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Abstract 
Nowadays, cardiovascular diseases (CVD) are one of the most critical reasons for death. Thus, CVD 
prediction is a crucial challenge in the field of clinical data analysis. Researchers are using a variety of 
statistical and machine learning methods to assess immense amounts of complex medical data, to help 
doctors predict heart disease. In this paper, we proposed a new approach to predict CVD using ML 
techniques and Ontology to build an efficient ontology-based model able to predict accurately the presence 
of cardiac disease and establish an early diagnosis. the approach consists of extracting rules from the 
Decision Tree algorithm that differentiate the patients with or without cardiovascular disease then 
implementing these rules in the ontology reasoner using Semantic Web Rule Language (SWRL). The 
ontology model result reach high classification accuracy of 75% compared to the decision tree model. The 
approach can be employed in the medical field for the prediction of cardiovascular diseases. 

Keywords: Ontology; SWRL; Machine learning; Cardiovascular disease; Decision tree. 

1. Introduction 

The World Health Organization (WHO), has published a report on CVD, the report said that the main reason for 
CVD, is cause by mortality globally which is estimated around 17.9M people died of it in 2019, number were at 
the report that 32% of all death were worldwide. 85% suffered heart attack or stroke. In 2019, the too early deaths 
occurred before the age of 70 represent 38 percent of the aforementioned 17million are attributable for 
noncommunicable diseases. Given these statistical numbers, it is important to reveal cardiovascular disease as 
early as possible so that management with assistance and medicines can begin. 

In addition, the report has come with that we can prevent most cardiovascular disease by addressing behavioral 
risk factors such as alcohol and tobacco use, unhealthy diet and obesity, physical inactivity, age, gender, and 
history of the family. Several studies have been accomplished to predict cardiovascular diseases and numerous 
machine learning models have been deployed, for the purpose of classifying and predicting heart disease diagnoses 
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[Saranya and Pravin 2020]. For instance, this study [Ali et al. 2021] aimed to determine the best machine learning 
methods with the highest accuracy for predicting patients with CVD. For this purpose, various supervised 
machine-learning algorithms were applied and compared for performance such as K-nearest neighbor, Random 
Forest, Decision tree, AdaboostM1, Logistic regression, and Multilayer perceptron [AL-Taie et al. 2021].  

In this paper, we introduced a new approach consisting of merging Machine Learning and Semantic Web. On 
the one hand, ML algorithms autonomously learn to perform a task or make predictions from data and improve 
their performance over time, while the Semantic Web provides several formats for displaying data and ontological 
background knowledge. Merging the two together allowed us to build an ontology-based model able of predicting 
CVD with high accuracy. We have established a model ontological of knowledge representation through the OWL 
language, SWRL rules, and reasoner. To do so, we generate the rules from the decision tree algorithm, then we 
implemented them into the ontology by using Semantic Web Rule Language (SWRL). 

The rest of the paper is structured as follows: we present related work in Section 2, then we describe the 
methodology in section 3. Discussion and Result in section 4. Finally, conclusion and future works in section 5. 

2. Literature Review 

Recently, CVDs detection and prediction has received much attention in the last years, and different approaches 
have addressed this problem. Machine learning and the semantic web are the main focus currently lie on. 

In this survey [Swathy and Saruladha 2021], authors present a comparison of several classification and 
predictions for CVD. Such as, Data Mining Techniques, Machine Learning Models, and Deep Learning Models. 
[Mohd Faizal et al. 2021] A review of conventional and artificial intelligence (AI) risk prediction models in CVD, 
the authors found that while conventional risk prediction models are still the current gold standard and are 
generally used today, AI approaches such as machine learning and deep learning have been demonstrated to be 
practical to the analysis in meaningful ways in terms of the quantity of input and time reduction as compared to 
the conventional approach.  

The ML approach was discovered to be objective and helpful. Various methods, like Random Forest (RF) 
Algorithm, Support Vector Machines (SVM), Genetic algorithm (GA), and Artificial Neural Networks (ANN), 
Particle Swarm Optimization (PSO), Decision Trees (DT), Naive Bayes (NB) and K-Nearest Neighbor (KNN) 
[Mohan et al. 2019; Shah et al. 2020; Kondababu et al. 2021]. In another research, [Faieq and Mijwil 2022] the 
authors introduce two machine learning algorithms SVM and ANN to Early diagnose heart disease, and the high-
accuracy prediction results go to support vector machine. In [Lim et al. 2021], authors create a new hybrid model 
using support vector machine and artificial neural network to early detection of breast cancer disease, high 
accuracy of 98% was attained by the model. 

Moreover, on another side, Deep learning is used to learn complex prediction models and it has been 
successfully applied to several issues in healthcare in particular. Among them, [Bensenane et al. 2022] authors 
proposed a model with high performance in terms of accuracy, the model is about a two-stage deep learning LSTM 
neural network to classify arrhythmias. In [Krishnan et al. 2021], the authors introduce a predictive deep learning 
model for heart disease prediction, by implementing RNN, GRU, and LSTM. high-value accuracy of 98% was 
achieved. 

In another side, Semantic technology [Seeliger et al. 2019] uses formal semantics to assist AI techniques to 
understand language and processing information the way humans do. Also Semantic Web Technologies are used 
to support digital healthcare services [Barisevičius et al. 2018]. The use of ontologies and semantic web 
technologies [Manika et al. 2018; Mhammedi et al. 2022] like RDF, OWL and SPARQL can furnish the essential 
semantics for a variety of medical domains and, besides, can help as tools for making creative solutions technology 
to current issues. Moreover, ontology with big data can play an important role in healthcare issues [Mezghani et 
al. 2015; Irfan et al. 2019; El Massari et al. 2022]. 

Research has begun to publish regarding the integration of ML technologies and Semantic Web technology. 
[Khan et al. 2019] A machine-learning prediction model for a manufacturing network that can assist a project 
manager in allocating a newly received order among its suppliers, this model based on decision tree rules, 
ontology, and SWRL rules. Thus according to [JABARDI and Hadi 2020], they used Ontology and SWRL to 
create an effective model for detecting and classifying fake Twitter accounts. In [EL Massari et al. 2022; El 
Massari et al. 2022b], the authors developed and tested an ontology-based model that can predict diabetes patients 
using an ontology classifier based on a decision tree algorithm. 

3. Methodology 

The methodology adopted in this research is divided into three sections as shown in Fig. 1. The first step is data 
preprocessing which consist of transforming raw data into a useful format ready to be used in the classification 
process. In the second step, we used decision tree algorithm as a classifier capable to differentiate all possible 
rules to classify patients with or without CVD. In the third step, ontology engineering is employed for constructing 
the ontology and knowledge representation, after that we implemented the decision tree rules by switching or 
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converting them to rules-based reasoner of semantic web rule language which is used for detecting the absence or 
presence of cardiovascular disease. 

 
Fig. 1. Methodology steps. 

3.1.  Data preprocessing 

The cardiovascular Disease dataset is used in this paper. The dataset consists of 70 000 records of patients’ data, 
11 features plus a target. Table 1 gives a detailed explanation of the attributes. The dataset can be downloaded 
online a in CSV format, and should be converted to ARFF format to be ready for use by Weka software. 
 

Attribute Description 
1- age Age (days) 
2- height Height (cm) 
3- weight Weight (Kg) 
4- gender Gender (Male/Female) 
5- ap_hi Systolic blood pressure 
6- ap_lo Diastolic blood pressure 
7- cholesterol Cholesterol (1: normal, 2: above normal, 3: well above 

normal) 
8- gluc Glucose (1: normal, 2: above normal, 3: well above 

normal) 
9- smoke Smoking (binary) 
10- alco Alcohol intake (binary) 
11- active Physical activity (binary) 
12- cardio Target Variable (0 or 1). Presence or absence of 

cardiovascular disease 

Table 1.  Dataset feature’s information. 

3.2.  Decision tree algorithm 

The Decision Tree algorithm is a member of the supervised learning algorithm family used in statistics, data 
mining, and machine learning [Sabouri et al. 2022]. The decision tree approach, unlike other supervised learning 
algorithms, may also be utilized to solve regression and classification issues. We have selected the decision tree 
algorithm for many reasons, the result of the classification tree is easier to understand and interpret, and it supports 
multiple data types such as numeric, nominal, categorical, etc. The objective of employing a Decision Tree is to 
build a training model that can predict the class or value of the target variable by learning basic decision rules 
from past data (training data).  
WEKA Software [Srivastava 2014] was used to create a predictive decision tree using the J48 classifier algorithm. 
The training set was validated using 10-fold cross-validation. Furthermore, all J4.8 settings were kept at their 
default values. 
Fig. 2 illustrates the decision tree classification result, and Fig. 3 provides a snippet of the decision tree output 
(we got 580 leaves) that will be employed to generate SWRL rules which will be used in the ontology model. 

 
a https://www.kaggle.com/sulianova/cardiovascular-disease-dataset 
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Fig. 2. Decision Tree classification result. 

 
Fig. 3. Snippet of the decision tree output. 
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3.3.  Ontology construction 

Protégé is used to build the ontology, it’s an open-source platform that offers a suite of tools to a growing user 
community for building domain models and knowledge-based applications with ontologies. Fig. 4 illustrates the 
graphical representation of the ontology. Two main classes “Patient” and “Diagnostic”, two subclasses (absence 
and presence) of the Diagnostic class, and four subclasses (TP, TN, FN, FP) of “PatientEvaluationMetrics” class 
which is a subclass of “Patient”. Moreover, the data properties are the same as the dataset attributes explained in 
Table 1. 

 
Fig. 4. The ontology graph. 

After creating our ontology, we import the same cardiovascular disease dataset instances to it using the Cellfie 
plugin of Protégé software. 

Semantic Web Language Rules 

After creating and filling the ontology with the dataset, in this step we ought to determine the Semantic Web 
Language rules for reasoning. For that purpose, a java programing language is used to convert the extracted rules 
from the DT algorithm as illustrated in Fig. 3. Each leaf of the tree was extracted as a single SWRL rule using the 
java program. For instance, consider the SWRL rule taken from the first line of Fig. 3. 
 
First leaf of DT algorithm 

If   ap_hi ≤  129  &&  age  ≤  19931  &&  cholesterol = 1  &&  ap_hi  ≤ 118  &&  ap_hi  
≤ 24 &&  ap_hi  ≤ 12  &&  height ≤ 167  THEN put the patient in absence 

SWRL obtained 

Patient(?pt) ^ ap_hi(?pt, ?AP) ^ swrlb:lessThanOrEqual(?AP, ‘129’^^xsd:decimal) ^ 
age(?pt, ?AG) ^ swrlb:lessThanOrEqual(?AG, ‘19931’^^xsd:decimal) ^ cholesterol(?pt, ?CH) ^ 
swrlb:equal(?CH, ‘1’^^xsd:decimal) ^ ap_hi(?pt, ?AP) ^ swrlb:lessThanOrEqual(?AP, 
‘118’^^xsd:decimal) ^ ap_hi(?pt, ?AP) ^ swrlb:lessThanOrEqual(?AP, ‘24’^^xsd:decimal) ^ 
ap_hi(?pt, ?AP) ^ swrlb:lessThanOrEqual(?AP, ‘12’^^xsd:decimal) ^ height(?pt, ?H) ^ 
swrlb:lessThanOrEqual(?H, ‘167’^^xsd:decimal)  absence 
 
The program java generated a total of 580 rules which is the identical number of leaves extracted from the DT 
algorithm, then the SWRL tab plugin was used to import these rules into Protégé. For executing SWRL rules and 
inferring new ontology axioms, we need an OWL reasoner such as Pellet [Khamparia and Pandey 2017], it has 
better functionality to work with OWL and SWRL rules, particularly because it allows to define custom SWRL 
rules. The Pellet reasoner uses CVD data and SWRL rules to produce assumption and delivers the final decision 
which is absence or presence of CVD. Fig. 5 illustrates the results of individuals inferred by type based on SWRL 
rules. 
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Fig. 5. Result of individuals inferred. 

 

4. Result and discussion 

To evaluate the results obtained from the decision tree algorithm and the ontology model, we used the confusion 
matrix and various performance measures derived from it, such as Accuracy, Precision, Recall, F-Measure, etc. 
 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦  
𝑇𝑃 𝑇𝑁

𝑇𝑃 𝑇𝑁 𝐹𝑃 𝐹𝑁
   1  

 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛
𝑇𝑃

𝑇𝑃 𝐹𝑃
                           2  

 

𝑅𝑒𝑐𝑎𝑙𝑙
𝑇𝑃

𝑇𝑃 𝐹𝑁
                                 3  
 

F-Measure 2 ∗
𝑃𝑅𝐸𝐶 ∗ 𝑅𝐸𝐶
𝑃𝑅𝐸𝐶 𝑅𝐸𝐶

          4  

 
Based on the calculations of the confusion matrix, Table 2 and Fig. 6 summarizes the results of ML and ontology 
classifiers used in this approach. 
 

 Accuracy Precision Recall F-Measure 
Decision Tree 0.731 0.719 0.759 0.738 
Ontology Model 0.755 0.789 0.823 0.805 

Table 1.  Evaluation metrics of the decision tree and ontology. 
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Fig. 6. Comparison result of the decision tree and ontology. 

 
Based on results illustrated in Fig. 6 and Table 2, we observed that the ontology classifier is considered the best 
with high accuracy 75.5% compared to the decision tree classifier. We conclude that integrating machine learning 
and ontological reasoning may provide successful results. Furthermore, these comparative results demonstrate 
how OWL ontology's knowledge representation and reasoning capabilities may bring benefits other than 
classification. Furthermore, because the ontology classifier is an interpretable model, it may offer information on 
how the process reaches the decision. The ontology classifier produces equivalent and comparable results to 
machine learning classifiers. The results may also be interpreted by humans, and the rules can be modified or 
changed as needed. 

5. Conclusion 

In this paper, a new approach has been suggested to identify and classify patients with or without Cardiovascular 
disease, using Decision Tree algorithm, ontology, reasoner, and SWRL rules. This purpose was achieved by 
creating an ontology model based on a decision tree method and mapping it into an ontology using SWRL rules. 

The ontology classifier is considered the best with high accuracy of 75.5% compared to the decision tree classifier, 
this proves the efficacy of this approach and can be employed in the medical field for the prediction of 
cardiovascular diseases particularly or other diseases generally. 

As future work, we intend to automate the whole work by using the java APIs of all Materials used in this 
approach. In addition, we will compare our approach with other machi learning algorithms. 
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