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of diabetes plays a crucial role in preventing these complications and
improving patient outcomes.

Objectives: The objective of this study is to develop a predictive system
using machine learning techniques to identify diabetic patients at an
early stage with higher accuracy.

Methods: The study uses the Pima Indians Diabetes Dataset obtained
from the UCI Machine Learning Repository. Several supervised learning
algorithms including Logistic Regression, Support Vector Machine,
Decision Tree, K-Nearest Neighbor, Random Forest, and Gradient
Boosting were applied. Data preprocessing techniques such as missing
value removal, normalization, and dataset splitting were performed prior
to model training.

Results: Experimental analysis shows that ensemble models outperform
individual classifiers. Among all algorithms, the Random Forest
classifier achieved the highest prediction accuracy, demonstrating its
effectiveness for diabetes prediction.

Conclusions: Machine learning-based predictive models can
significantly support healthcare professionals in early diabetes detection
and clinical decision-making. The proposed system can be extended for
real-time healthcare applications.

Keywords: iabetes Prediction, Machine Learning, Classification,
Random Forest, Healthcare Analytics, Dataset

1. Introduction

Diabetes is one of the most widespread chronic diseases globally and represents a major health
challenge. It occurs when the body fails to produce sufficient insulin or cannot effectively
utilize it, resulting in elevated blood glucose levels. According to global health reports,
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hundreds of millions of people are currently living with diabetes, and the number is expected
to increase significantly in the coming decades.

Early prediction of diabetes can help prevent severe complications and reduce mortality rates.
With the growth of healthcare data, machine learning techniques have become powerful tools
for detecting patterns in medical datasets. These techniques enable automated analysis of
patient data and can assist physicians in identifying high-risk individuals.

This research focuses on developing a machine learning-based diabetes prediction system using
clinical attributes. Multiple classification and ensemble algorithms are applied to evaluate their
performance and determine the most effective predictive model.

2. Objectives
The main objectives of this research are:

. To develop a predictive model for diabetes using machine learning techniques.
The study aims to design an intelligent system capable of predicting whether a patient is
diabetic or not by analyzing clinical and medical data using machine learning algorithms.

. To analyze medical attributes that influence diabetes occurrence.
The research investigates how factors such as glucose level, BMI, age, insulin level, and blood
pressure contribute to the likelihood of diabetes, helping to identify key risk indicators.

. To compare  multiple classification and ensemble algorithms.
Different machine learning models are evaluated to determine their effectiveness in predicting
diabetes, enabling a fair comparison of their strengths and weaknesses.

. To identify the model that provides the highest prediction accuracy
The study focuses on selecting the most reliable model based on performance metrics such as
accuracy, precision, recall, and F1-score to ensure dependable predictions.

. To assist healthcare professionals in early diagnosis and treatment planning.
The ultimate goal is to support doctors and healthcare systems by providing an automated
decision-support tool that helps detect diabetes early, allowing timely intervention and
improved patient outcomes.

3. Methods
3.1 Dataset Description

The study uses the Pima Indians Diabetes Dataset from the UCI repository.
It contains medical records of 768 patients and includes the following attributes:

. Pregnancies
o Glucose Level
o Blood Pressure

o Skin Thickness

o Insulin Level
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. Body Mass Index (BMI)

. Diabetes Pedigree Function
. Age
. Outcome (0 = Non-diabetic, 1 = Diabetic)

The dataset is slightly imbalanced, containing more non-diabetic than diabetic cases.

The dataset used in this study is a publicly available diabetes dataset obtained from the Kaggle
data repository. It contains medical diagnostic measurements collected from patients to
determine whether they are diabetic or non-diabetic. The dataset consists of approximately
2000 patient records with 9 attributes, where one attribute represents the outcome class and the
remaining attributes represent clinical features.Each record corresponds to a patient’s medical
profile. The target variable, named Outcome, indicates whether the patient is diabetic (1) or
non-diabetic (0). The dataset does not contain missing values and is suitable for supervised
machine learning classification tasks.

3.2 Data Preprocessing

Healthcare datasets often contain missing or invalid values. The following preprocessing steps
were applied:

. Removal of invalid zero values from medical features
o Feature normalization to ensure uniform scale
. Splitting dataset into 80% training and 20% testing sets

These steps improved prediction reliability and reduced noise in the data. Data preprocessing
is an essential step in building an accurate machine learning model. The raw diabetes dataset
was prepared through several preprocessing techniques to improve model performance and
reliability.First, the dataset was examined for missing or inconsistent values. Since the dataset
contained no null entries, no imputation was required. However, feature values were checked
for unrealistic zeros in attributes such as glucose, blood pressure, and BMI, and such entries
were treated as potential noise.Next, feature scaling was applied to normalize the range of
numeric attributes. Standardization was used to transform features into a common scale with
zero mean and unit variance, which helps algorithms such as Support Vector Machine and K-
Nearest Neighbor perform more effectively.

After scaling, the dataset was divided into training and testing subsets using an 80:20 split ratio.
The training set was used to build the prediction models, while the testing set was used to
evaluate their performance.Finally, class distribution was analyzed to understand data
imbalance between diabetic and non-diabetic cases. This preprocessing pipeline ensured that
the dataset was clean, consistent, and suitable for reliable machine learning analysis.

3.3 Machine Learning Algorithms
The following models were implemented:
. Logistic Regression
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Support Vector Machine
Decision Tree
K-Nearest Neighbor
Random Forest

Gradient Boosting

Ensemble methods were included to reduce bias and variance and improve predictive accuracy.

3.4 Model Training Procedure

1. Import dataset and libraries

2 Perform preprocessing

3 Split dataset into training and testing sets

4 Train models using training data

5 Evaluate models using testing data

6. Compare performance metrics

7 Select the best-performing model

4 Results

4.1 Accuracy Comparison

Algorithm Accuracy (%)
Logistic Regression 71%

Support Vector Machine 74%

K-Nearest Neighbor 72%

Decision Tree 70%

Gradient Boosting 75%

Random Forest 77%

4.2 Full Evaluation Metrics

Algorithm Precision Recall F1-Score
Logistic Regression 0.70 0.69 0.69
Support Vector Machine 0.73 0.72 0.72
KNN 0.71 0.70 0.70
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Algorithm Precision Recall F1-Score
Decision Tree 0.68 0.69 0.68
Gradient Boosting 0.74 0.73 0.73
Random Forest 0.76 0.75 0.75

The results indicate that ensemble methods outperform individual classifiers. Random Forest
achieved the highest performance across all metrics.

Correlation Matrix:
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It is easy to see that there is no single feature that has a very high correlation with our
outcome value. Some of the features have a negative correlation with the outcome value and

some have positive.

Histogram:
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Let’s take a look at the plots. It shows how each feature and label is distributed along different
ranges, which further confirms the need for scaling. Next, wherever you see discrete bars, it
basically means that each of these is actually a categorical variable. We will need to handle
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these categorical variables before applying Machine Learning. Our outcome labels have two
classes, 0 for no disease and 1 for disease.

Bar Plot for Outcome Class

count

Outcome

The above graph shows that the data is biased towards datapoints having outcome value as 0
where it means that diabetes was not present actually. The number of non-diabetics is almost
twice the number of diabetic patients.

k-Nearest Neighbors:

The k-NN algorithm is arguably the simplest machine learning algorithm. Building the model
consists only of storing the training data set. To make a prediction for a new data point, the
algorithm finds the closest data points in the training data set, its “nearest neighbors.”

First, let’s investigate whether we can confirm the connection between model complexity and
accuracy:
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The above plot shows the training and test set accuracy on the y-axis against the setting of
n_neighbors on the x- axis. Considering if we choose one single nearest neighbor, the prediction
on the training set is perfect. But when more neighbors are considered, the training accuracy
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drops, indicating that using the single nearest neighbor leads to a model that is too complex.
The best performance is somewhere around 9 neighbors.
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Table-1 Logistic regression:

Logistic Regression is one of the most common classification algorithms.

Training Accuracy Testing Accuracy
C=1 0.779 0.788
C=0.01 0.784 0.780
C=100 0.778 0.792

Table-2

(] In first row, the default value of C=1 provides with 77% accuracy on the training and 78%
accuracy on the test set.

[J In second row, using C=0.01 results are 78% accuracy on both the training and the test sets.

(1 Using C=100 results in a little bit lower accuracy on the training set and little bit highest
accuracy on the test set, confirming that less regularization and a more complex model may not
generalize better than default setting.

Therefore, we should choose default value C=1.
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Decision Tree:

This classifier creates a decision tree based on which, it assigns the class values to each data
point. Here, we can vary the maximum number of features to be considered while creating the

model.

Training Accuracy

1.00

Testing Accuracy

0.99

Table-3

The accuracy on the training set is 100% and the test set accuracy is also ood. Feature

Importance in Decision Trees

Feature importance rates how important each feature is for the decision a tree makes. It is a
number between 0 and 1 for each feature, where 0 means “not used at all” and 1 means “perfectly

predicts the target”.

Feature “Glucose” is by far the most important feature.
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This classifier takes the concept of decision trees to the next level. It creates a forest of trees
where each tree is formed by a random selection of features from the total features.

Training Accuracy

1.00

Testing Accuracy

0.974
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Feature importance in Random Forest:
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Similarly to the single decision tree, the random forest also gives a lot of importance to the
“Glucose” feature, but it also chooses “BMI” to be the 2nd most informative feature overall.

Support Vector Machine:

This classifier aims at forming a hyper plane that can separate the classes as much as possible
by adjusting the distance between the data points and the hyper plane. There are several kernels
based on which the hyper plane is decided. I tried four kernels namely, linear, poly, rbf, and

sigmoid.

SVM ACCURACY FOR DIFFERENT

e

ACCURACY

LINEA POL

RVF SIGMOI

KERNEL

As can be seen from the plot above, the linear kernel performed the best for this dataset and

achieved a score of 77%.
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Accuracy Comparison:

Algorithms Training Accuracy Testing Accuracy
k-Nearest Neighbors 81% 78%
Logistic Regression 78% 78%
Decision Tree 95% 96%
Random Forest 94% 95%
SVM 76% 77%
Table-5

Table-5 shows the accuracy values for all five machine learning algorithms.

Table-5 shows that Decision Tree algorithm gives the best accuracy with 95% training
accuracy and 96% testing accuracy.

5. Discussion

The experimental results confirm that machine learning techniques are effective for medical
prediction tasks. Ensemble algorithms, especially Random Forest and Gradient Boosting,
performed better due to their ability to capture complex nonlinear relationships between clinical
attributes.

Feature importance analysis shows that glucose level, BMI, and age contribute most significantly
to diabetes prediction. These findings align with clinical understanding of diabetes risk factors.

The proposed system can support physicians by providing early warnings for high-risk patients,
reducing diagnostic delays, and improving treatment outcomes.

One of the important real-world medical problems is the detection of diabetes at its early stage. In
this study, systematic efforts are made in designing a system which results in the prediction of
diabetes. During this work, five machine learning classification algorithms are studied and
evaluated on various measures. Experiments are performed on john Diabetes Database.
Experimental results determine the adequacy of the designed system with an achieved
accuracy of 96% using Decision Tree algorithm.

In future, the designed system with the used machine learning classification algorithms can be used
to predict or diagnose other diseases. The work can be extended and improved for the automation
of diabetes analysis including some other machine learning algorithms.
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