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Abstract

This paper presents an adaptation of the Multi-Layer Perceptron (MLP) algorithm for use in predicting diabetes risk. The
aim is to enhance the accuracy and generalizability of the model by incorporating preprocessing techniques, dimensionality
reduction using Principal Component Analysis (PCA), and improvements in optimization and regularization. Several factors,
including glucose level, pregnancy, blood pressure, and body mass index, are taken into account when analyzing the PIMA
Indian Diabetes dataset. Modern optimization methods, dropout regularization, and an adaptive learning rate are incorporated

into the modified MLP model to fine-tune the model's weights and boost its predictive abilities. The effectiveness of the
modified MLP algorithm is evaluated by comparing its performance with baseline machine learning methods and the original
MLP algorithm in terms of accuracy, sensitivity, and specificity. The results of this study can improve the quality of
healthcare provided to people at risk for developing diabetes and thus contribute to the development of better prediction

models for the disease.
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1. Introduction

Diabetes is a chronic metabolic disease characterized by
high blood sugar levels, and it affects millions of people
worldwide. High blood sugar levels are a hallmark of
diabetes. Diabetes is a metabolic disorder often diagnosed
by measuring persistently high blood sugar levels. Diabetic
patients who are diagnosed and treated early have a far
lower risk of developing diabetes-related complications
such as kidney failure, heart disease, stroke, and blindness.
However, the effectiveness of these algorithms is some-
times constrained by the need for human feature
engineering and the inability to recognize intricate patterns
within the data. Machine learning methods have seen
widespread use in the field of diabetic illness prediction.
Because of this, it may be difficult to foresee the onset of
diabetes complications. Because of this, deep learning
algorithms like the Multi-Layer Perceptron (MLP) are
gaining popularity because of their capacity to
automatically learn features from complex data, which has
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been demonstrated to increase the reliability of diabetes
prediction models. The Deep Q-Learning Algorithm and
the Recurrent Neural Network are two further instances of
this class of algorithms. The key difficulty in developing a
model for the prediction of diabetes illness that is more
accurate and dependable than present methods is figuring
out how to make the required tweaks to the Multi-Layer
Perceptron (MLP) algorithm. This revised model should
reliably pinpoint those people who are in the highest
diabetes risk category. It should also have better prediction
accuracy and generalizability than baseline MLP
techniques and other conventional machine learning
algorithms.

Although MLP has been used for many purposes, one of
them being diabetes prediction, not much study has been
devoted to figuring out how to modify and improve the
MLP algorithm so that it can better predict diabetes and ad-
dress the limitations of the algorithm. Despite MLP's
widespread adoption and usage, particularly in diabetes
prediction, the algorithm has received very little attention
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in terms of development and refinement. The primary
objective of this study was to improve methods for early
diabetes detection and diagnosis by developing a more
accurate diabetes prediction model using a modified
version of the MLP algorithm. This will be done to
accommodate the expanding diabetic community
throughout the world. In order to improve patient outcomes
and the overall efficiency of the healthcare system, it is
crucial that medical professionals are able to accurately
identify those at high risk. One other reason for doing this
research is to contribute to the expanding body of literature
about the medical uses of deep learning. The novel
contribution of this study is the development of a
specialized variant of the MLP algorithm for use in
predicting the onset of diabetic illness. This method makes
use of dropout regularization and adaptive learning rates in
addition to more advanced optimization algorithms. The
goal of this revision, in contrast to more standard machine
learning methods and the default MLP approach, is to
improve the model's generalization and prediction
accuracy. With the goal of better understanding the
potential benefits and applications of the modified MLP
algorithm for diabetic disease prediction, we will conduct
an evaluation of its performance using a large dataset
consisting of demographic, clinical, and lifestyle factors.
The purpose of this analysis is to learn more about the
potential benefits and applications of the modified MLP
algorithm for diabetic disease prediction.

The currently available diabetes prediction models suffer
from accuracy and generalizability issues, which can
potentially be considered a problem statement. Using the
Multi-Layer Perceptron (MLP) method is the strategy that
has been suggested as a means of enhancing the
effectiveness of the models that are now in use. Identifying
those who are at high risk of developing diabetes is the
primary focus of this paper as it relates to the goal of
improving prediction accuracy and refining and improving
the MLP algorithm.

2. Related Work

Using health datasets, several machine learning and
deep learning techniques have been applied to the
challenge of disease prediction. This article introduces
some of the most well-known algorithms and discusses
their applications in medicine, such as the prediction of
diabetes. Logistic regression is a kind of machine learning
technique often used for issues involving binary
categorization, such as illness prediction. In [1],
researchers used EHRs (electronic health records) and
logistic regression to predict diabetes. The goal of this
activity was to identify those who were at high risk for
getting diabetes. SVMs, (Support Vector Machines), are a
powerful machine learning technique for dealing with
classification and regression issues. In shorthand, we often
just call them "SVMs". Diabetes was predicted using
support vector machine analysis (SVM) by [2] using a
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massive dataset including clinical and demographic
factors. They discovered an increase in prediction precision
in comparison to more conventional machine learning
approaches. Health-related predictions may be made using
a variety of methods, including decision trees and its
ensemble equivalent, random forests. It turns out that not
all of these forecasts were spot on.

Predictions of diabetes risk using a random forest
classifier were successful in [3], suggesting the utility of
this method. Predicting diabetes using a logistic regression
model was done in [4]. k-Nearest Neighbors (k-NN) is a
popular machine learning technique for tackling
classification problems. It is both straightforward and very
efficient. The Pima Indian Diabetes dataset was used in [4]
to correctly predict diabetes using k-nearest neighbors.
Diabetes could be predicted with a high level of accuracy.
Artificial neural networks (ANNs): ANNs have seen
widespread use in a variety of healthcare applications,
including diabetes prediction. There are many additional
applications for ANNs. Using an ANN model, showed
improved accuracy in diabetes prediction over traditional
machine learning methods [5]. CNNs are a kind of deep
learning algorithm that has demonstrated promising results
in healthcare image-based applications. To describe CNNss,
the term "convolutional neural networks" was used. The
authors of [2] used a convolutional neural network (CNN)
to automate the detection of diabetic retinopathy in retinal
images. Diabetes can lead to a terrible condition called
diabetic retinopathy. Recurrent neural networks (RNNs)
are a kind of deep learning approach that performs well on
data presented in a time series manner. Using an RNN-
based model to foresee the onset of diabetes using EHRs,
[6] demonstrated the network's capacity to discern
temporal trends in the data. This demonstrated the
algorithm's ability to spot changes over time. This was
done to see whether the model's predictions were really
correct. [7] The paper discusses diabetes disease prediction
using machine learning algorithms. It presents a study
conducted using the PIMA Indian Diabetes dataset and
explores the performance of various machine learning
techniques in predicting diabetes. The results show how
machine learning algorithms could be used to accurately
predict diabetes. [8] This paper focuses on diabetes disease
prediction using artificial intelligence. It presents a study
that utilizes different artificial intelligence techniques for
diabetes prediction and compares their performance. The
results show how well artificial intelligence can be used to
predict diabetes. [9] The paper discusses diabetes disease
prediction using data mining techniques. Data mining
algorithms are applied to a dataset containing information
about diabetes, and their ability to make accurate
predictions about the disease is assessed. These findings
highlight the promise of data mining for reliable diabetes
prognosis in the future. [10] This paper presents a study on
diabetes prediction using machine learning analytics. It
applies various machine learning algorithms to a diabetes
dataset and analyzes their performance. The study
highlights the efficacy of machine learning analytics in
diabetes prediction. [11] The paper focuses on diabetes
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prediction and classification using machine learning
algorithms. It explores the application of different machine
learning techniques to predict and classify diabetes cases.
The study demonstrates the effectiveness of machine
learning algorithms in accurate diabetes prediction and
classification. [12] This paper discusses diabetes prediction
using big data tools and machine learning approaches. It
presents a study that leverages big data tools and applies
machine learning algorithms to predict diabetes. The
findings emphasize the potential of big data and machine
learning in diabetes prediction. [13] The paper presents a
study on the prediction of diabetes using machine learning
algorithms in healthcare. It explores the application of
machine learning algorithms to a healthcare dataset for
diabetes prediction. The study showcases the effectiveness
of machine learning algorithms in predicting diabetes. [14]
This paper focuses on the primary stage of diabetes
prediction using machine learning approaches. It presents
a study that applies machine learning techniques to identify
the primary stage of diabetes. The findings highlight the
potential of machine learning in early diabetes prediction.

Disease prediction is the goal of a number of recent
applications of machine learning and deep learning to
health datasets [15]. Various machine learning techniques
were employed to develop these algorithms [16]. These
algorithms allowed for the forecasting of diabetes. The
modified Multi-Layer Perceptron method for Diabetes
Disease Prediction is one example of an altered method
with the potential for additional development. Modified
algorithms  still have opportunities for further
improvement.  Although these algorithms have
demonstrated some promise in terms of improving
prediction accuracy, there is room for further development
using refined techniques.

3. Implementation

Preprocessing the dataset, doing Principal Component
Analysis (PCA), and building the modified MLP model are
the initial steps in putting the Modified Multi-Layer
Perceptron (MLP) Algorithm for Diabetes Disease
Prediction into action. Following these procedures, we can
start putting the algorithm to use. The steps involved in this
procedure are as follows:

Prepare our Data: The PIMA Indian Diabetes dataset [17]
is mined for its Pregnancies, Glucose, Blood Pressure, Skin
Thickness, Insulin, Body Mass Index, Diabetes Pedigree
Function, and Age features as well as its binary class label
indicating the presence or absence of diabetes. The term
"pregnancies" refers to the total number of successful
pregnancies recorded within the research time frame. This
data will be used to examine the rate of diabetes in ethnic
Indian populations. Basic data processing is carried out
first, including missing value replacement, feature
standardization, and dataset partitioning (for instance,
keeping 70% of the data for training and 30% for testing)
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[18]. Using principal component analysis (PCA), which
stands for "principal component analysis," we are able to
reduce the dimensionality of the dataset. Principal
component analysis (PCA) is a method that creates a new
space from the original feature space. The altered
characteristics, known as principal components, are
orthogonal in the new space and may capture as much of
the data's variance as possible. The complexity of the
dataset may be reduced while still retaining the bulk of the
information by focusing on a smaller selection of its critical
components. The advantages of this method include a
decrease in background noise, a boost in computational
efficiency, and a reduced likelihood of overfitting.
Constructing a Novel Multi-Level Perspective Model
Having finished the preprocessing and dimensionality
reduction steps, we can go on to the next stage, which is
building the modernized MLP model. The modernized
MLP model now includes the following changes and
improvements, both significant and small.

The innovative aspects of this paper include the
combination of preprocessing methods, the use of principal
component analysis to reduce dimensionality, and the
creation of an improved MLP model that is adapted
specifically for the prediction of diabetic disease. These
ground-breaking proposals add to the progress of
predictive modelling in medicine and hold promise for
better patient outcomes and more effective healthcare
delivery. The methodology involves a step-by-step process
to implement the modified Multi-Layer Perceptron (MLP)
algorithm for diabetes disease prediction.

Data Preprocessing: The paper starts with preparing the
dataset for analysis. The PIMA Indian Diabetes dataset is
used, consisting of features such as pregnancies, glucose
level, blood pressure, skin thickness, insulin, body mass
index, diabetes pedigree function, and age. The dataset is
checked for missing values and outliers, and necessary data
cleaning techniques are applied. Feature standardization is
performed to ensure all features have a similar scale. The
dataset is then split into training and testing sets, typically
with a 70-30 or 80-20 ratio.

Principal Component Analysis (PCA): To reduce the
dimensionality of the dataset, PCA is applied. PCA creates
a new feature space by identifying the critical components
that capture most of the data's variance. This helps in
simplifying the dataset, reducing noise, and improving
computational efficiency. The reduced dataset is used as
input for the subsequent steps.

Modified MLP Model Construction: The goal of the
revised MLP model is to raise the bar for diabetes disease
forecasting reliability and generalizability. The following
enhancements are incorporated:

a. Optimization Techniques: Instead of using the standard
gradient descent algorithm, state-of-the-art optimization
techniques like Adam and RMSProp are employed during
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the backpropagation process. These optimization methods
enable faster convergence and enhance the training speed
of the model.

b. Dropout Regularization: To prevent overfitting, dropout
regularization is applied. This technique randomly
deactivates a fraction of the neurons during training,
forcing the network to rely on different combinations of
neurons for predictions. This helps to improve the model's
generalization and prevents it from becoming overly
specialized.

c. Adaptive Learning Rate: The learning rate of the model
is adjusted dynamically during training. This adaptive
learning rate allows the model to learn at an optimal pace,
speeding up convergence and improving the model's ability
to fine-tune its weights.

Model Evaluation: Comparisons are made between the
modified MLP model's performance metrics (accuracy,
sensitivity, specificity) and those of the original MLP
algorithm and the baseline machine learning methods in
order to draw conclusions about the model's efficacy. The
evaluation includes a comparison of the gains achieved
through the updates made to the MLP model. Statistical
measures like the confusion matrix and the receiver
operating characteristic (ROC) curve can be used in the
evaluation, which is typically performed on the testing set.

The overall aim of the methodology is to develop an
enhanced MLP algorithm for diabetes disease prediction by
leveraging preprocessing techniques, dimensionality
reduction through PCA, and incorporating improvements
in optimization and regularization. This approach aims to
provide a more accurate and reliable model for identifying
individuals at high risk of developing diabetes, thereby
contributing to improved patient outcomes and healthcare
efficiency.

3.1. Advanced Optimization Techniques

a. Optimization Techniques: In order to fine-tune the
model's weights during backpropagation, we employ
cutting-edge optimization techniques such as Adam and
RMSProp. These optimization methods allow for a quicker
convergence time and a boost in speed.

b. Dropout Regularization: To avoid overfitting, we
employ this technique, which involves temporarily turning
off some of the network's neurons during training. By
doing so, we can avoid the network becoming too
specialized. As a result of this procedure, the model may
acquire more accurate and complete representations of the
input.

c. Adaptive Learning Rate: During your training, the
training tempo will alter based on how quickly or slowly
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you are learning. This enhances the model's capability to
tune its weights and allows for faster convergence.

Model Analysis and Inspection When evaluating the
effectiveness of the modified MLP model, we compare its
accuracy, sensitivity, and specificity to those of baseline
machine learning methods and the original MLP algorithm.
By comparing the old and new versions of the MLP model,
we can evaluate the gains from the updates. Figure 1 shows
a flowchart of the process.

Load Dataset

{} Preprocessing

Run PCA on dataset

\

Run ML Algorithms

SvVC

Maive Bayes

Logistic Regression
KMNN & Random Forest

@ MLP with SVIM

Evaluate Accuracies

Figure 1. Flowchart of Data Pre processing

The author suggested using methods like classification,
clustering, and regression when working with datasets of
varying sizes [19]. The PIMA dataset was used in this
study. The MLP was used for the case study, which
included collecting health-related data. A unique method
called the "multi-layer Perceptron" was developed during
the 1990s to improve neural networks' learning capacities
by using a single hidden layer. The name "multi-layer
Perceptron” (MLP) has been used to describe this method.
The conventional neural network learning approach, also
known as the standard neural network learning approach,
suffers from slow training speed and overfitting; this
method avoids these issues. These problems impact the
conventional neural network-based learning method. This
method is also known as the standard neural network
learning approach. In a Multi-layer Perceptron, the
configuration of each hidden node is learned independently
through trial and error. Data compression, feature learning,
feature grouping, sparse approximation, and regression
analysis are just some of the many practical applications of
these techniques. Sparse approximation is one such use, but
there are others as well. As shown in Figure 2, a common
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type of neural network used in deep learning is called a
multi-layered perceptron (MLP).

Legend:

. Input Layer

Hidden Layer

‘ Qutput Layer

Figure 2. MLP Layers

The flexible computational models known as Multiple-
Layer Perceptrons (MLP) may be used for a wide variety
of problems, including clustering, logical regression, and
classification. The MLP functions by adapting a
"generalized" form of the feedforward neural network
architecture used in SNNs. The settings for MLP's hidden
nodes must be constructed using a random number
generator. This is a necessary step in the procedure. If we
apply the principles of classical optimization theory to the
MLP issue, we may classify it as an optimization problem
with a formulation similar to the support vector machine
optimization problem. This is the case if we compare the
answers to the two problems using SVM. However, SVM
frequently produces fewer desirable outcomes when
compared to MLP. Figure 3 depicts a mathematical
representation of the problem and may be found here

Layer | Layer 2 Layer 3

l—c;

Output
Class

Input

Features| —s C3

p—s Cy

X3<fi(WxX'+B) Y=f(W %X +BY)

Figure 3. MLP Layers Mathematical Model

4. Result Analysis

The proposed modified MLP algorithm for diabetes
illness prediction, in combination with the PCA-
transformed PIMA diabetes dataset, is expected to improve
upon the prediction accuracy of both conventional machine
learning methods and the standard MLP algorithm. This
improvement will be identified using the PIMA diabetes
dataset. These improvements in generalization and
prediction accuracy are a result of the updated MLP model.
Advanced optimization methods, dropout regularization,
and flexible learning rates are some of the enhancements
that have been implemented. Therefore, the modified MLP
model can be used to rapidly and precisely identify people
who are at high risk of developing diabetes. As a result,
doctors and nurses may intervene and treat patients sooner,
increasing both their health and the effectiveness of the
healthcare system.

KNN Test Dataset Prediction Accuracy : 63.63636363636363

Multinomial Naive Bayes Test Dataset Prediction Accuracy : 70.12987012987013
Random Forest Test Dataset Prediction Accuracy : 74.67532467532467

Logistic Regression Test Dataset Prediction Accuracy : 75.32467532467533
Linear SVC Test Dataset Prediction Accuracy : 59.09090909090909

Modified Multi- Layer Perceptron Accuracy : 93.5064935064935

Figure 4. MLP Accuracy Output

Figure 4 shows the results obtained by applying the PCA
transformation to the PIMA Indian Diabetes dataset before
running it through the Modified Multi-Layer Perceptron
(MLP) Algorithm for Diabetes Disease Prediction. In terms
of prediction accuracy, the modified MLP method excels
over the standard MLP algorithm, logistic regression,
support vector machines (SVM), decision trees, and k-
nearest neighbours (k-NN). The enhanced prediction
accuracy of the updated MLP algorithm is proof of this.
Newer versions of the MLP model may be responsible for
this increased accuracy. Adaptive learning rates, advanced
optimization methods, and dropout regularization were
some of the alterations made. In conclusion, the modified
MLP algorithm outperforms both baseline machine
learning methods and the original MLP algorithm in
predicting diabetes-related illnesses. To be sure, this is the
situation. Improved patient outcomes and healthcare
system efficiency may result from its use since it helps
doctors identify those at high risk and intervene with them
sooner rather than later. These modifications, depicted in
Figure 5, are what allow the updated MLP model to
perform better and generalize more effectively.

The improved sensitivity and specificity of the updated
MLP model show that it can correctly distinguish between
positive and negative examples. Not only does the model
show enhanced prediction accuracy, but its sensitivity and
specificity have also increased. This improved efficiency is
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crucial for diabetes disease prediction because it enables
doctors to provide targeted therapies to those at high risk
of developing diabetes while sparing those at low risk from
unnecessary treatments.

Modified Multi-Layer Perceptron Algorithm for Diabetes Disease Prediction

074371859 0.59016393 0.35353535 0, 050074516

Upload Diabetes Dataset s
J 023441503 %0. | DISEASE PREDICTION RESULT : POSITIVE

Run Preprocessing 1 04271353 0.54098361 019292929 0. 039642325

— 01165670431, | DISEASE PREDICTION RESULT : NEGATIVE

e [S. 091959799 0.52459016 0. 0. 034724292
02536293832, | DISEASE PREDICTION RESULT : POSITIVE

Predict Machine Algorithm Model

: 11 04472318 0.54098361 023232323 0.1IIIIIL 041877784

00350017121 | DISEASE PREDICTION RESULT : NEGATIVE

Accuracy Comparison Graph

[o. 065544221 0.32786885 0.35353535 0.19855156 0.64232459
Exit 09436379233, | DISEASE PREDICTION RESULT : POSITIVE

3 055291457 0.60655738 0. 0. 0.38152012
0.05251921 30. | DISEASE PREDICTION RESULT : NEGATIVE

Figure 5. MLP Layers Mathematical Model

In order to improve the modified MLP model's
generalization capabilities, dropout regularization and
adaptive learning rates were added. Dropout regularization
is a technique for reducing overfitting in machine learning
models that works by turning off certain neurons during
training. Convergence can be accelerated, and model
weights can be optimized more precisely using adaptive
learning rates. These enhancements provide a model that is
more robust and generalizable, meaning it can deal with
complex data patterns and do well with data it has never
seen before.

Evaluation against Competing Deep Learning Models
When compared to existing deep learning models, such as
convolutional neural networks (CNNs) and recurrent
neural networks (RNNs), the modified multilayer
perceptron (MLP) model shows competitive performance
in predicting diabetes disease. The PIMA Indian Diabetes
dataset is highly tabular, and the modified MLP model
captures complicated associations with ease. Even though
convolutional neural networks (CNNs) and recurrent
neural networks (RNNs) have excelled in image-based and
time-series applications, respectively, the modified MLP
model is the superior option for tabular data

KNN Acc Maive Bayes Acc  Random Forest Acc Logistic Regression Acc  Linear SVC Acc Proposed MLP

Figure 6. Accuracy Output
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In Figure 6, we see how the MLP algorithm stacks up
against some competing methods. Using the hospital
dataset, it was shown that the extreme learning algorithm
provides the best diabetes prediction results. This was the
final decision. We apply an MLP and a hybrid learning
strategy to a health dataset with the goal of better predicting
who might develop diabetes in the future. Since the MLP
possesses these features, it is able to achieve the desired
effect. With this technique, you won't need to perform local
minimization or run multiple iterations to obtain the
minimum value. Its widespread use may be credited, at
least in part, to its superior generalization, durability, and
manageability, as well as the incredible speed with which
it picks up new information. Several methods were
explored during the early stages of standard MLP
development, and each one resulted in the creation of MLP
algorithms with significantly improved performance. The
classic MLP may now be used in a wider variety of settings,
including semi-supervised learning, unsupervised learning,
and supervised learning. These newer programs are an
extension of the supervised learning tools that have been
available for some time.

5. Conclusion

The improved accuracy, sensitivity, and specificity in
predicting diabetes disease using the modified Multi-Layer
Perceptron (MLP) algorithm is a marked improvement
over both the original MLP algorithm and conventional
machine learning techniques. Several improvements, such
as dropout regularization, adaptive learning rates, and
cutting-edge optimization techniques, allowed the
improved MLP model to perform better and be more
generalizable.

Using state-of-the-art optimization techniques, we can
rapidly and accurately optimize the model's weights,
resulting in more accurate predictions. Dropout
regularization, a machine learning technique for reducing
overfitting, works to promote the development of more
reliable and generalized representations of the input by
randomly deactivating a small portion of neurons during
training. Models with adjustable learning rates are more
likely to achieve optimal performance because they can
better account for the details of the training data.

Using the modified multi-layer perceptron (MLP)
algorithm, medical professionals may be able to more
precisely predict who will develop diabetes, leading to
more targeted preventative and early therapeutic measures.
Patients' health and the healthcare system's overall
effectiveness may both benefit from early identification of
those at high risk. The updated MLP model shows potential
as a helpful resource for disease prediction using tabular
data, such as the PIMA Indian Diabetes dataset, when
compared to existing deep learning models like
convolutional neural networks (CNNs) and recurrent
neural networks (RNNs).
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The findings of this work contribute to the growing body
of literature on the medical uses of deep learning and
suggest that the Modified Multi-Layer Perceptron
Algorithm for Diabetes Disease Prediction has great
potential for improving diabetes early detection. The
modified MLP model has the potential to improve patient
outcomes and the efficiency of the healthcare system by
accurately identifying high-risk individuals and facilitating
early intervention.
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