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ABSTRACT

Diabetes Mellitus is one of the world’s leading cause of heart attacks, kidney failure, lower limb
ablation, stroke and blindness. The number of affected people increased from 108 million to 422
million from 1980 to 2014 and will go as high as 629 million by 2045. Automated testing, early
prediction and diagnosis of diabetes mellitus is therefore essential for improvement of patient’s
survival rate. In this paper, we have explored various deep learning methods like single LSTM,
Auto-Encoder, optimized CNN + LSTM and LSTM Skip connection model over the same two
datasets PIMA Indian Diabetes dataset and dataset collected from the victims in Sylhet Diabetes

Hospital, Bangladesh. We have achieved highest accuracy of 93.26% in LSTM with Skip
connection algorithm and highest Precision of 98.53% in Optimized LSTM + CNN algorithm.
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CHAPTER 1: INTRODUCTION

11

1.2

1.3

Motivation

Diabetes Mellitus is one of the world’s leading cause of heart attacks, kidney failure, lower
limb ablation, stroke and blindness, according to World Health Organization (WHO) and it
was the major cause of 1.5 million deaths in 2019 [1]. The number of affected people
increased from 108 million to 422 million from 1980 to 2014 and will go as high as 629
million by 2045 [2].It is predicted that approximately 592 individuals will die from
diabetes by the year 2035.Hence, our proposed method focuses on the early detection and
diagnosis of diabetes mellitus with improved accuracy and further analysis.

Objectives

The objectives of this thesis are:

l. Study of different types of diabetes and its symptoms.
Il. Gain insight into the different deep learning methods.
1. In specific, prediction of diabetes at early stage and focus on improving the
accuracy by our proposed methodology.

Outline

This thesis is divided into six chapters.

In this chapter, we presented the motivation behind doing this project thesis and the broad
framework of the thesis.

Chapter 2 gives an overview of the symptoms, risk factors and different types of diabetes
and deep learning methods and finally a study of previous literature.

Chapter 3 presents the databases that were used in the method proposed in this thesis.
Chapter 4 presents the models used in our proposed methodology.

Chapter 5 presents the results obtained from the methods used for diabetes prediction.
Finally, we conclude the thesis presenting its main conclusions in Chapter 6. The future
scope of our work is also discussed.




CHAPTER 2: BACKGROUND

2.1 Diabetes Mellitus

Diabetes Mellitus is a medical condition that results from either insufficient insulin production
by the pancreas or ineffective utilization of insulin by the body, leading to elevated levels of
glucose (blood sugar)[3]. People of all ages are affected by it. It is one of the world’s leading
cause of heart attacks, kidney failure, lower limb ablation, stroke and blindness, according to
World Health Organization (WHO).

2.1.1 Symptoms Of Diabetes
Symptoms of Diabetes includes the following

e Thirst

e Frequent Urination

e Unintended weight loss

e Fatigue

e Irritability or mood changes

e Blurred vision

e Slow — healing wounds and frequent infections

2.1.2 Causes of Diabetes

The occurrence of Diabetes Mellitus, irrespective of its type, is due to an excessive amount of
glucose present in the blood [3].

Diabetes is caused by various factors, such as autoimmune disease, damage in pancreas, insulin
resistance, hormonal imbalances and genetic mutations. Insulin resistance, which occurs when
cells in the liver, muscles, and fat do not respond adequately to insulin, is primarily responsible
for type 2 diabetes, and factors such as obesity, hormonal imbalances, genetics, and diet
contribute to varying degrees of insulin resistance. In contrast, type 1 diabetes and LADA result
from autoimmune attacks on insulin-producing cells in the pancreas, whereas gestational
diabetes occurs during pregnancy due to the hormones released by the placenta causing insulin
resistance. Additionally, Type 2 diabetes can result from other hormone-related conditions such
as acromegaly and Cushing's syndrome, and physical damage to the pancreas due to a condition,
surgery, or injury can cause Type 3c diabetes. Furthermore, specific genetic mutations can lead
to neonatal diabetes and MODY.




2.2 Types Of Diabetes
2.2.1 Type 1 Diabetes

Insulin-dependent diabetes is another name for Type 1 diabetes, which was previously referred to
as juvenile-onset diabetes because it typically develops during childhood. Type 1 diabetes is an
autoimmune disorder that occurs when the immune system produces antibodies that attack the
pancreas, causing damage to the organ and impeding its ability to produce insulin. Genetic
factors can contribute to the development of this form of diabetes, or it may occur due to issues
with insulin-producing cells within the pancreas. Individuals with Type 1 diabetes are at an
increased risk of developing various health issues, including diabetic retinopathy, diabetic
neuropathy, and diabetic nephropathy, which stem from damage to the small blood vessels in the
eyes, nerves, and kidneys, respectively. Furthermore, those with Type 1 diabetes have a greater
likelihood of developing heart disease and experiencing strokes [4].

The medicaments for Type 1 diabetes involve administering insulin injections into the
subcutaneous fatty tissue beneath the skin.

2.2.2 Type 2 Diabetes

Type 2 diabetes was previously referred to as adult-onset or non-insulin-dependent diabetes, but
over the last two decades, it has become increasingly prevalent among children and adolescents,
primarily due to rising rates of obesity and overweight. Approximately 90% of individuals with
diabetes are diagnosed with Type 2 diabetes. Type 2 diabetes typically has less severe symptoms
compared to Type 1 diabetes, although it can still result in significant health complications,
particularly in the small blood vessels of the kidneys, eyes, and nerves. In addition, Type 2
diabetes increases the likelihood of experiencing heart disorder and strokes [4].

The medicaments for Type 2 diabetes involve maintaining a healthy weight through proper
nutrition and exercise, while some individuals may also require medication.

2.2.3 Gestational Diabetes

During pregnancy, women typically experience insulin resistance to some extent. When this
condition progresses to diabetes, it is referred to as gestational diabetes, which is commonly
detected during the middle or late stages of pregnancy by medical professionals. As a woman's
blood sugar levels are transmitted through the placenta to the growing baby, it is essential to
manage gestational diabetes to safeguard the baby's proper growth and development.

The medicaments of gestational diabetes comprises several measures, including adhering to a
well-planned dietary regime that provides adequate nutrients while limiting fat and calories.
Engaging in regular physical activity and monitoring weight gain are also essential components
of the treatment plan [4]. In case of elevated blood sugar levels, insulin therapy may be necessary
to regulate glucose levels effectively.




2.2.4 Prediabetes

Prediabetes refers to a medical condition in which an individual's blood sugar levels exceed the
recommended range but are insufficient for a diabetes diagnosis by a medical practitioner [4].
Over one-third of the US population has prediabetes, but a majority of them remain unaware of
it. Having prediabetes elevates the likelihood of developing type 2 diabetes and heart disease.

Engaging in physical activity and shedding some extra pounds, even if it is just 5% to 7% of
one's body weight, can effectively reduce the associated risks.

12% 1% 10%

M Type 1 diabetes
M Type 2 diabetes
W Gestational diabetes

Other diabetes

77%

Fig — 1: Percentage of types of diabetes

Source: https://diabetesmellitusucd.wordpress.com/what-exactly-is-diabetes/
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2.3 Literature Survey

Diabetes, being a non-communicable ailment, can give rise to long-term complexities and grave
health concerns. The World Health Organization's report [5] sheds light on the impact of diabetes
and its associated complexities, which can adversely affect individuals, their families, and their
finances. The study also revealed that an uncontrolled stage of diabetes leads to approximately
1.2 million deaths, while roughly 2.2 million deaths are caused by other diseases related to
diabetes, such as cardiovascular ailments, which arise due to its risk factors.

This paper [6] explores several classifiers and proposes a decision support system that employs
the AdaBoost algorithm with Decision Stump as the ground classifier for classification.
Additionally, Naive Bayes, Support Vector Machine and Decision Tree have also been
implemented as ground classifiers for the AdaBoost algorithm to validate its accuracy. The
precision attained for the AdaBoost algorithm with Decision Stump as the ground classifier is
80.72%, which is significantly higher than that of Support Vector Machine, Naive Bayes, and
Decision Tree. In [7] research was conducted to detect diabetes using various machine learning
(ML) algorithms including MLP, J48, Sequential Minimal Optimization (SMO) and Reduced
Error Pruning Tree (REP-tree)methods. Their study concluded that the SMO algorithm resulted
in the highest accuracy of 76.80%. In [8] the author employed Artificial Neural Network for
diabetes prediction. Training of the data was done utilizing the MATLAB and performed
regression analysis using distinct algorithms, namely BFGS Quasi-Newton, and Levenberg-
Marquardt and Bayesian Regulation in which they achieved 88.8% accuracy. Ensemble of ML
models (DT + XGB + LGB + RF) was done by the authors in [9] in which they achieved highest
accuracy of 0.735 and area under ROC curve of 0.832. In [10] Convolutional Long Short-term
Memory (Conv-LSTM) model was developed and the performance was compared with
Convolutional Neural Network (CNN), Traditional LSTM (T-LSTM), and CNN-LSTM. Highest
accuracy of 91.38% was attained in Conv-LSTM model. An Optimization Based CNN-Bi-LSTM
deep learning model for diabetes prediction was developed by [11] which achieved accuracy of
98% exceeded other deep learning models.

Likewise, even a slight modification in data could significantly impact the entire structure of the
decision tree model [12]. Additionally, Support Vector Machine (SVM) may encounter minor
challenges with noisy data [13].

Diabetes is detected by scrutinizing Heart Rate Variability (HRV) signals derived from ECG
signals in [14]. To automatically detect the abnormality, they employed Convolutional Neural
Network (CNN) and a combination of CNN and Long Short-Term Memory (LSTM), referred to
as CNN-LSTM deep learning networks. They obtained the highest accuracy of 90.9% in CNN-
LSTM on the test data.




CHAPTER 3: MATERIALS

3.1 Diabetes Datasets

Publicly available datasets such as PIMA Indian Diabetes Dataset and dataset
collected from the victims in Sylhet Diabetes Hospital, Bangladesh were used to
experiment and evaluate the results of various algorithms.

e The National Institute of Diabetes and Digestive and Kidney Diseases provided
the PIMA Indian Diabetes dataset [15] with the aim of predicting, through
specific diagnostic measurements included in it, whether a patient has diabetes
or not. This dataset consists of 768 rows (data) and a total of 9 columns
(features).Mostly all the data here are of females of at least 21 years old.
Outcome is either 1 (‘has diabetes’) or 0 (‘does not have diabetes’).

e The second dataset used for this experiment is dataset collected from the
victims in Sylhet Diabetes Hospital, Bangladesh [16] which consisted of 520
rows (data) and 17 column ( features) including the Outcome column.

3.2 Software Used

Python 3.7 has been used for this project along with OpenCV 4.5.1 and Scikit Image
0.17.2 package for different image operations. Matplotlib 3.4 package has been used
for visualization of various images and plotting graphs and results. Jupyter Notebook
and Pycharm have been used as an Integrated Development Environment (IDE). This
entire project was performed on a Laptop with specifications: Windows 10 64bit
platform Intel(R) Core(TM) i7-9750H CPU @ 2.60GHz 2.59 GHz, 32GB RAM,
NVIDIA Cuda GeForce GTX 1660 Ti 6GB GPU.




CHAPTER 4: METHODOLOGY
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Fig -2: Overall Methodology of the proposed work.

Implementation Details

The initial step of the methodology is data pre-processing & data modeling. As the
data obtained from various sources is often collected in raw format that is unsuitable
for analysis that is why data needs to be pre-processed before feeding it into various
algorithms for obtaining better results [17].1t includes the following steps in the
below sequence:

Data Pre-processing

4.1.1 Importing the Libraries and dataset
To carry out data preprocessing with Python, we must import pre-existing Python
libraries that have specific functions. The libraries that we have used for data
preprocessing are numpy, pandas, and matplotlib. And then finally we import the
dataset using the read_csv() function.




4.1.2 Picking up the independent & dependent variables

4.1.3 Managing the missing data values

The subsequent phase of data preprocessing involves managing any missing data
present in the dataset. Failure to address missing values can pose significant
challenges to the machine learning model's effectiveness. Therefore, it is crucial to
handle missing values in the dataset. There are two primary methods of managing
missing data: deleting the entire row or column that contains null values or
calculating the mean of the column or row containing missing data and substituting it
in place of the missing value [36].

Data Modeling/Data Scaling

4.1.4 Data Transformation Using Quantile Transformer

Quantile transforms refers to a method used to convert numerical input or output
variables in order to achieve a Gaussian or uniform probability distribution [21].
It aims to map the data to a specified probability distribution, such as Gaussian or
uniform, by estimating the quantiles of the data and applying a transformation
accordingly. This transformation can be useful for various purposes, such as
normalizing the data or reducing the impact of outliers.

Data transformation can also be done by various other scaling functions like
StandardScaler function that standardizes the data and ensures that the data has a
mean of zero and standard deviation of one.Similarly, there are other scaling
functions like MinMaxScaler(), RobustScaler(), MaxAbsScaler() and
PowerTransformer().Data Transformation can be improved by Box-Cox
transformation as in [20]. These scaling functions improve the performance and
stability of Machine Learning Models

Data Splitting

4.1.5 Data Splitting

Data splitting refers to the process of separating a dataset into separate subsets for
training, validation, and testing [33]. The dataset is typically split into two or three
portions, depending on the specific use case and available data:

Training Set: This subset is used to train the machine learning model. The model
learns patterns and relationships in the data from this set.




Validation Set: Also known as the development set, this subset is used to fine-tune
the model and optimize its hyperparameters. It helps in assessing the model's
performance and making adjustments to improve its generalization ability.

Testing Set: This subset is used to evaluate the final performance of the trained
model. It provides an unbiased estimate of the model's performance on unseen data.

Data splitting is a critical step in machine learning as it allows for proper evaluation,
validation, and optimization of models. It is also important for avoiding Overfitting
and Hyperparameter Tuning. It helps ensure the model's ability to generalize well and
perform reliably on unseen data, making it a fundamental practice in the field of
machine learning.

Model Building
4.1.6 Basic ML Algorithms

i.  K-Nearest Neighbor(K-NN)
K-NN is a straightforward machine learning algorithm that falls under the
category of supervised learning techniques. It relies on the assumption of
similarity between new data points and the existing labeled data to classify
the new data into the most similar category. The K-NN algorithm stores all
the available data points in its memory and determines the category of a new
data point by comparing its similarity with the existing data [38]. Essentially,
it finds the K nearest neighbors to the new data point and assigns the category
that is most prevalent among those neighbors.

o o >

A

‘i\ Category B }\ Category B

New data point New data point

K-NN assigned to
Category 1

Category A } Category A

Fig 3- : K-NN Algorithm (Source -https://www.javatpoint.com/k-nearest-neighbor-algorithm-for-machine-learning)
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Logistic Regression (LR) —

Logistic regression is an extensively employed machine learning algorithm,
categorized under supervised learning techniques. Its purpose is to predict a
categorical dependent variable using a given set of independent variables[31].
Logistic regression is specifically designed for predicting the outcome of a
categorical dependent variable. Therefore, the predicted outcome falls into
discrete categories, such as Yes or No, 0 or 1, true or false, among others.
Instead of providing an exact value of 0 or 1, logistic regression produces
probabilistic values that range between 0 and 1[22].

In logistic regression, rather than fitting a regression line, we establish a curve
following an "S" shape known as the logistic function. This logistic function
predicts maximum values of O or 1.The curve derived from the logistic
function represents the likelihood of a certain outcome

A

0.5

0

Threshold Value

y=0.3

»x

Fig -4: LR function ( Source - https://www.javatpoint.com/logistic-regression-in-machine-learning)

Decision Tree —

The Decision Tree is a supervised learning technique that is versatile and
applicable to both classification and regression problems, although it is
predominantly used for classification tasks.[32] It is characterized by a tree-
like structure, where internal nodes represent the features of a dataset,
branches represent decision rules, and each leaf node represents an outcome.
Within the Decision Tree, two types of nodes exist: Decision Nodes and Leaf
Nodes. Decision nodes are responsible for making decisions and possess
multiple branches that correspond to different conditions or rules. On the
other hand, leaf nodes serve as the final output of these decisions and do not
contain any additional branches. They represent the predicted class or value
based on the applied decision rules.
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Training
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Test Set

Gaussian Naive Bayes —

The Naive Bayes algorithm is a popular technique for supervised
classification tasks, utilizing the Bayes theorem .[25] It finds wide application
in text categorization tasks that involve a considerable amount of training
data. The Naive Bayes Classifier stands out as a simple and effective
algorithm for classification, enabling the rapid creation of machine learning
models that deliver accurate predictions. As a probabilistic classifier, it uses
the probability of an event occurring to make predictions.

Random Forest (RF) —

It is a supervised learning method that is applied to both Classification and
Regression tasks in machine learning. It is founded on the concept of
ensemble learning, which involves combining multiple classifiers to solve
complex problems and enhance model performance. As its name implies, it is
a classifier comprising numerous decision trees built on different subsets of
the provided dataset. [23] By averaging the predictions from each tree, it
enhances the accuracy of predictions. Instead of relying on a single decision
tree, the random forest considers the majority votes from the predictions
made by each tree to determine the final output.

Training Training Training
Data Data eee Data
1 2 n
Decision Decision Decision
Tree Tree Tree
1 2 [ XN ) n
\i/ Fig - 6: Working Principle of RF
Voting (Source - https://www.javatpoint.com/machine-learning-random-forest-
(averaging) algorithm)

i

Prediction




4.1.7 Proposed Model
I.  Long Short Term Memory Networks ( LSTM) —

The LSTM (Long Short-Term Memory) model is a type of recurrent neural
network (RNN) that is designed to address the vanishing gradient problem
and capture long-term dependencies in sequential data. It is widely used in
tasks such as natural language processing, speech recognition, and time series
analysis [28]. The working principle of an LSTM model involves the use of
specialized memory cells, known as LSTM cells, which are capable of
retaining information over long periods of time. An LSTM cell's essential
elements are:

Cell State (Ct): The cell state acts as a memory that stores information from
previous time steps, allowing the LSTM to capture long-term dependencies. It
can selectively retain or discard information through gates.

Input Gate (i): The input gate determines which information from the current
time step is relevant and should be stored in the cell state. It combines input
features with the previous hidden state to decide what to update.

Forget Gate (f): The forget gate determines which information should be
forgotten from the cell state. It selectively removes irrelevant information
from the previous cell state by using a sigmoid activation function.

Output Gate (0): The output gate controls which parts of the cell state are
revealed as the output. It combines the input features and previous hidden
state to decide what to output.

Hidden State (h): The hidden state is the output of the LSTM cell at each time
step. It is a filtered version of the cell state and carries relevant information to
the next time step [35].

The LSTM model processes sequential data by iteratively applying the
operations of the LSTM cells to each time step. It takes the input at each time
step, updates the cell state, and produces an output. The cell state is updated
based on the input gate, forget gate, and output gate, which are all learned
during the training process.

The LSTM model's ability to retain long-term dependencies and mitigate the
vanishing gradient problem makes it well-suited for tasks that involve
sequential data with complex temporal relationships [40].
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Fig -7 : Working Principle of LSTM

Optimized LSTM +CNN —

The optimized LSTM + CNN algorithm combines the strengths of both Long
Short-Term Memory (LSTM) and Convolutional Neural Network (CNN)
architectures to improve the performance of various tasks, such as image
classification, natural language processing, and time series analysis. The
working principle of this algorithm involves integrating LSTM and CNN
components in a complementary manner [24].

The CNN component plays a crucial role in extracting significant features
from the input data, whether it's images or sequential data. It comprises
convolutional layers, pooling layers, and activation functions. The
convolutional layers employ filters to analyze the input data, capturing local
patterns and distinctive features.[29] Meanwhile, the pooling layers
downsample the resulting feature maps, reducing the spatial dimensions while
preserving essential information. Additionally, activation functions introduce
non-linear transformations to the CNN, empowering the network to acquire
intricate representations and learn complex relationships within the data [37].
In Optimized LSTM + CNN, the CNN extracts relevant spatial features from
the input data, capturing patterns and local dependencies.

The LSTM processes the extracted features sequentially, capturing long-term
dependencies and temporal patterns. The CNN component typically serves as
a feature extractor, and the LSTM component acts as a sequential processor.
The outputs of the CNN component are fed into the LSTM component for
further analysis and prediction. The LSTM can effectively learn from the
spatial features extracted by the CNN, making predictions or classifications
based on the sequential context.

13
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LSTM with Skip Connection —

LSTM with skip connection refers to a variant of the Long Short-Term
Memory (LSTM) architecture that incorporates skip connections, also known
as residual connections. In LSTM with skip connection, skip connections are
added to the standard LSTM architecture. Skip connections allow direct
connections from one LSTM unit to another, bypassing intermediate layers.
These connections [39] enable the gradient to flow more easily during
training and help mitigate the vanishing gradient problem. The skip
connections can be implemented by adding the output of a previous LSTM
unit to the input of a subsequent LSTM unit [27].

Advantages of Skip Connections:

a. Skip connections facilitate the flow of information from earlier layers
to later layers, preserving valuable information and reducing the risk
of information loss.

b. They enable the model to access both low-level and high-level
features at different stages of processing [34].

c. Skip connections promote better gradient propagation, allowing for
more effective learning and training of deep LSTM networks.

d. They can help improve the overall performance and convergence
speed of the LSTM model.

By incorporating skip connections, LSTM with skip connection enhances the
ability of the network to capture and utilize information from various depths
within the architecture. This can result in improved model performance,
especially when dealing with complex tasks and long-term dependencies in
sequential data.

14
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Autoencoder —

An autoencoder is a type of unsupervised learning model in machine learning

that aims to learn efficient representations of input data by training a neural

network to reconstruct the input itself. It is primarily used for dimensionality

reduction, data compression, and feature extraction [26].

The working principle of an autoencoder can be described as follows:

a. Encoder :

The encoder component of an autoencoder takes the input data and
maps it to a lower-dimensional representation, also known as the
latent space or encoding. It typically consists of one or more fully
connected layers, where each layer applies a linear transformation
followed by a non-linear activation function. The encoder
progressively reduces the dimensionality of the input data, capturing
the most important features.

b. Decoder :
The decoder component reconstructs the input data from the encoded
representation. It mirrors the architecture of the encoder but in reverse
order, with each layer expanding the dimensionality of the encoded
representation. [30] The decoder's objective is to generate output that
closely resembles the original input.

c. Reconstruction Loss :
During training, an autoencoder aims to minimize the difference
between the input and the reconstructed output. The most common
loss function used for this purpose is the mean squared error (MSE)

15
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between the input and the output. By optimizing the reconstruction
loss, the autoencoder learns to capture the most salient features of the
input data in the encoded representation.

Bottleneck Layer :

The bottleneck layer refers to the layer(s) in the encoder-decoder
architecture with the lowest dimensionality. This layer acts as a
compressed representation of the input data and serves as a bottleneck
through which the data must pass.

Latent Space Representation:

The latent space, also known as the encoding or compressed
representation, is the low-dimensional space where the input data is
mapped by the encoder. This representation captures the most
important features of the input data in a compressed form. The latent
space can be used for tasks such as dimensionality reduction, anomaly
detection, or generating new data samples.

Output

Code (Latent Space)

\

Decoder

Fig :10 - Working Principle of Autoencoder
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4.3 Performance Evaluation

Four Parameters have been used for determining the performance/efficiency of the algorithm.
These four parameters Accuracy, Precision, Recall and F1 Score.

Accuracy is defined as the proportion of correct predictions out of the total number of
predictions made, and it can be calculated using the following formula.

TP+TN

Accu racy = TP+TN+FP+FN

Precision, in the context of identifying patients with diabetes, refers to the proportion of correctly
identified diabetic patients (positive instances) out of all patients with diabetes. It is calculated by
dividing the number of true positives (TP) by the sum of TP and false positives (FP).

TP
TP + FP
Recall is also known as sensitivity or true positive rate. The recall score is determined by
dividing the number of true positives (TP) by the sum of true positives and false negatives (FN).

In simpler terms, recall represents the proportion of actual positive instances accurately
identified by the model.

Precision =

TP
TP + FN
The F1-Score is a metric that combines precision and recall by calculating their weighted

average. By doing so, the F1-Score takes into account both false positives and false negatives,
providing a balanced evaluation of the model's performance.

Recall =

2 x Precision x Recall

F1 Score = Precision + Recall

Here TP means true positive, TN means true negative, FP is false positive, and FN is false negative.

17




CHAPTER S5 : RESULTS

After implementing different Machine Learning Algorithms on the datasets, we
obtained the following result.

0.8

o
o

True Positive rate
©
S

0.2

0.0

Basic ML Algorithms(Model)

We have first implemented the basic ML Algorithms on the PIMA dataset.
Following are the accuracy Table and the ROC curve in fig-

Algorithms Accuracy
KNN 73.2%
Logistic Regression 83%
Decision Tree 73.2%
Gaussian NB 80.3%
Random Forest 81%

Table -1 : Accuracy Table of the basic ML algorithms applied.

ROC curve for the algorithms

—— Random Forest
Gaussian Naive Bayes
Logistic Regression

—— K Nearest Neighbor
Decision Tree

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Fig -11 : ROC Curve of the basic ML algorithms
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It can be observed from the Accuracy Table and the ROC curve that Logistic
Regression (LR) gives the highest accuracy.

Confusion Matrix for the algorithm with highest accuracy i.e. Logistic Regression is

given below:
Diabetic Non — Diabetic
Diabetic 101 9
Non-Diabetic | 17 26

Table -2 : Confusion Matrix for Logistic Regression
2. Proposed Algorithms (Models)

We have explored various deep learning methods and have proposed 4 such models -
single LSTM, optimized CNN + LSTM ,LSTM with Skip connection and
Autoencoder model over the same two datasets PIMA Indian Diabetes dataset and

dataset collected from the victims in Sylhet Diabetes Hospital, Bangladesh.

The Performance metrics score table for both the datasets of our proposed
methodology is given below:

a) Dataset | — PIMA Dataset

Models Accuracy Precision Recall F1 Score
LSTM 79.95 % 69.57% 62.88% 66.23%
Optimized 78.57% 69.64% 70.91% 70.27%
LSTM + CNN
LSTM + skip 80.52 % 69.77% 63.83% 66.66%
connection
Autoencoder 75.62% 67.84% 69.09% 68.46%

Table-3 : Performance metrics of our proposed methodology on 1% Dataset
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ROC curve for proposed algorithms on Dataset-|
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_— LSTM
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0.6
Rate
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Fig - 12: ROC curve for proposed methodology on 1% Dataset

It can be observed that the Accuracy and Precision score is highest for LSTM with Skip connection
algorithm whereas Recall and F1 score is highest for Optimized LSTM + CNN algorithm on PIMA
Dataset. Below is the confusion matrix for the algorithm with the highest accuracy score:

Positive Negative
Positive 94 13
Negative 17 30

Table -4 : Confusion Matrix for LSTM with Skip connection model on Dataset-|

b) Dataset 11 - Dataset collected from the victims in Sylhet Diabetes Hospital,

Bangladesh.
Models Accuracy Precision Recall F1 Score
LSTM 89.16 % 87.42% 88.83% 88.12%
Optimized 91.19% 98.53% 94.36% 96.40%
LSTM + CNN
LSTM + skip 93.26 % 97.05% 92.95% 94.96%
connection
Autoencoder 87.50% 87.84% 89.09% 88.46%

Table- 5: Performance metrics of our proposed methodology on 2™ Dataset
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Fig -13 : ROC curve for proposed methodology on 2™ Dataset

It can be observed that the Accuracy score is highest for LSTM with Skip connection algorithm whereas
Precision, Recall and F1 score is highest for Optimized LSTM + CNN algorithm on the 2" Dataset.
Below is the confusion matrix for the algorithm with the highest accuracy score:

Positive Negative
Positive 31 2
Negative 5 66

Table -6 : Confusion Matrix for LSTM with Skip connection model on Dataset-I1
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CHAPTER 6: CONCLUSION

In this thesis, we have proposed four models for classification of diabetes dataset i.e.,
LSTM, Optimized LSTM +CNN, LSTM with Skip connection and Autoencoder
Model. The observed result shows that from both the datasets, the highest accuracy
score i.e. 80.52%(dataset-1) and 93.26%(dataset-11) is obtained for LSTM with Skip
connection algorithm and the highest Recall and F1 Score is obtained for Optimized
LSTM + CNN algorithm. Precision score is highest for Autoencoder model in
Dataset-1 (67.84%) and Optimized LSTM + CNN model in Dataset-11 (98.53%).The
highest accuracy obtained on dataset-11 has surpassed the accuracy obtained using
Convolution based LSTM model as in [10].Also our proposed methodology has
exceeded the accuracy 85.09% obtained in [18] by artificial neural network. In [19]
artificial backpropagation scaled conjugate gradient neural network (ABP-SCGNN)
algorithm has been used to predict diabetes at an early stage obtaining an accuracy of
93% which is less than the accuracy obtained by our proposed methodology i.e.
LSTM with Skip connection on dataset-I1. Implementation of LSTM with Skip
connection algorithm in diabetes dataset is being done for the first time and has not
been used earlier for diabetes prediction. This algorithm has proved to be quite
efficient compared to other algorithms in early prediction of diabetes. Adding skip
connection in LSTM algorithm has helped to improve the accuracy and the efficiency
of the model.

It would be more advantageous to delve into deeper networks that imitate the
combination of LSTM+CNN with skip connections in future research. This approach
has the potential to enhance the learning capacity and precision of the model.
Additionally, the model parameters can be optimized using techniques such as Grid
Search or similar methods.
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