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Abstract

Diabetes is a condition that can be brought on by a variety of
different factors, some of which include, but are not limited to, the
following: age, a lack of physical activity, a sedentary lifestyle, a
family history of diabetes, high blood pressure, depression and
stress, inappropriate eating habits, and so on. Diabetes is a disorder
that can be brought on by a number of different factors. A chronic
disorder that may lead to a wide range of complications. Diabetes
mellitus is synonymous with diabetes. There is a correlation
between diabetes and an increased chance of having a variety of
various ailments, some of which include, but are not limited to,
cardiovascular disease, nerve damage, and eye difficulties. There
are a number of illnesses that are connected to kidney dysfunction,
including stroke. According to the figures provided by the
International Diabetes Federation, there are more than 382 million
people all over the world who are afflicted with diabetes. This
number will have risen during the years in order to reach 592
million by the year 2035. There are a substantial number of people
who become victims on a regular basis, and a significant
percentage of those people are uninformed of whether or not they
have it. The individuals who are most adversely impacted by it are
those who are between the ages of 25 and 74 years old. This paper
reviews about various machine learning techniques used to detect
diabetes mellitus.
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1. Introduction

According to the description of diabetes mellitus
(DM), which can be found in the medical dictionary,
diabetes mellitus is "a group of metabolic diseases
characterized by hyperglycemia resulting from defects
in insulin secretion, insulin action, or both." There is a
connection between persistent hyperglycemia and the
metabolic changes that are associated with diabetes
mellitus. These changes include glucose, lipid, and
protein metabolism [1]. Specific, these organs are
more susceptible to the complications that are
connected with diabetic complications.
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Type 1 diabetes (known as TIDM), type 2 diabetes
(known as T2DM), and gestational diabetes are the
three forms of diabetes that are defined according to
the etiology and clinical presentation of the disease. In
the majority of instances, type 1 diabetes mellitus
(T1DM) is a consequence of an absolute insulin deficit.
This shortfall is a result of the death of B cells in the
pancreas, which is mostly caused by an autoimmune
process that is mediated by cells. Diabetes mellitus,
often known as gestational diabetes, is a disorder that
is diagnosed or becomes recognized for the first-time
during pregnancy. The intensity of glucose intolerance
that is characteristic of this illness may range from
mild to severe [2].

This kind of diabetes is the most prevalent,
accounting for ninety percent of all diabetic diagnoses.
Individuals who are diagnosed with type 2 diabetes
often do so after the age of 40; however, this kind of
diabetes may also afflict younger individuals and even
children. There is a possibility that the afflicted
individual may not have symptoms of this sort for a
considerable amount of time, and a significant number
of patients are identified by accident when they seek
treatment for related or unrelated issues. These
individuals do not need insulin treatment, in contrast
to those who have type 1 diabetes; The use of oral
hypoglycemic medications or through the use of diet
alone [3]. Individuals diagnosed with type 2 diabetes
do not need insulin therapy.

A person's diet, smoking habits, obesity, and lack
of physical exercise are all examples of certain risk
factors. The term "modifiable" risk factors is
occasionally used to refer to behavioral risk factors [4].
This is due to the fact that these risk factors are capable
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of being adjusted or modified. Diabetes type 2 is one
of the noncommunicable disecases (NCDs) that is
among the most frequent all over the world, and its
prevalence is gradually expanding. This is a fact that
is well known. There were more than 460 million
individuals who were regarded to be living with
diabetes in the year 2019, according to research that
was published by the International Diabetes
Federation (IDF). According to projections, this
number will have climbed to 578 million by the year
2030, and by the year 2045, it is anticipated to have
reached 700 million. These figures are supported by
estimates. According to estimates provided by the
International Diabetes Federation (IDF) [5].

During the course of the past twenty years, a lot of
study have been carried out with the objective of
forecasting the development of diabetes and its
prevalence on a worldwide scale. The research
conducted in these studies has used a wide range of
data and techniques of analysis [6,7]. The estimates
that will be made in the future regarding the burden of
diabetes are of the utmost significance for the design
of health policy and the evaluation of the expenses that
are required to manage diabetes [8,9,10]. Alphabets
are used in a wide range of fields, including data
modelling, and visualization [11,12].
Machine learning is a study that focuses on the
application of algorithms. The modelling of diabetes
has been the subject of a number of research that have
been published [13,14,15,16]. Classes 1 and 2 are the
lowest, as well as classes 3 and 3 respectively. Class 1
is the lowest class, followed by Class 2, which is the
medium low, Class 3, which is the center, and Class 4,
which is the highest class. Class 1 is now the lowest
class.

analysis,

The paper is structured in the following manner.
In Section 2, a literature review is presented. In the
third section, modelling approaches are discussed.
Methodology for conducting experiments is covered
in Section 4. Part 5 is where the findings are presented.
In Section 6, a description of the outcomes that were
achieved is also included. Last but not least, Section 7
brings this article to a close and indicates potential
topics for further investigation.

In spite of this, it was estimated that about 537 million
persons throughout the globe were diagnosed with
diabetes in the year 2021. This statistic represents one
in ten adults who are diabetic around the world. The
International Diabetes Federation (IDF) conducted
research that anticipated the number of diabetics in the
globe to reach 643 million by the year 2030 and 784
million by the year 2045. As can be seen in Figure 1,
the Western Pacific area is now home to the highest
number of diabetes patients in the whole globe [5].

Figure 1. Global diabetes prevalence by region.

1.1 Diabetes and its Types

In the metabolic problem that is often referred to
as diabetes mellitus (DM), there are a number of
different probable factors that might contribute to the
development of the condition. a lack of insulin, or both
of these conditions. A kind of ailment that persists for
a considerable amount of time is diabetes. In the case
that the levels of glucose in the blood continue to be
elevated for a lengthy period of time, there is a
potential that complications may arise. On the other
hand, gum disease and tooth decay are two instances
of the many kinds of oral health problems that a person
could have. The illness that is known as diabetic
retinopathy is one that has the potential to cause a loss
of vision and, in more severe cases, blindness among
diabetes patients. Circulatory illnesses, sometimes
referred to as cardiovascular diseases or CVD, include
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conditions such as heart attacks, strokes, and
peripheral artery disease. These are all instances of
ailments that affect the heart and blood arteries.
Because of these problems, the distribution of blood
to the legs and feet is insufficient. Chronic kidney
disease, also known as diabetic nephropathy, is
marked by the kidneys not working properly or at all.
This condition is also often referred to as kidney
disease.[7]: Diabetes manifests itself in three distinct
forms: type 1 diabetes, type 2 diabetes, and gestational
diabetes. These three kinds of diabetes are all
considered to be subtypes of diabetes.

Type 1 diabetes (T1D)

When a person has type 1 diabetes, their body
struggles to create enough insulin. Because insulin is
required for the cells of the body to be able to absorb
glucose from the circulation, the cells are forced to
depend on alternative sources of energy. Diabetes and
the difficulties that come along with it are caused by
an excess of glucose in the blood. Another name for
this kind of diabetes is insulin-dependent diabetes
mellitus (IDDM), which is an abbreviation. People of
any age may be affected by it, however adolescents
and teens are more likely to be affected than other age
groups. Injections of insulin (and, in some cases, oral
medications), physical activity, careful planning of
meals, and adjustments to one's lifestyle are all
necessary components of this method of managing
diabetes.

Type 2 diabetes (T2D)

Over the age of forty is the age group that is most
likely to be affected by the disease; nevertheless,
adolescents and young children are also showing signs
of increasing prevalence. Type 2 diabetes, you will
need to regulate your lifestyle, eat well, and exercise
regularly. In certain cases, you may also need to take
insulin or oral medications.[6]

1.2 Machine Learning Algorithms

The area of machine learning (ML) is one that is
presently seeing significant advancement and is being
used in the medical business for a wide range of

reasons at the present time.[45] The models that are
used for machine learning all learn from their prior
experiences and form conclusions depending on the
data that they have to work with. As a consequence of
recent advancements in machine learning, the process
of diagnosing diabetes will become far less
challenging and more cost-effective. People who have
diabetes have access to a large number of data sets
relevant to the condition. Because of this, machine
learning is an essential tool for the diagnosis of
medical conditions. This study has a number of goals,
one of which is to produce a forecast regarding the
chance of a patient developing diabetes. The
application of algorithms is what is meant by the term
"machine learning." There are two aspects of learning
that are relevant to the study that is being conducted.

(1) Observation and Instruction
(2) The process of learning without supervision.

The purpose of an algorithm for supervised learning is
to make predictions based on data that has been
labelled. Labelling the data is an essential part of
supervised learning. The simulation is a representation
of what a learner may learn from a teacher.

It's more like learning on your own based on the
experiences you've had in the past. The objective is to
develop a value prediction for a variable. To represent
the data, a
characteristics are employed. There is no room for
doubt about the consequence of directed learning. The
model is able to generate predictions since it is based
on self-learning. The most important objectives of
these models are to achieve forecasting, classification,
detection, segmentation, and categorization of data.
The following are some examples of applications that

collection of characteristics and

may be made use of machine learning: analysis,
recognition, image analysis, information retrieval,
bioinformatics, data compression, and computer
graphics.

2. Diabetes Prediction Literature Review Using
Machine Learning
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The accuracy of naive Bayes was found to be
77%, while the accuracy of logistic regression was
found to be 79%. Gradient boosting was found to have
an accuracy of 86%, while naive Bayes had an
accuracy of 77%.

Using a diabetic data set that was obtained from
the UCI repository, Sadhu, A. and Jadli, A.[9]
conducted an Seven  different
classification methods were used to the validation set
of the data set that was used. These methods were k-
nearest neighbours, logistic regression, support vector
machines, naive Bayes, decision trees, random forests,
and multilayer perceptron.

experiment.

The use of supervised machine learning methods
including support vector machines (SVM), naive
Bayes classifiers, and Light GBM, they trained on the
real data of 520 diabetes patients and probable diabetic
patients ranging in age from 16 to 90. According to the
results of a comparison between the accuracy of
classification and recognition, the performance of the
SVM is the most striking.

With an accuracy rate of 93.27%, the naive Bayes
classifier is the classification technique that is used the
most often now. Based on its accuracy rating of
96.54%, SVM is the most accurate. In terms of
accuracy, Light GBM is only 88.46% accurate. Based
on this evidence, support vector machines (SVM) are
the most effective classification technique for diabetes
prediction.

The repository at the University of California,
Irvine (UCI) was the source of the data set that was
used in this investigation. The results achieved using
this technique were also compared to the results
obtained using a number of classic machine learning
algorithms, such as support vector machines (SVM),
deep neural networks (DT), k-nearest neighbours (k-
NN), naive Bayes classifier (NBC), random forest

classifier (RFC), and logistic regression methods (LR).

A better level of prediction accuracy (96% for GWO-
MLP and 97% for APSO-MLP are the respective
figures). The findings of this study have the potential

to be used in clinical settings and to serve as a resource
for medical professionals and practitioners.

The PID data set that was accessible via the UCI
repository was used by Sisodia et al. [15]. A total of
768 patients and eight characteristics were included in
this data collection. In order to identify diabetes
individuals, they used three different machine learning
classifications: DT, SVM, and NBC. When compared
to the other models, NBC had the greatest accuracy,
which was calculated to be 76.30%.

The DT, k-NN, and SVM are examples of
classification methods that were used by Hassan et al.
[18] in order to make a prediction about diabetes
mellitus. With a maximum accuracy of 90.23 percent,
the SVM algorithm fared better than both the DT and
KNN approaches.

Author found out that the J48 approach had a

greater accuracy than other methods, with a score of
73.82%, before they carried out any preprocessing on
the data. Following the completion of preprocessing,
both k-NN and RFC showed enhanced accuracy.
J48, LR, and k-NN algorithms were evaluated by
Meng et al. [20] using the diabetic data set as their
subject. The classification accuracy of J48 was judged
to be the highest, coming in at 78.27% after being
evaluated.

Nai-Arun and Moungmai [21] developed an
online application for diabetes prediction that is
dependent on the accuracy of the forecast. A number
of different prediction approaches, including bagging
and boosting, were compared by them.

In order to achieve their goal of making a forecast
about diabetes, Kavakiotis et al. [22,23] used the NBC,
RFC, k-NN, SVM, DT, and LR methodologies. There
was a tenfold cross-validation approach that was used
in the application of the algorithms. According to the
findings of the research, the SVM performed the best
in terms of accuracy among all the methods,
measuring 84%.
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Table 1 Features comparison of planned study to state-
of-the-art studies.

Study | Diabetes | Diabet | Real- Perform
classifica | es time ance
tion predict | healthc | measure

ion are S
data
analysi
S
Propo | v v v Accuracy
sed R
Precision
, Recall,
RMSE, r
[8] v X v Accuracy
, standard
deviation

[34] v X v Accuracy

[26] X v X Accuracy

correlatio
n
coefficie
nt

[4] X X v NA

3. Diabetes Classification for Healthcare

The process of diagnosing a patient's health
status is not only necessary but also very important for
medical experts. The classification of a diabetes type
is one of the most complicated occurrences for
medical experts, and it involves a number of different
tests. On the other hand, doing a diagnostic that takes
into account a number of different aspects might
sometimes result in erroneous findings. Consequently,
the interpretation and categorization of diabetes are
tasks that are very difficult to do. The healthcare
industry has benefited significantly from recent
technological breakthroughs, especially those that
apply to machine learning approaches. These

improvements have demonstrated to be highly useful.
The classification of diabetes has been the subject of a
significant deal of study, and the research literature
has been published with a great deal of different
approaches.[46] An
photoplethysmograms was used to develop a logistic
regression model that was proposed by Qawqzeh and
colleagues for the categorization of diabetes. For
training purposes, they utilized the data from 459
patients, and for testing and validating the model, they

examination of

used 128 data points. They were able to attain an
accuracy of 92% using their suggested approach,
which accurately identified 552 individuals as not
having diabetes.

4. What the classifiers' theoretical ideas are

For the sake of your convenience, the several
classifiers that are used have been segregated into their
respective sub-sections respectively.

The Regression of Logistic

This is done by the use of a statistical model that
is founded on logical function, which allows for the
development of a binary-dependent wvariable.
According to Diwani and Sam (2014), probabilities
are used in order to produce an estimate of the
relationship that exists between the variables that are
dependent and those that are associated with the
independent variables.

When using this strategy, the dependent variable is a
category variable. According to Kaur and Chhabra
(2014), the mathematical expression for it is shown as
follows:

ho(x) = P(Y = 1| X; thet @) (1)

The likelihood that Y equals 1 given X, which is denoted by
the symbol "theta"

P(Y=11X; theta) + P(Y = 0 | X; theta) = 1 ©)

This is the XGBoost.

The installation of gradient enhanced DTs that are
brought into existence in a sequential fashion is what
it is. Its weights are an essential factor to consider. For
the purpose of obtaining the findings, the DTs are
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given a specific weight that is applied to each
individual variable (Butt et al., 2021). Each individual
DT's prediction scores are determined using the
following formula:

Yo=Xk=1fu €F ©)

In the study by Patil et al. (2019), the sign k is used to
indicate the number of trees, the symbol f is used to
describe the functional space, and the symbol F is used
to illustrate the potential set that is accessible.

Gradient Boosting

According to the findings of a study that was
conducted in the year 2020 by Sehly and Mezher, the
majority of students who are failing to learn are
included into a predictive model, which often takes the
shape of DTs.

It is primarily used in situations in which we want

to reduce the bias mistake. Based on Posonia et al.'s
2020 research, a method known as gradient-descent is
used for the purpose of obtaining the coefficient
values.
The function that is used for loss is (y1 - y1')2. The
actual value is denoted by y1, whereas the value that
is predicted by this model is denoted by yl'.
According to Ke et al. (2017), the true goal is
represented by Gn(X), which is therefore substituted
for y1'. Specifically, it may be stated numerically as
follows:

Gn+1(X) = Gn(X) + VnHl(x' en)
L1 = (y1-y1)? (4)
L1 = - Gn(x))z

Decision Trees

Depending on the situation. According to Chen
and Guestrin (2016), it is used to indicate if the
processes in question belong to the classification or
regression categories. There are a few different types
of DTs that are now accessible, and they include ID3,
ID 4.5, CART, and CHAID.

Following is a list of the measurements that are
utilized on DT: In Khanam and Foo's 2021, entropy,
the Gini index, and standard deviation were all

considered. The following is the mathematical
calculation that is used to determine it (Ambigavathi
and Sridharan, 2018):

Entropy = -1 piilog (pir)
Gini Index =1 - Y™, p34

&)

Extra Trees

Additional trees, often known as ETs, are frequently
referred to as 'extremely randomized trees
classifiers." According to Chen et al. (2017) RF in that
the construction of DTs is different. The entropy is
determined by the following formula:

Entropy (S1) = ¥fi-; — pislog, pis

Entropy (S1) = ¥f{-; — pulog, pis (6)

where the number of distinct class labels is denoted by
the symbol c1, and the percentage of rows that include
an output label is denoted by the symbol pil (Sisodia
and Sisodia, 2018).

Gain (S1, A) = Entropy (51) —
51
Se vate (4) 5y Entropy (S1y) (M)

Light Gradient Booster

It is referred to as a "GB framework" that is
created on the DT algorithm, as stated by Ahmed and
Arya (2021). The most important functions that it
performs are those of classification and ranking. The
tree is chopped down one leaf at a time using the best-
fit method. This method is used to cut everything
down individually. According to the conclusions of
the research that was done by Zhu and colleagues in
the year 2020, Several various approaches might be
used to communicate this idea, including the
following:
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TABLE 1. Percentage accuracy.

Logi | XG | Gra | Dec | Extr | Ran | LG
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e regr |clas |t n tree | m M
set | essi | sifie | Boo S fore
on r stin | tree | Clas | st

g sifie

clas r

sifie

r
PI

M | 752 |83. | 94. |94. |94.6 | 94. | 95.
A 0% |30 10 40 0% |80 |20
ind % % % % %
ian
Dat
ase

The LGBM algorithm, which has a rate of accuracy of
95.2%, is capable of achieving the maximum degree
of precision that is possible. Comparison with the
previous methods is shown in table 2.

Table 2 Comparison with the previous works

Previous work Method Aceuracy(%)
Zolfaghari [33] Ensemble of SVM and | 88.04

NN
Sneha and Gangil [34] Feature Selectionand | 77.37

SVM
Edeh, Khalaf, Tavera, Tayeb, Ghouali, | SVM 8.l
Abdulsahib, Richard - Nnabu and [35]
Massaro, Maritati, Giannone, Convertini | LSTM-AR 89

and Galiano [36]

Dadgar and Kaardaan [37] UTANNandGA | 8746
Zou, QU, Luo, Yin, JUand Tang [38] | Memr-if 7121
Ashiquzzaman, Tushar, Islam, Shon, I, | Deep MLP 8841
Park, Lim and Kim [39]

Stacked Autoencoders- | 86.26
DN
Conv-LSTM 91.38
DCNNISMOTE/Outlier | 86.29
Detection

Kannadasan, Edla and Kuppili [40]

Rahman, slam, Mukti and Saha [41]
Alex, Nayahi, Shine and Gopirekha [42)

o

5. Conclusion

From the above study, it can be concluded that
the LGBM algorithm is capable of achieving the
maximum degree of precision in comparison of
various machine learning algorithms. The accuracy of
the predicted diabetes mellitus disease can be
improved by augmenting the dataset with other
sophisticated techniques such as transformer-based
learning. Attributes can also be used in various
combinations for identification purposes. The
classifiers can be further fine-tuned to predict the
disease more accurately. The probability of
occurrence of diabetes mellitus disease can also be
calculated. In order to circumvent the challenges of
employing linear functions in high-dimensional
feature space, SVM and support vector regression may
be employed to change the optimization issue into
dual convex quadratic approaches. This further
improves the accuracy percentage and provides a
deeper model for predicting diabetes mellitus disease
in affected people. When data points cannot be
partitioned along a linear axis, SVM uses a high-
dimensional feature space to categories them. After
determining where the two groups part ways, the
information is transformed such that the boundary
may be shown visually as a hyper plane.
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