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Abstract:

Diabetes is one of the highly occurring illnesses that causes high blood glucose levels. It is
considered to be a worldwide well-being concern. Early discovery and effective control of diabetes are
critical, as the results can extend from cardiovascular malady to renal disappointment. This considers
points to assess the distinctive machine learning (ML) calculations and how they predict diabetes based on
quiet data, counting physiological information, way of life variables, and therapeutic history. To decide the
exact and viable strategies for diabetes expectation, the think assesses the execution of different machine
learning models, such as logistic regression, decision trees, support vector machines (SVM), and neural
network systems. The capacity of each show to categorize the nearness of diabetes is assessed, giving data
around its expectation and clinical ease of use. Machine learning has illustrated huge forecasts, particularly
in making strides in demonstrative strategies and personal treatment regimens in the healthcare industry.
Machine learning can move forward in their prediction precision and relations with inpatient information
through the utilization of large datasets and complex calculations. Our comparison investigation
distinguishes the preferences and impediments of each machine learning strategy, giving quick counsel for
researchers and medical professionals looking to oversee diabetes forecasts way better. It is anticipated
that the comes about of this think about will include to the extending thoughts of inquire about in
restorative Al and open the entryway for the joining of cutting-edge machine learning strategies into
standard clinical hone. The extreme point of this ponder is to utilize innovative arrangements to move
forward quiet results and diminish the around-the-world diabetes number.

Keywords — Diabetes Prediction, Machine Learning, Logistic Regression, Decision Trees, Support
Vector Machines (SVM), Random Forest, Comparative analysis, Patient Outcomes.
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persistent therapeutic care and understanding self-
management to avoid serious complications,
including  cardiovascular ~ maladies,  kidney

I. INTRODUCTION
Diabetes mellitus 1s an incessant condition

characterized by hoisted blood glucose levels,
coming about from the body's failure to create or
successfully utilize affront. It is classified into two
fundamental sorts: Sort 1 diabetes, where the body
comes up short of creating affront, and Sort 2
diabetes, where the body gets to be safe to affront
or doesn't deliver sufficient. Both sorts require

disappointment, and neuropathy. The worldwide
predominance of diabetes has expanded alarmingly
over the past three decades, making it one of the
fastest-growing well-being challenges around the
world. Concurring to later insights, around 800
million individuals are influenced by diabetes
universally. Nations like India, China, and the
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United together States report the most elevated
number of diabetes cases, with India bookkeeping
for over 212 million people. This fast rise
emphasizes the requirement for successful
symptomatic and administration procedures to
combat the illness.

Early conclusion of diabetes is significant for
moderating long-term well-being complications and
moving forward quiet results. Customarily, diabetes
conclusion depends on a combination of blood tests,
persistent history, and physical examination. Be
that as it may, these strategies may not continuously
proficiently recognize high-risk people sufficiently
early. Machine learning (ML), a subset of fake
insights (Al), has risen as a capable apparatus in the
restorative field, advertising imaginative
arrangements for illness forecast and administration.
ML calculations can analyze endless sums of
understanding information, recognizing designs and
hazard components that are frequently subtle to the
human eye. In diabetes forecast, ML models have
appeared surprising potential in classifying diabetic
sorts and anticipating infection onset. This venture
points to assess the execution of different ML
calculations in anticipating diabetic sorts based on
quiet points of interest, counting therapeutic history,
way of life components, and biometric information.
By comparing models such as Calculated Relapse,
Choice Trees, Back Vector Machines (SVM), and
Neural Systems, this looks to distinguish the most
viable methods for diabetes forecast. The
experiences picked up from this comparative
investigation will illuminate healthcare
professionals and analysts, eventually contributing
to progressed symptomatic forms and persistent
care.

Machine learning's application in diabetes
forecast speaks to a critical headway in restorative
diagnostics. By leveraging the control of
information and modern calculations, healthcare
experts can upgrade early location and mediation
techniques, possibly lessening the worldwide
burden of diabetes and making strides the quality of
life for millions of people around the world.
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II. PROBLEM STATEMENT

A. Problem Definition

Diabetes is a noteworthy worldwide well-being
issue, influencing millions and driving to extreme
complications if not overseen legitimately. The
requirement for early location and exact
determination of diabetes is significant to anticipate
complications such as cardiovascular illness and
renal disappointment. Conventional symptomatic
strategies can drop brief of giving early and exact
comes about. This extension points to the use of
machine learning (ML) to improve symptomatic
preparation by analyzing  patient-specific
information, counting therapeutic history, way of
life components, and biometric information. By
assessing the execution of different ML calculations,
such as Calculated Relapse, Choice Trees, Back
Vector Machines (SVM), Neural Systems, and
Irregular Timberlands, the ponder points to
distinguish the most successful procedures for
forecasting diabetes.

B. Problem Definition

The venture includes utilizing the “The Pima
Indian dataset” a well-known dataset in the field of
information science and machine learning. It
contains different health-related estimations from a
populace of Pima Local Americans dwelling close
to Phoenix, Arizona. Information preprocessing will
include dealing with lost values, normalizing
information, and evacuating exceptions utilizing the
IQR strategy. The execution of each ML
demonstration will be evaluated based on
measurements such as exactness, exactness, review,
F1 score, and the region beneath the ROC-AUC
bend. Through precise comparative investigation,
the venture looks to give experiences into the
qualities and shortcomings of each calculation,
directing healthcare professionals and analysts in
selecting the best models for early diabetes
locations.
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III. LITERATURE SURVEY

A. Title: A comparison of machine learning algorithms for
diabetes prediction

Authors: Jobeda Jamal Khanam, Simon Y. Foo

The research focuses on using machine learning
(ML) algorithms and neural networks (NN) for
early diabetes detection, utilizing the Pima Indian
Diabetes (PID) dataset. The study tested seven ML
algorithms, including Logistic Regression (LR),
Support Vector Machine (SVM), Decision Tree
(DT), K-Nearest Neighbors (KNN), Random Forest
(RF), Naive Bayes (NB), and AdaBoost (AB),
finding LR and SVM to perform well with
accuracies around 77%-78%. Additionally, a neural
network (NN) model with two hidden Ilayers
achieved the highest accuracy of 88.6%. The
research highlights that scaling and feature
selection techniques, such as reducing features to
five key inputs (Glucose, BMI, Insulin, Pregnancy,
and Age), improved model performance. Among all
the algorithms, the NN model demonstrated the
highest efficiency, outperforming traditional ML
models and providing a promising approach for
diabetes prediction.

B. Title: Comparative analysis of predictive machine
learning algorithms for diabetes mellitus

Authors: Kirti Kangra, Jaswinder Singh

This study explores the use of machine learning
(ML) algorithms for the early detection of diabetes,
using the Pima Indian Diabetes (PID) and German
diabetes datasets. The research tests several
algorithms, including Support Vector Machine
(SVM), Naive Bayes (NB), K-Nearest Neighbors
(KNN), Random Forest (RF), Logistic Regression
(LR), and Decision Tree (DT), implemented using
the WEKA tool. The results indicate that SVM
performed best for the PID dataset with 74%
accuracy, while KNN and RF achieved 98.7%
accuracy for the Germany dataset. The study
concludes that SVM and LR are effective for PID,
with LR also performing better in terms of ROC
area. For the Germany dataset, KNN and RF were
more accurate, with RF excelling in the ROC area.
The study emphasizes the importance of ML
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algorithms for early diabetes detection, aiding
healthcare providers in efficient diagnosis, and
suggests further research into hybrid models for
potentially improved performance.

C. Title: Diabetes prediction Using Machine Learning
algorithms and ontology

Authors: Hakim EI Massari, Zineb Sabouri, Sajida

Mhammedi, and Noreddine Gherabi

This study examines the use of machine learning
(ML) and ontology-based ML techniques for the
early detection of diabetes, highlighting their
effectiveness in the healthcare domain. Various ML
algorithms such as Support Vector Machine (SVM),
K-Nearest Neighbors (KNN), Artificial Neural
Networks (ANN), Naive Bayes, Logistic
Regression, and Decision Trees were evaluated for
their predictive accuracy. The research found that
ontology-based classifiers and SVM achieved the
highest accuracy among the tested methods.
Additionally, the study underscores the value of
ontology in processing health-related concepts and
relationships, suggesting that it provides a more
effective classification system without requiring
feature selection. The findings encourage further
exploration of ontology-based ML techniques and
their potential for improving diabetes prediction,
decision-making, and healthcare recommendations
in future research.

D. Title: Diabetes Prediction using Machine Learning
Algorithms

Authors: Aishwarya Mujumdar, Dr. Vaidehi V

This study focuses on enhancing diabetes
prediction through the application of machine
learning (ML) algorithms and big data analytics,
leveraging both traditional and additional external
factors influencing diabetes. Using a newly curated
dataset, the study compares various ML algorithms
for classification and prediction. Logistic
Regression achieved the highest accuracy of 96%

among  standard  algorithms,  while  the
implementation of a pipeline model further
improved performance, with the AdaBoost

classifier achieving 98.8% accuracy. The research
highlights the improved precision and accuracy of
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the proposed model compared to existing methods
and suggests future exploration of predicting the
likelihood of non-diabetic individuals developing
diabetes in the coming years.

IV.  SYSTEM DESIGN

A. System Architecture
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Fig. 1 Proposed System Architecture

V.IMPLEMENTATION

The main objective of this project is to develop
detailed insights about ML algorithms that are
being used here to predict whether a patient has
diabetes or not.

A. Load Dataset

To begin our analysis, the first step involves
loading the PIMA Indian Diabetes Dataset into our
Jupyter Notebook environment. This dataset is
sourced from the UCI Machine Learning
Repository and contains several critical features
such as age, BMI, blood pressure, and glucose
levels. These features are essential for predicting
diabetes.
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Upon loading the dataset, it's important to explore
its structure to gain a better understanding of the
data.

Pregnancies Glucose BloodPressure SkinThickness Insulin BMI DiabetesPedigreeFunction Age Outcome

[ 6 148 72 35 0 336 0.627 50 1
1 1 85 66 29 0 266 0351 31 0
2 8 183 64 0 0 233 0672 32 1
3 1 89 66 23 94 281 0167 21 0
4 0 137 40 35 168 43.1 2288 33 1

Fig. 2 Dataset Sample Rows (PIMAD)

count mean std min 25% 50% 75% max

Pregnancies 768.0 3.845052 3.369578 0.000  1.00000 3.0000 6.00000 17.00
Glucose 768.0 120.894531 31.972618 0.000 99.00000 117.0000 140.25000 199.00
BloodPressure 768.0 69.105469 19.355807 0.000 62.00000 72.0000 80.00000 122.00
SkinThickness 768.0 20.536458 15952218 0.000 0.00000 23.0000 32.00000 99.00
Insulin 768.0 79.799479 115.244002 0.000 0.00000 30.5000 127.25000 846.00

BMI 768.0 31.992578 7.884160 0.000 27.30000 32.0000 36.60000 67.10
DiabetesPedigreeFunction 768.0 0471876 0331329 0.078 0.24375 03725  0.62625 242
Age 768.0 33240885 11.760232 21.000 24.00000 29.0000 41.00000 81.00

Outcome 7680 0348958  0.476951 0.000 0.00000  0.0000  1.00000 1.00

Fig. 3 Detailed description of each column

2]
Pregnancies 0
Glucose 0
BloodPressure 0
SkinThickness 0
Insulin 0
BMI 0
DiabetesPedigreeFunction 0
Age 0
Outcome 0

dtype: int64

Fig. 4 NULL Data Counts
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Box plot comparisan between Original DF and IR DI
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Fig. 5 Heatmap of the dataset at the initial stage

B. Pre-Process Data }..m s i . L

The section covers the pre-processing of the
PIMA Indian Diabetes Dataset:
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Fig. 6 Outliers Detected at the initial stage

ISSN : 2581-7175 ©IJSRED: All Rights are Reserved Page 5



International Journal of Scientific Research and Engineering Development-— Volume X Issue X, Year

Box piot comparison between Original DF and Winsoriced DF
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Box plot comparision between Original DF and Imputed DF
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Fig. 8 Outliers before and after using Winsorize Technique

Fig. 9 Outliers before and after using Imputation Technique
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Box plot comparision betwen Original DF and Log DF
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Fig. 10 Outliers before and after using Log Transformation Technique

C. Compare Models

Now Let’s compare each of the models in terms
of evaluation metrics, Also, we did the analysis for
each of the algorithms in such a way as with scaled
data, without scaled data and Hyperparameter tuned
and not tuned.

Accuracy: Logistic Regression shows the highest
accuracy in most cases.

Precision: Logistic Regression and Random
Forest generally have higher precision, indicating
fewer false positives.
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Recall: Logistic Regression and Decision Trees
tend to have higher recall, meaning they are better
at identifying true positives.

TABLEI
EVALUATION METRICS ON LOGISTIC REGRESSION VS DECISION TREE

Algorithm
Types

Algorithm

Variants

Accu

racy

Preci

sion

Recal
1

F1

Score

ROC-
AUC

train_
test_

split

Logistic

Regression

Plain

Algorithm

77.2

75.0

80-20

With  Scaled
Data
MinMax

Scaler

75.9

73.6

80-20

With Scaled
Data
Standard

Scaler

80-20

Hyper
Parameter

Tuned

74.4

63.6

61.2

62.42

71.3

80-20

Plain

Algorithm

60

80-20

With  Scaled
Data
MinMax

Scaler

60

80-20

Tree

With  Scaled
Data
Standard

Scaler

60

80-20

Hyper
Parameter

Tuned

72.0

62

56.3

59.0

80-20

F1-Score: Logistic Regression often has the
highest Fl-score, which is a good balance of

precision and recall.

ROC-AUC: Logistic Regression generally has the
highest ROC-AUC, indicating better discrimination
between positive and negative classes.
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TABLE III
EVALUATION METRICS ON RANDOM FOREST VS SUPPORT VECTOR MACHINE

Algorith
m Types

Algorithm

Variants

Accu

racy

Prec

ision

Reca

1

F1 RO
Scor | C-
e AUC

train_t
est_spl
it

Random

Forest

Plain

Algorithm

76.6

66.2

66.2

66.2 | 74.1

70-30

With
Scaled Data
MinMax

Scaler

76.6

66.2

66.2

66.2 74.1

70-30

With
Scaled Data
Standard

Scaler

75.3

64.1

65.0

64.5 72.8

70-30

Hyper
Parameter

Tuned

74.6

64.8

63.6

642 | 722

70-30

Support
Vector

Machine

Plain

Algorithm

76.6

67.9

65.4

66.6 | 74.1

80-20

With
Scaled Data
MinMax

Scaler

76.6

67.9

65.4

66.6 | 74.1

80-20

With
Scaled Data
Standard

Scaler

712

69.2

65.4

67.2 74.6

80-20

Hyper
Parameter

Tuned

74.0

64.7

60.0

62.2 | 70.9

80-20

D. Generate Insights and Inference

D

significant improvement compared to scaled versions.

Logistic Regression:
Best Variant: The "Plain Algorithm" variant has a
relatively lower performance across the board compared to the
scaled versions.
With Scaled Data: Using MinMax Scaler and
Standard Scaler both improved performance in Accuracy,
Precision, and Recall slightly.
Hyperparameter Tuning: This does not show a
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2)  Decision Trees:

e  Best Variant: Similar to logistic regression, scaled
data (especially with Standard Scaler) offers a marginal boost
in performance.

. Hyperparameter Tuning: While Hyperparameter
Tuning does improve Precision and Recall, it doesn't
consistently outperform the scaled variants. The MinMax
Scaler and Standard Scaler are the most consistent performers.

3)  Random Forests:

e  Best Variant: Hyperparameter Tuning offers the best
Accuracy and Precision.

e Scaled Data: Using Standard Scaler helps in
improving the F1 Score and ROC-AUC.

e  Performance: Random Forest consistently shows
high performance across all metrics.

4)  Support Vector Machine:

e  Best Variant: The plain algorithm achieves a high F1
Score and ROC-AUC, and it performs well across Precision
and Recall.

. With Scaled Data: MinMax Scaler appears to
improve Accuracy and Recall, whereas Standard Scaler
impacts Precision more positively.

e  Hyperparameter Tuning: Slight improvement was
observed in Accuracy, Precision, and Recall, but not
substantial.

5) Overall Comparison:

e Random Forest stands out as the best-performing
model in terms of Accuracy, Precision, Recall, and F1 Score.
It also has a high ROC-AUC.

. Support Vector Machine performs robustly,
especially in ROC-AUC, showing the highest value in the
Hyperparameter Tuning variant.

e  Logistic Regression and Decision Trees perform
similarly, with improvements noticed when using scaled data.

6) Key Observation:

. Scaling the data (with MinMax or Standard Scalers)
tends to improve performance across all models, though the
extent of improvement varies.

e  Hyperparameter Tuning generally results in better
performance, especially in Random Forest.
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Let’s break this into more visualizations,

Accuracy by Model
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Fig. 11 Accuracy by Model
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Fig. 12 F1-Score by Model

Based on the analysis, Logistic Regression seems
to be the most suitable model for diabetic prediction
in this case with the highest accuracy of (~77%). It
exhibits good performance across various
evaluation metrics and is relatively consistent
across different variants.

However, it's important to note that the best
model for a specific application might depend on
the specific requirements and priorities. If you
prioritize  high precision (minimizing false
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positives), Logistic Regression or Random Forest
might be better choices. If high recall (minimizing
false negatives) is more important, Logistic
Regression or Decision Tree could be preferred.

V. FUTURE ENHANCEMENTS

Building on the promising results from the initial
phase of this project, several future enhancements
are planned to further refine and expand its scope.
The next phase will incorporate advanced deep
learning techniques to potentially improve the
accuracy and robustness of diabetes prediction
models. Deep learning, with its ability to
automatically learn complex representations from
data, can capture more intricate patterns and
interactions within the dataset that traditional
machine learning models might miss.

A. Exploration of Additional Datasets

Future work will also involve exploring
additional datasets to validate and generalize
the findings. Using diverse datasets will help in
assessing the robustness and applicability of the
models across different populations and
conditions. This will ensure that the developed
models are versatile and can be applied in
various clinical settings, enhancing their real-
world utility.

B. Integration of Deep Learning Models

The project will integrate deep-learning
architectures, such as Convolutional Neural
Networks (CNNs) and Recurrent Neural Networks
(RNNp5s), to evaluate their performance in predicting
diabetes. These models, known for their superior
performance in handling large and complex datasets,
will be trained and fine-tuned to maximize
predictive accuracy.

C. Development of a Web Application

To make the predictive models accessible to end
users, a simple web application will be developed.
This application will allow individuals to input their
personal and medical information to receive an
assessment of their diabetes risk. The user-friendly
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interface will be designed to provide clear and
actionable insights based on the predictive models.
This web app will serve as an essential tool for both
patients and healthcare practitioners, facilitating
early diagnosis and personalized intervention
strategies.

D. User Experience and Feedback Integration

User experience (UX) will be a critical focus in
the development of the web application. Gathering
feedback from end users will be integral to iterating
and improving the app, ensuring it meets the needs
and expectations of those using it. Continuous
feedback loops will help in refining the interface,
enhancing usability, and ensuring the information
provided is comprehensible and useful.

E. Scalability and Real-World Deployment

The future work will also address the scalability
of the predictive models and the web application to
handle larger user bases. Ensuring that the system
can process numerous simultaneous inputs without
compromising performance is crucial for real-world
deployment.  Additionally,  integrating  the
application with healthcare databases and electronic
health records (EHR) systems will streamline data
input processes and enhance the accuracy of
predictions. By implementing these enhancements,
the project aims to significantly contribute to the
field of medical Al, particularly in the domain of
diabetes prediction and management. These
advancements will support better patient outcomes,
more effective management strategies, and
ultimately, a reduction in the global burden of
diabetes through the integration of cutting-edge
technological solutions.

VII. CONCLUSION

In this project, we explored the use of various
machine learning algorithms to predict diabetes
using the PIMA Indian Diabetes Dataset. By
leveraging models such as Logistic Regression,
Decision Tree, Random Forest, and SVM, we
aimed to identify the most effective techniques for
early detection and diagnosis of diabetes. Through
thorough data pre-processing, including the
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imputation of missing values, outlier handling via
Winsorization, and data transformation, we
prepared the dataset for optimal model performance.

Our analysis revealed valuable insights into the
strengths and weaknesses of each model, guiding us
in selecting the best-suited algorithms for diabetes
prediction. The evaluation metrics provided a clear
comparison, highlighting the effectiveness of each
approach.

Looking ahead, we plan to enhance this project
by integrating deep learning techniques, exploring
additional datasets, and developing a user-friendly
web application for real-time diabetes risk
assessment. These future enhancements aim to
further improve the accuracy and applicability of
our models in real-world clinical settings,
ultimately contributing to better patient outcomes
and reducing the global burden of diabetes.
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