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Abstract

Diabetes is a long-term metabolic disorder that affects millions of people and can lead to serious health
complications if it is not identified at an early stage. Predicting the disease in its initial stages allows patients
to recetve timely medical attention and helps reduce the risk of severe complications. In recent years, machine
learning has become a useful approach for analyzing healthcare data and supporting disease prediction. In
this study, a diabetes prediction model was developed using the Pima Indians Diabetes Dataset, which
contains medical information from 768 patients. The dataset was preprocessed by handling missing values,
standardizing the input features using StandardScaler, and splitting the data into training and testing sets.
Five supervised machine learning algorithms—ILogistic Regression, Decision Tree, Random Forest, Support
Vector Machine (SVM), and K-Nearest Neighbors (KNN)—were trained and evaluated to determine the
most suitable model for prediction.

The performance of each algorithm was assessed using accuracy, precision, recall, and FI1-score. Among the
evaluated models, the Random Forest classifier produced the most balanced performance and achieved an
accuracy of 75.8%. Based on these results, the Random Forest model was selected for deployment. To make
the prediction system easy to use, the trained model was integrated into a Streamlit web application that
allows users to enter clinical information and obtain an instant prediction.

The proposed system demonstrates how machine learning can support early diabetes prediction and assist
healthcare professionals in making timely decisions. It also highlights the potential of simple, data-driven
tools to improve preventive healthcare and patient management.

Keywords— Diabetes Prediction, Machine Learning, Random Forest, StandardScaler, Healthcare, Pima
Indians Diabetes Dataset, Streamlit.

Introduction

Diabetes is one of the most common chronic diseases affecting people around the world. It occurs
when the body is unable to produce enough insulin or cannot effectively use the insulin it produces,
resulting in increased blood glucose levels. If diabetes is not diagnosed and managed at an early
stage, it may lead to serious health problems such as heart disease, kidney failure, nerve damage,
and vision loss. Therefore, identifying individuals who are at risk before complications develop is
an important step in improving healthcare outcomes. In recent years, healthcare organizations
have generated large volumes of medical data through routine clinical examinations and patient
records. Analyzing this information manually is often time-consuming and may not always reveal
meaningful patterns. Machine learning provides an effective way to analyze such data, identify
relationships among different clinical factors, and support disease prediction. These techniques can
assist healthcare professionals by providing additional insights during the decision-making
process. This study focuses on developing a machine learning model for predicting diabetes using
the Pima Indians Diabetes Dataset. The dataset contains patient information such as the number
of pregnancies, glucose level, blood pressure, skin thickness, insulin level, body mass index (BMI),
diabetes pedigree function, and age. Before training the models, the dataset was preprocessed by
handling missing values, standardizing the features using StandardScaler, and dividing the data
into training and testing sets.
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Their performance was compared using accuracy, precision, recall, and F1-score to determine the most suitable model for diabetes
prediction. Five supervised machine learning algorithms—Logistic Regression, Decision Tree, Random Forest, Support
Vector Machine (SVM), and K-Nearest Neighbors (KNN)—were implemented and evaluated.

mong these algorithms, Random Forest provided the best overall performance and was selected for deployment. The final model
was integrated into a Streamlit-based web application, allowing users to enter patient information and receive an instant
prediction.

The main objective of this work is to develop a reliable and user-friendly system that can support the early prediction of diabetes
using machine learning techniques. Although it is not intended to replace medical diagnosis, the proposed system can serve as a
supportive tool for healthcare professionals and individuals by providing quick and data-driven predictions.

Research Objectives

e Analyze and preprocess diabetes dataset

. Implement ML models (LR, SVM, KNN, DT, RF, GB)
. Evaluate using accuracy, precision, recall, I'1-score

e Identify best model

e Deploy using Streamlit

e Support early diagnosis

Methodology

The system follows a structured pipeline:

=  Data collection from Pima dataset

*  Data preprocessing (handling missing values, scaling)
= Train-test split (80%-20%)

L Model training using multiple algorithms

. Performance evaluation

. Selection of Random Forest

=  Deployment using Streamlit

Data Collection

The study uses the Pima Indians Diabetes Dataset; a publicly available dataset widely used for diabetes prediction research. It
contains 768 patient records with eight clinical attributes: Pregnancies, Glucose, Blood Pressure, Skin Thickness, Insulin, Body
Mass Index (BMI), Diabetes Pedigree Function, and Age. The target variable, Outcome, indicates whether a patient has diabetes
(1) or does not have diabetes (0).

Data Preprocessing

Data preprocessing was performed to improve the quality of the dataset before training the models. Missing or invalid values in
selected attributes were handled appropriately. The dataset was then standardized using StandardScaler, which transforms
numerical features to a common scale with a mean of zero and a standard deviation of one. This step improves the performance of
algorithms that are sensitive to differences in feature scales, such as SVM and KNN. Finally, the dataset was divided into training
and testing sets for model development and evaluation.

Machine Learning Models
Five supervised machine learning algorithms were implemented and compared in this study.
e Logistic Regression: A statistical classification algorithm used to predict whether a patient is diabetic or non-diabetic.

® Decision Tree: A tree-based model that makes predictions by splitting the dataset into decision nodes based on feature
values.

e Random Forest: An ensemble learning method that combines multiple decision trees to improve prediction accuracy and
reduce overfitting.

®  Support Vector Machine (SVM): A classification algorithm that identifies the optimal decision boundary for separating
different classes.

¢  K-Nearest Neighbors (KNN): An instance-based algorithm that classifies a patient according to the majority class of its
nearest neighboring data points.

Model Evaluation

The performance of all models was evaluated using accuracy, precision, recall, and F1-score. These evaluation metrics provide a
comprehensive assessment of each model's classification performance and help identify the most reliable algorithm for diabetes
prediction.

Model Deployment

Based on the experimental results, the Random Forest model was selected for deployment because it provided the most balanced
overall performance. The trained model was integrated into a Streamlit web application, allowing users to enter patient health
information and receive an instant prediction regarding diabetes risk. This web-based system demonstrates the practical
application of machine learning in supporting early diabetes prediction.
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Literature Survey

Diabetes has become one of the fastest-growing chronic diseases worldwide, encouraging researchers to develop reliable
prediction systems using machine learning. Early prediction helps healthcare professionals identify individuals who are at risk and
initiate treatment before serious complications develop. As a result, many studies have investigated different machine learning
algorithms to improve the accuracy of diabetes prediction.
Several researchers have used the Pima Indians Diabetes Dataset because it contains important clinical attributes such as
glucose level, blood pressure, BMI, insulin, age, and diabetes pedigree function. This dataset has become a common benchmark for
evaluating diabetes prediction models and comparing the performance of different classification algorithms.
Previous studies have shown that Logistic Regression is widely used because it is simple to implement and produces easily
interpretable results. It performs well when the relationship between the input variables and the target variable is relatively
straightforward. However, its performance may decrease when the data contains complex patterns that cannot be represented by a
linear model.
Researchers have also explored Decision Tree and Random Forest algorithms for diabetes prediction. Decision Trees are easy to
understand and visualize, but they may overfit the training data if the tree becomes too complex. Random Forest addresses this
limitation by combining multiple decision trees, resulting in more stable predictions and better generalization. Because of its
robustness, Random Forest has been reported as one of the most reliable models for healthcare prediction tasks.
Other machine learning methods, including Support Vector Machine (SVM) and K-Nearest Neighbors (KNN), have also been
applied to diabetes prediction. SVM is effective for classification problems with clear decision boundaries, while KNN classifies new
samples by comparing them with similar patient records. Although both methods can provide satisfactory results, their
performance is influenced by feature scaling and parameter selection.
Most existing studies agree that data preprocessing plays an important role in improving prediction performance. Handling
missing values, standardizing numerical features, and selecting appropriate evaluation metrics help improve the reliability of
machine learning models. Researchers have also emphasized that comparing multiple algorithms provides a better understanding
of their strengths and limitations instead of relying on a single model.
Based on these findings, this research evaluates Logistic Regression, Decision Tree, Random Forest, Support Vector
Machine (SVM), and K-Nearest Neighbors (KNN) using the Pima Indians Diabetes Dataset. The models are compared using
accuracy, precision, recall, and F1-score, and the best-performing model is deployed through a Streamlit application to provide a
practical and user-friendly diabetes prediction system.
Experimental Setup and Implementation
A. System Environment

The proposed diabetes prediction system was developed using the Python programming language. The implementation was
carried out in Google Colab, which provided a suitable environment for data analysis, model training, and testing. Libraries such
as Pandas, NumPy, Scikit-learn, Matplotlib, and Seaborn were used for data preprocessing, visualization, and machine learning.
The final prediction model was deployed using Streamlit, allowing users to interact with the system through a simple web
interface.

Dataset Description

The experiments were performed using the Pima Indians Diabetes Dataset, which is widely used for diabetes prediction
research. The dataset contains 768 patient records with eight clinical features: Pregnancies, Glucose, Blood Pressure, Skin
Thickness, Insulin, Body Mass Index (BMI), Diabetes Pedigree Function, and Age. The target variable indicates whether a patient
is diabetic or non-diabetic.
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Data Preprocessing

Before training the models, the dataset was preprocessed to improve data quality. Missing or invalid values in selected attributes
were handled appropriately. The numerical features were then standardized using StandardScaler so that all features were on a
similar scale. Finally, the dataset was divided into 80% training data and 20% testing data for model development and
evaluation.

Model Training

Five supervised machine learning algorithms were implemented in this study: Logistic Regression, Decision Tree, Random
Forest, Support Vector Machine (SVM), and K-Nearest Neighbors (KNN). Each model was trained using the training dataset
and tested on the unseen data to evaluate its prediction performance.

Performance Evaluation

The trained models were evaluated using accuracy, precision, recall, and F1-score. These evaluation metrics helped compare
the performance of each algorithm and identify the model that produced the most reliable predictions for diabetes classification.
System Deployment

After comparing all models, Random Forest was selected for deployment because it provided the most balanced overall
performance. The trained model was integrated into a Streamlit web application, where users can enter patient details and
receive an instant diabetes prediction. This deployment demonstrates the practical use of the proposed system in supporting early

diabetes risk assessment.
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The class diagram of the diabetes prediction system illustrates the structural design and interaction between different components
involved in the prediction process. The system consists of key classes such as the Diabetes Dataset, ML Model,
RandomForestModel, StandardScaler, Streamlit App, and Output. The Diabetes Dataset class is responsible for loading and
managing the dataset, while the ML Model class acts as the core component that handles model training, prediction, and saving
operations using the Random Forest algorithm. The RandomForestModel class defines the underlying classifier with functions
such as fit () and predict (). The StandardScaler class performs data normalization to ensure consistent input for the model. The
Streamlit App class manages user interaction by collecting input, invoking the prediction function, and displaying results. Finally,
the Output class presents the prediction outcome to the user. The relationships between these classes ensure smooth data flow
from input to prediction, making the system modular, scalable, and efficient for real-time diabetes prediction.

Class Diagram of Diabetes Prediction System
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Result Analysis

The proposed diabetes prediction system was implemented using Python, and the experiments were conducted on the Pima
Indians Diabetes Dataset. Before training the models, the dataset was preprocessed by handling missing values, standardizing
the input features using StandardScaler, and dividing the data into training and testing sets. Five supervised machine learning
algorithms—Logistic Regression, Decision Tree, Random Forest, Support Vector Machine (SVM), and K-Nearest
Neighbors (KNN)—were trained and evaluated.

Table: Performance Metrics with Executors scaling:

Model Accuracy (%) Precision (%) Recall (%) F1-Score (%)
Logistic Regression 75.97 71.79 51.85 60.21
Decision Tree 70.13 60.00 444 51.06
KNN 71.43 63.89 42.59 51.11
SVM 72.73 66.67 4444 53.33
Random Forest 74.68 67.44 53.70 59.79
Gradient Boosting 70.13 60.00 4444 51.06

Model Performance Comparison
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The experimental results indicate that Logistic Regression achieved the highest accuracy of 75.9%, while the Random Forest
model achieved a comparable accuracy of 75.3%. Although Logistic Regression slightly outperforms Random Forest in terms
of accuracy, accuracy alone is not a sufficient metric for evaluating medical prediction systems.
In healthcare applications such as diabetes prediction, recall (sensitivity) plays a crucial role, as it measures the model’s ability to
correctly identify patients with the disease. A model with higher recall reduces the risk of false negatives, which is critical in early
diagnosis scenarios.
The Random Forest model demonstrated better recall and overall balanced performance compared to Logistic Regression.
This indicates that Random Forest is more effective in identifying diabetic patients, even if its overall accuracy is marginally
lower.
Additionally, Random Forest, being an ensemble learning method, is more robust to noise and overfitting. It captures complex
non-linear relationships in the dataset more effectively than Logistic Regression, which assumes a linear relationship between
features and the target variable.
Therefore, despite Logistic Regression achieving slightly higher accuracy, Random Forest is selected as the optimal model for
the proposed system due to its superior recall, robustness, and balanced performance across multiple evaluation metrics.
Deployment Results
The system was deployed using Streamlit, allowing users to input medical parameters and receive instant predictions. The system
allows users to input clinical parameters such as glucose level, BMI, age, insulin, and blood pressure, and provides instant
prediction results.
To validate the effectiveness of the deployed model, both non-diabetic (ND) and diabetic (D) cases were tested and analyzed.
The results demonstrate that the system can accurately distinguish between normal and diabetic conditions based on the given
input parameters.
Non-Diabetic Case:
The system predicts a non-diabetic condition when the input values fall within normal or safe ranges. In this case, the model
identifies that the patient does not show significant risk factors associated with diabetes.
The prediction output indicates “Non-Diabetic”, confirming that the individual is currently not at risk based on the provided
medical attributes. This result demonstrates the model’s ability to correctly classify healthy individuals and avoid false positive
predictions.
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The probability value shows how confident the model is about the prediction. In this case, the probability of diabetes is 37%, which
is less than 50%, so the model predicts non-diabetic
Diabetic Case:

The system predicts a diabetic condition when the input values exceed normal thresholds, particularly for critical
features such as glucose level, BMI, and age. In this case, the model detects patterns associated with diabetes risk.

The prediction output displays “Diabetic”, indicating that the individual is likely to have diabetes or is at high risk. This highlights
the model’s capability to correctly identify positive cases, which is crucial in healthcare applications.

The probability value shows how confident the model is about the prediction. In this case, the probability of diabetes is 79.23%,
which is more than 50%, so the model predicts Diabetic.

Conclusion

This study presented a machine learning-based approach for predicting diabetes using the Pima Indians Diabetes Dataset. Five
supervised learning algorithms—ILogistic Regression, Decision Tree, Random Forest, Support Vector Machine (SVM), and K-
Nearest Neighbors (KNN)—were implemented and evaluated after appropriate data preprocessing. The models were compared
using accuracy, precision, recall, and I'1-score to identity the most suitable approach for diabetes prediction.

The experimental results showed that all the models were capable of predicting diabetes with reasonable performance. Among
them, the Random Forest model provided the most balanced overall performance and was selected for deployment. The trained
model was integrated into a Streamlit web application, allowing users to enter patient health information and receive an instant
prediction in a simple and user-friendly interface.

The findings of this study demonstrate that machine learning can support the early prediction of diabetes by analyzing clinical
data efficiently. Although the proposed system is not intended to replace medical diagnosis, it can serve as a useful decision-
support tool for healthcare professionals and help identify individuals who may require further medical evaluation.

Future work can focus on improving the prediction model by using larger and more diverse datasets, incorporating additional
clinical parameters, and exploring advanced machine learning or deep learning techniques. These enhancements may further
improve the accuracy, reliability, and practical applicability of diabetes prediction systems in healthcare.
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