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ABSTRACT

Diabetes mellitus is a common chronic metabolic disease which, if not diagnosed, can cause a host of serious
diseases like cardiovascular diseases, kidney failure, nerve damage, etc. Timely and accurate diagnosis can help
to save treatment costs and enhance treatment outcomes for patients with diabetes. In this project, a Machine
Learning based diabetes prediction system is developed on the basis of the Pima Indian Diabetes dataset which
contains clinical parameters like Glucose level, Blood pressure, BMI, Insulin level, Age, Heart disease,
Smoking history. The pre-processed data is used to implement, train and test three supervised classification
algorithms: Decision Tree, Random Forest, and Gradient Boosting. In order to compare the models, their
accuracy is chosen as the primary performance measurement. The results of the experiments indicate that the
Gradient Boosting model has the highest accuracy of 97%, followed by Random Forest with 90% accuracy and
Decision Tree with 86% accuracy. The results show that ensemble and boosting based methods significantly
outperform simple tree-based classifiers for this prediction task, which makes Gradient Boosting the most
appropriate model to be used with a real-world diabetes risk assessment tool.
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INTRODUCTION

Diabetes mellitus is a common chronic disease that affects millions of people worldwide. It's when the body
does not make enough insulin or the insulin it does make doesn't work properly, causing blood glucose to rise.
Diabetes can cause heart disease, kidney damage and failure, nerve damage, and vision loss if it isn't caught
early. Hence, diabetes diagnosis is crucial to enhance the health of the patient and minimize health issues
associated with diabetes. As healthcare data continues to expand, machine learning has proven to be a valuable
tool in healthcare predictions. With the help of machine learning algorithms, patient information can be
analysed, patterns can be identified and the risk of diabetes can be predicted fairly accurately. But many
prediction systems only deliver the result and they don't show you how to make the prediction, so it's hard for
the healthcare professional to understand the result. An ontology-based Diabetes Prediction system based on
machine learning algorithm is proposed in this work. The system is comparing three different classification
algorithms: Decision Tree, Random Forest and Gradient Boosting. Of these, Gradient Boosting has the best
prediction performance; Decision Tree is adopted to provide rules which are translated into SWRL rules, and are
stored in an OWL ontology. The ontology provides an explanation of the prediction by doing semantic
reasoning on patient data. The proposed system is developed as a web app using Flask which allows users to
input clinical data and get diabetes risk predictions along with ontology-based explanations. This would
integrate the predictiveness of machine learning with the interpretability of ontology, thereby being a helpful
decision support system for early diabetes screening.
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LITERATURE SURVEY
Diabetes mellitus is a one of the most prevalent chronic diseases globally and should be diagnosed in a timely
manner to prevent serious adverse health effects. As medical information develops, machine learning has proven
to be a useful tool to support early prediction of diabetes. Many studies have used the PIMA Indian Diabetes
Dataset to evaluate different classification algorithms. The previous researches primarily have targeted the
accuracy of the predictions by employing appropriate preprocessing methods, feature engineering and complex
machine learning models.
A. Diabetes Prediction Using Machine Learning
The use of machine learning has been effective in predicting diabetes by recognizing patterns of patient health
information. Logistic Regression, Support Vector Machine, Naive Bayes, Decision Tree, Random Forest and
Gradient Boosting are some of the popular algorithms used for disease classification. The methods are reported
to be more accurate and rapid than the traditional statistical methods, and could be useful in clinical decision
support.
B. Decision Tree Based Diabetes Prediction
Decision Tree is a simple supervised learning algorithm and it interprets the decisions in a tree-like structure. It
is widely used in healthcare as the decision rules generated are easy to understand. Decision Trees give
satisfactory classification results, but are prone to overfitting and are sensitive to noisy data. Despite these
restrictions, they are still significant as a baseline model for medical prediction tasks.
C. Diabetes Prediction by Using Random Forest.
Random Forest is an ensemble learning algorithm which uses several Decision Trees to increase the prediction
accuracy. It resulting more reliable and stable predictions. Random Forest is among the most popular algorithm
for healthcare applications as several studies have reported its higher accuracy compared to individual Decision
Trees.
D. Gradient Boosting Based Diabetes Prediction
Gradient Boosting is a strong ensemble method in which each new tree in the ensemble corrects the errors from
the previous tree in a sequence. It can detect complicated interactions between clinical features and typically has
high prediction accuracy. Although it takes longer to compute, Gradient Boosting has proven to be an effective
technique for prediction in many disease prediction systems due to its high predictive power.
Research Gap
There are numerous machine learning models that have been proposed for diabetes prediction, but there are still
some challenges. The majority of the current works in the literature rely on one algorithm while few provide a
comparison of several algorithms under the same conditions. Moreover, certain approaches focus exclusively on
predictive power rather than model interpretability, computational efficiency, and/or applicability in clinical
settings. These constraints emphasize the need for a proper comparative assessment of the reliability of
machine-learning algorithms processed through a standardised pre-processing and evaluation approach.

OBJECTIVES
This is the primary objective which aims at creating a machine learning based diabetes prediction system. The
pre-processed PIMA Indian Diabetes Dataset is finally fed into three classification algorithms, namely the
Decision Tree, Random Forest and Gradient Boosting. These models are tested and compared to find out which
model would yield the most accurate prediction of diabetes.

METHODOLOGY

In this study, diabetes prediction utilizing machine learning and ontology for early prediction of Diabetes. The
proposed framework classifies the patients as diabetic and non-diabetic by using supervised machine learning
techniques based on patient's clinical data. The methodology has six major steps: data preprocessing, feature
preparation, model training, integration of ontology, prediction and performance evaluation. The algorithms
used include Decision Tree, Random Forest, and Gradient Boosting, which are trained and evaluated to find out
which one is the best. The Decision Tree rules are translated to SWRL rules and combined with an OWL
ontology for semantic reasoning and interpretation of prediction. The final model is implemented as a web
application written in Flask, which returns diabetes predictions along with explanations in the form of an
ontology.

A. Overview of the Proposed System

To build an accurate and interpretable diabetes prediction framework, the proposed system combines the use of
machine learning algorithms with ontology-based reasoning. Supervised learning techniques are used to analyse
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patient clinical information to identify if a patient is diabetic or not. The framework can be divided into six
phases: data collection, data preprocessing, model development, integration of ontology, prediction generation
and performance evaluation. Three algorithms: Decision Tree, Random Forest, and Gradient Boosting are
trained and evaluated to find the best model. Decision Tree rules are further translated into SWRL rules and are
added in an OWL ontology for better interpretability of the prediction results. Finally, it was deployed to flask
web application.
B. Data Collection and Preprocessing
1) Data Collection
The diabetes prediction system proposed is based on a public set of 100,000 patient records. There are 8 clinical
attributes in each record: Gender, Age, Hypertension, Heart Disease, Smoking History, BMI, HbAlc Level,
Blood Glucose Level. Target variable: Diabetic or Non-Diabetic. These clinical features are used as input
features to train and test the machine learning algorithms.
2) Data Preprocessing
Before training the model, the data is preprocessed to improve the quality of the data and to make sure the
predictions are accurate. The dataset is loaded from a CSV file through the Pandas library and analyzed to check
the structure, data types and class distribution. Label Encoding: Numerical values are created from categorical
features — Gender, Smoking History. The chosen clinical characteristics are then used as feature input to
building the model. Finally, the data is split into 80% training data and 20% testing data by stratified sampling,
which will maintain the same class distribution. This processed data set is then fed into a Decision Tree,
Random Forest, and Gradient Boosting model for training and testing
C. Machine Learning Model Development
In this work three supervised machine learning algorithms have been implemented and compared.
Decision Tree (DT): A rule-based classification algorithm which makes a prediction based on important
clinical features using recursive partitioning of the dataset. It is also applied to produce rules for integration of
ontologies.
Random Forest (RF): An ensemble learning technique that picks several decision trees and classifies in the
manner of majority voting to increase the stability of the prediction and decrease the overfitting.
Gradient Boosting (GB): It is an ensemble method which constructs decision trees one by one, with the aim of
learning from the mistakes of the previous tree. This method can enhance the prediction accuracy and overall
model performance.
All the models are trained and tested on the same set of data and with the same experimental setup to have an
unbiased comparison.
D. Ontology Design and Rule-Based Reasoning
To improve the interpretation of the machine learning predictions and to convey clinical knowledge, a diabetes
ontology was created in Protégé. The ontology represents the relationships between patient information, clinical
parameters and diabetes diagnosis. It offers a semantic basis for reasoning and explaining the prediction results
by using the rules.
The ontology is designed to represent the key concepts involved in diabetes prediction. It consists of classes
such as Patient, Diabetic, Non-Diabetic, and Risk Level, which describe the main entities in the system. Data
properties including Age, Gender, BMI, HbAlc Level, Blood Glucose Level, Hypertension, Heart Disease, and
Smoking History are used to capture each patient's clinical information. Individual patient records are then
created using these attributes, allowing the ontology to represent real-world clinical data in a structured manner.
1) SWRL Rule Generation
The Decision Tree model is used to derive classification rules from the training data. The rules are then
translated into Semantic Web Rule Language (SWRL) rules and added to the ontology. The ontology can be
used for semantic reasoning and consistent diabetes risk classification by allowing the representation of the
decision logic in a human-readable format. Below are given some example rules written in SWRL.

e If patient has HbAlc Level > 6.5 and Blood Glucose Level > 126, then that means the patient is

classified as Diabetic.
e Ifthe BMI is > 30 and the Blood Glucose Level is > 126, then categorise the patient as High Risk.
e If HbAlc level < 5.7 and Blood Glucose level < 100, then the patient is classified as Nondiabetic.2)
Ontology Reasoning

2) Ontology Reasoning
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The ontology is implemented with a semantic reasoner to run the SWRL rules and draw conclusions about the
patient's category. Once data about the patient is loaded into the ontology, the reasoning process will access the
rules defined and decide the status of the patient's diabetes and the risk level. The inferred results are then shown
in the Flask application in addition to the machine learning prediction, thus creating an explainable and
interpretable decision supporting system.

E. Evaluation

Each model is evaluated on the held-out test set using accuracy as the primary metric. The comparative results
are summarized below:

Algorithm Accuracy (%) Key Characteristic Remarks
Decision Tree 85% Rule-based hierarchical splitting Simple, interpretable, moderate
accuracy
Random Forest 90% Ensemble of multiple decision trees | Reduces overfitting, improves stability
Gradient Boosting 97% Sequential boosting of weak learners | Best performing algorithm in this study

(Evaluation Results)
Gradient boosting is clearly better than both random forest and decision tree, as evident from the results, which
indicates that error correction sequential procedures in boosting methods are more effective on this diabetes
classification problem than using both random forest and decision tree methods. Random Forest is an ensemble
of independent trees that is better than the single Decision Tree, but is not as accurate as boosting

RESULTS AND DISCUSSION
The experimental evaluation shows that all the three machine learning algorithms are able to predict the
diabetes. Decision Tree performed well with an accuracy of 86% and gave easy to understand decision rules.
Random Forest enhanced the predictability performance to 95%, as it was able to combine several decision trees
and prevent overfitting. Gradient Boosting had the highest accuracy (97%) among all the algorithms in this
study; thus it is the most effective algorithm in predicting diabetes. It is an effective sequential learning strategy
that reduces the prediction errors and enhances the generalization. So, Gradient Boosting is chosen as the final
prediction model due to its better classification performance.
Confusion Matrix Analysis
The Gradient Boosting model has the classification accuracy in the confusion matrix depicted in Figure. It
accurately identified 18268 non-diabetic patients (True Negatives) and 1179 diabetic patients (True Positives).
There were 32 non-diabetic patients who were incorrectly classified as diabetic (False Positive) and 521 diabetic
patients who were incorrectly classified as non-diabetic (False Negative).
The few misclassifications show that the proposed model has a good predictive ability. The confusion matrix
also shows that the Gradient Boosting algorithm is reliable and accurate for predicting Diabetes and has very
few misclassifications.

Confusion Matrix — Gradient Boosting
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Figure 1: Confusion Matrix of the Model
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Performance Comparison
Performance comparison of the prediction accuracy of the three machine learning algorithms used in this study
is shown in the Figure. Decision Tree had an accuracy of 85%, Random Forest had an accuracy of 90% and
Gradient Boosting has the highest accuracy at 97%. The predictive ability of the Gradient Boosting algorithm
was clearly better than the other algorithms due to its sequential learning mechanism which is most useful in
redcin g the prediction error.
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Figure 2: Performance Comparison
Home Page of the Proposed System
This is the initial screen of the proposed system. This is the Home Page of the Proposed System. Home page of
the Diabetes Prediction System is shown. The web application offers a simple and user-friendly interface with
which the users can navigate to the module of predictions. The initial screen explains the functionality of the
system and leads to the diabetes prediction section.
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Figure 3: Home Page
Patient Details Input Page
Figure shows the clinical parameters page for patients to enter clinical data including glucose level, HbAlc
level, BMI, age, hypertension, history of heart disease, gender and smoking history. The machine learning
model uses these features as inputs to make a decision about the diabetes or not..
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Figure 4: Input Page
Prediction Result
Non-Diabetic Page
The figure shows the prediction result for a non-diabetic patient (as defined by the proposed Diabetes Prediction
System). The trained Gradient Boosting model predicts that the patient has a 0.99 probability of not having
diabetes, given the clinical parameters the user inputs, such as the level of HbAlc, blood glucose, BMI, age,
hypertension, history of heart disease, gender and smoking. It is predicted in real-time and presented on the
Flask Web application.

Non-Diabetic

Figure 5: Non-Diabetic

Diabetic Page

The prediction result for Diabetic Classified by the proposed Diabetes Prediction System is given below in
Figure. Once the user provides the clinical data, the input is analysed by the trained Gradient Boosting model
and the model predicts that the patient is diabetic. This result is immediately presented via the Web application
and enables the user to get an initial evaluation. The ontology-based reasoning mechanism will be able to
classify the patient as a Diabetic Patient by applying the rules generated with SWRL, simultaneously. The use of
machine learning and ontology improves the accuracy and explainability of the prediction process.
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Figure 6: Diabetic

CONCLUSION

In this project, the authors designed an intelligent system for prediction of diabetes by applying three supervised
machine learning algorithms: Decision Tree, Random Forest, and Gradient Boosting. This dataset consisted of
diabetes data, which were used to train and test the models to find out which technique will be more accurate to
predict the disease. The experimental results showed that the accuracy of Decision Tree, Random Forest and
Gradient Boosting were 86%, 90% and 97%, respectively. In all the models Gradient Boosting always
performed best in terms of prediction performance by reducing classification errors and the overall accuracy.
The proposed system can help the healthcare professionals to detect diabetes as early as possible and diagnose
and treat the diabetes at early stage. The system provides a rapid, accurate and economical decision-making aid
for diabetes prediction through using machine learning techniques. Evaluation methodology is implemented
using the common metrics like accuracy, precision, recall, F1-score and confusion matrix. In conclusion, the
project successfully showed that machine learning can be a valuable tool in the prediction of diabetes with
Gradient Boosting being the best algorithm for this specific dataset.
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