The final stage is the prediction result with the test data point

A

2.3. Decision Tree Algorithm

A decision tree is a decision tree algorithm used for structured decision making. Decision trees are widely
used by researchers for data classification [15]. This algorithm selects the best attribute as the root of the tree
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based on Information Gain or Gini Index [16]. In line with this explanation, decision trees have inputs that are
tested based on sample data used for decision trees that will be tested for accuracy [17]. The Decision Tree
algorithm has been extensively tested and classified by researchers [17][18].
With Gian's Formula :

1G(S,A) = Entropy(S) — X 'f:]' Entropy(S,) 4)
Conditions:
S =Initial dataset
A = Attributes tested
Sv = Data subset based on attribute A
With the Entropy Formula:
Entropy(S) = —XP;Log,P; (5)
If the Gini Index is used, then the calculation is as follows:
Gini(S) = 1— ZP? (6)

2.4. Previous Research

Related research conducted by Dikayanto, Agil Langga, and Nilogiri Agung entitled "Comparison of
Naive Bayes Algorithm with K -Nearest Neighbor Algorithm for Heart Disease Prediction," tested the Naive
Bayes algorithm, which produced 10-fold cross-validation by testing the fourth data set, achieving an accuracy
of 90.00% and a precision of 86.67%. Then, the K-Nearest Neighbors algorithm resulted in an accuracy of 7
neighbors with 10-fold cross-validation testing by testing the 4th data folder with an accuracy of 80.00% and a
precision of 90.00% [19]. The similarity between this study and the author's study is that both use the Naive
Bayes algorithm and the K-Nearest Neighbor algorithm as problem-solving methods, while the difference is that
the author's study adds a Decision Tree algorithm as an additional problem-solving method, and the related study
only uses two algorithms.

Then, another study conducted by Muthohhar and Prihanto compared the Decision Tree, Naive Bayes,
and Random Forest Classifier algorithms with cases of heart disease classification. Testing results with average
data obtained a value of 0.844 with random search using the Decision Tree Algorithm and grid search 0.84.
Naive Bayes was tested without any difference between evaluations using random search and grid search, only
0.85. Random Forest was also tested in this study with a classifier value of 0.852 and grid search 0.868. The
classification results showed that the Random Forest Classifier Algorithm was the best at classifying heart
disease [20]. The similarity with the author's research was in the use of the Decision Tree Algorithm and Naive
Bayes for heart disease classification, while the difference was that the author's research added K-Nearest
Neighbors, whereas the related research used Random Forest.

Then, research by Tuloli, et al compared the performance of the C4.5, Naive Bayes, and K-Nearest
Neighbors (KNN) algorithms for predicting heart disease using a clinical dataset. The test results showed that the
C4.5 algorithm was superior to the other algorithms, with an accuracy rate of 81.07%, while Naive Bayes had an
accuracy of 79.10% and KNN had an accuracy of 75.68%, indicating that C4.5 is effective in detecting the risk
of heart disease [21]. From this data, it can be seen that machine learning is effective in classifying cases.
Researchers developed a comparison of Naive Bayes, K-Nearest Neighbors, and Decision Tree to analyze data
accuracy with the latest, larger dataset (big data). The research conducted by previous researchers appears to be
significantly different from the research conducted by the author.

3. Research Methodology

This study uses three methods of classification, namely the Naive Bayes method, K-Nearest Neighbors (KNN),
and Decision Tree in analyzing and classifying big data. The initial stage involves identifying problems and
formulating objectives so that the research remains within a focused context.

Next, data collection was carried out related to the classification of the Naive Bayes, K-Nearest
Neighbors (KNN), and Decision Tree methods using relevant and credible sources. Next, data cleaning was
performed on the obtained data to clean up inefficient, duplicated, and invalid data. Then, data preprocessing
was performed, including feature selection, which has a significant influence on the classification results.

The K-Nearest Neighbors (KNN) method is implemented by determining the optimal K value, which
aims to measure data proximity. Then, the Naive Bayes method is implemented to calculate probabilities
according to attributes and classify the highest probability values. Then, evaluate the model's performance by
measuring the accuracy and credibility of the method used. The evaluation stage is carried out using accuracy,
precision, and recall metrics to measure the method's ability to classify accurately and precisely.

After testing these three methods, the final step was to compare the Naive Bayes, K-Nearest Neighbors
(KNN), and Decision Tree methods to find patterns, relationships, and new information that could contribute to
the classification model in this study.
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Figure 1. Research Methods and Stages [22]

4. Results and Discussion
In this study, researchers used machine learning classification models with the Naive Bayes, K-Nearest
Neighbors (KNN), and Decision Tree methods using Python. The Heart Disease dataset used in this study was
obtained from the website kaggle.com under the title “Heart Disease Prediction Dataset.” This data contains
6025 patient data, where the dataset is divided into test data and training data with a ratio of 80% test data and
20% training data, compiled with 14 attributes or clinical features with the classification of patients who have
heart disease or not.
4.1 Dataset Collection

In this study, the data used was obtained from a publicly available heart disecase dataset from Kaggle
containing 6025 data points, accessible via the link https://www.kaggle.com/datasets/iamcaano/heart-disease-
prediction-dataset. This dataset contains various health parameters related to heart disease risk, such as age,
gender, blood pressure, cholesterol levels, and several other relevant variables. Table 1 is the dataset collection
for testing in this study :

Table 1. Test Collection Dataset Comparing the Naive Bayes, K-Nearest Neighbors, and Decision Tree
Methods for Classifying Heart Disease Risk Factors
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No [ age B sex Bl cp Bl trestbps [l chol [l s [l restecg Bl thalach Bl exang Bl oldpesk Bl siope [l ca [l thal Bl target B

1 52 1 0 125 212 0 1 168 0 1 2 2 3 0

2 3 1 0 140 203 1 0 155 1 31 0 0 3 0

3 0 1 0 45 174 © 1 125 1 26 0 o 3 0

4 & 1 o0 48 203 0O 1 161 0 0 2 1 3 0

5 62 0 0 138 204 1 1 106 0 19 1 3 2 0l

6 58 0 0 100 248 0 0 122 0 1 1 0 2 1

7 8 1 0 114 318 0 2 140 0 44 0o 3 1 0

8 s5 1 0 160 289 0O 0 145 1 8 1 1 3 0l

9 46 1 o0 120 249 0 0 144 0 8 2 0 3 0

10 54 1 0 122 286 0 0 116 1 2 12 2 0|
6018 630 10 30 1100 2020 0 0 1460 10 19 20 0 2 10
6019 420 10 10 1330 1950 O 10 1320 0 0 10 10 30 10
6020, 500 10 20 1180 1450 O 0 1250 0 9 0 30 0 10
6021, 540 0 20 1230 2820 O ) 990 10 2 10 20 20 10
6022] 440 10 10 1300 2190 0 0 1880 0 0 20 0 20 10
6023 540 O 0O 1800 3250 0O 20 1180 10 36 10 40 20 0
6024, 570 10 20 1520 1320 10 10 1770 0 1 20 30 20 10
| 6025, 520 10 o0 1120 2300 O 10 1600 0 20 10 20 0

4 -

(Source: https://www.kaggle.com/datasets/iamcaano/heart-disease-prediction-dataset. Accessed on October 22,
2025, at 10:21 p.m. WIB)

4.2. Testing The Naive Bayes Algorithm

Based on testing conducted on a heart disease dataset using the Naive Bayes Algorithm in Google Colab
(Python), with a test data proportion of 80% and training data proportion of 20%, performance evaluation results
showed an accuracy of 76%, precision of 75%, recall of 76%, and an F1-Score of 76%. A visualization of the
calculations is available in Figure 2 :

==== Naive Bayes ====

Accuracy : 90,7635
Precision { 9.7554
Recall : 08,7635

Fl-Score : ©.7584

Classification Report:

precision recall fl-score support

0.9 .59 8.52 9.55 340

1.9 .82 9.86 2.84 865

accuracy e.76 12e5
macro avg 2.71 9.69 e.7e 12e5
weighted avg e.76 9.76 0.76 1205

Figure 2. Results of Naive Bayes Algorithm Testing
4.3. Testing the K-Nearest Neighbors Algorithm

The results of testing the heart disease dataset with a comparison of 80% test data and 20% training data
in the K-Nearest Neighbors (KNN) algorithm -Nearest Neighbors (KNN) algorithm in Python using Google
Colab yielded an accuracy score of 78%, a precision score of 81%, a recall score of 78%, and an F1-Score of
79%. The results of the calculations can be seen in Figure 3 below :
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==== K-Nearest Neighbors ====

Accuracy : 8.7801
Precision : 9.8078
Recall : 9.7801

Fl-Score : ©.7878

Classification Report:

precision recall fl-score  support

2.0 2.58 .77 0.66 34e

1.0 09.99 .78 0.84 865

accuracy .78 12e5
macro avg 0.74 e.78 .75 1205
weighted avg 0.81 0.78 0.79 1205

Figure 3. Results of K-Nearest Neighbors (KNN) Algorithm Testing
4.4. Testing the Decision Tree Algorithm

The results of testing the heart disease dataset with a comparison of 80% test data and 20% training data
in the Decision Tree Algorithm in Python using Google Colab Research yielded an accuracy score of 86%, a
precision score of 87%, a recall score of 86%, and an F1-Score of 86%. The calculation results can be seen in
Figure 4 below :

s=s= Decision Tree =s==
Accuracy : ©.8589
Precision : 0.8671
Recall : 0.8589
Fl-Score : 0.8616

Classification Report:
precision recall fl-score support

0.0 0.72 e.82 0.77 340

1.0 0.93 0.87 @.90 865

accuracy 0.86 1205
macro avg 9.82 ©.85 0.83 1205
weighted avg 0.87 2.86 0.86 1205

Figure 4. Results of K-Nearest Neighbors (KNN) Algorithm Testing
After testing, the researchers then compared the test results from several algorithms, using the Accuracy,
Precision, Recall, and F1-Score metrics. This was done to identify the most effective and appropriate algorithm
for the heart disease data set, as presented in Table 2.
Table 2. Comparison Table of Results Comparing the Naive Bayes, K-Nearest Neighbors, and Decision Tree
Methods for Classifying Heart Disease Risk Factors

=== Comparison Table of Results ===
Model Accuracy | Precision | Recall F1-Score
0 | Naive Bayes 0.763485 | 0.755393 | 0.763485 | 0.758371
1 | K-Nearest Neighbors | 0.780083 | 0.807777 | 0.780083 | 0.787784
2 | Decision Tree 0.858921 | 0.867138 | 0.858921 | 0.861559
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Figure 5. Comparison of Accuracy, Precision, Recall, and F1 Score for Each Model
Table 2 and Figure 5 show that the Naive Bayes method has an accuracy value of 76%, precision value of
75%, recall value of 76%, and fl-score value of 76%, while the K -Nearest Neighbors method has results of 78%
accuracy, 81% precision, 78% recall, and 79% fl1-score, and the Decision Tree method has results of 86%
accuracy, 87% precision, 86% recall, and 86% fl-score.
5. Conclusions

The results of this study conclude that the application of the Decision Tree method to the heart disease dataset
yielded the best performance on the 20% training data, with an accuracy of 86%, precision of 87%, recall of
86%, and an Fl-score of 86%. The application of the K-Nearest Neighbors method to the heart disease dataset
obtained values on 20% training data, namely accuracy of 78%, precision of 81%, recall of 78%, and f1-score of
79%. The application of the Naive Bayes method to the heart disease dataset obtained values on 20% training
data, namely accuracy of 76%, precision of 75%, recall of 76%, and f1-score of 76%. Based on the results of the
method comparison described above, the Decision Tree method has more effective and accurate performance in
detecting patients with a high risk of heart disease compared to the K-Nearest Neighbors and Naive Bayes
methods in terms of accuracy, precision, recall, and F1-score.
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