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Abstract - The focus of the research study was analysis of
diabetes dataset and how it will perform if we try to do a
prediction of diabetes with different machine learning
algorithms. We used the original dataset from the National
Institute of Diabetes, and Digestive and Kidney Diseases. The
dataset can be used to predict whether or not a patient has
diabetes, based on certain diagnostics. For analysis we used
Amazon Web Services. We used AWS S3 service to store our
dataset, and Amazon Sagemaker to perform an analysis. For
the given dataset we applied three classification models:
Logistic Regression Model, K-nearest Neighbors and
Support Vector Machines. For each of the models we also
performed a performance measurement. We also compared
all the results we got and according to the results, Support
Vector Machines has the best performance. Insights and
recommendations are provided.

Keywords — Diabetes Dataset, Machine Learning
Algorithms, Amazon Sagemaker, Logistic Regression Model,
K-nearest Neighbors, Support Vector Machines.

1. INTRODUCTION

The exponential growth of data has created a new area
of interest in technology and business called “Big Data". To
be classified as Big Data, a data set or business problem
must have data that is so vast, fast or complex that it
becomes impossible to store, process, and analyze using
traditional data storage and analytics applications [1].
Volume is only one of the criteria because the need for real
time processing of the data (also called data in motion) or
the need for integrating structured and unstructured data
may qualify the problem as Big Data problem [2]. The three
characteristics of Big Data are: data itself, analytics and
analytics result. Big Data technologies as a new generation
of technologies and architectures, designed to economically
extract value from very large volumes of a wide variety of
data by enabling high-velocity capture, discovery, and/or
analysis. Referring to the book by Kalyvas and Overly, the
“Big Data” refers to datasets whose size is beyond the
ability of typical database software tool to capture, store,
manage, and analyze. This definition is intentionally
subjective and incorporates a moving definition of how big
dataset needs to be in order to be considered Big Data, don’t
define Big Data in terms of being larger than a certain
number of terabytes [3]. Looking at the trends of
technological growth and data growth, he thought that
terminology would change in terms of the number of sizes
that determine what Big Data is. Big Data is all about
analytics on a broader spectrum of data, and therefore
represents an opportunity to create even more
differentiation among industry peers. Real value can only
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emerge from a consumable analytics platform that saves
you from having to build applications from scratch [4]. In
Big Data, we can use the modeling process of large
datasets, which uses statistical and artificial intelligence
methods. Data mining makes the information structure
readable for use in the future. This is done through the
process of analyzing the content of the model, and
relationships between variables, validating the findings and
applying patterns. The use of classification is to extract the
model and to describe the classes. For better understanding,
the data at large is used for analysis help. Classification
predicts categorical, labels, models continuous valued
functions. Classification organize and categorize data in
distinct classes.

The focus of this paper is to apply different
classification algorithms. For the given dataset we applied
three classification models: Logistic Regression Model, K-
nearest Neighbors and Support Vector Machines.

Using Big Data should allow us to understand the cause
of the disease and to help develop the latest therapies.
Personalized medicine has great potential to make
treatments more effective by reducing side effects, but it
requires access for researchers to Big Data in order for it to
progress.

According to the World Health Organization (WHO),
diabetes is a chronic disease that occurs either when the
pancreas does not produce enough insulin or when the body
cannot effectively use the insulin it produces. [5]. There are
three main types of diabetes mellitus. Type 1 and type 2
diabetes both occur when the body cannot properly store
and use glucose, which is primary energy source [6]. Sugar,
or glucose, collects in the blood and does not reach the cells
that need it, which can lead to serious complications. Type
1 diabetes usually begins in childhood or early adulthood;
but its onset can occur in adults. In type 1 diabetes, a person
with a genetic predisposition who is exposed to a
precipitating event, such as a viral infection, experiences
autoimmune destruction of the beta cells. Type 2 diabetes
is more likely to appear as people age, but many children
are now starting to develop it. In this type, the pancreas
produces insulin, but the body cannot use it effectively.
There has been a substantial increase in the number of cases
of type 2 diabetes diagnosed in young children. [7].
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II.  RELATED WORK

Analysis of dataset is widely applied and used in
various fields, such as weather forecasting, GPS, target
marketing, engineering, and medical diagnosis. By
analyzing a given dataset, we can extract knowledge from
it. In this section, we will present some related work which
used medical datasets.

An analysis of diabetes dataset was conducted by
Alahmar, Mohammed and Benlamri [8]. The dataset they
used includes total 9 features which have numerical and
nominal attributes. They targeted to make a classifier
system by using several ML techniques. In that analysis,
they found 79.13% accuracy using Support Vector
Machine (SVM).

Similarly, Mir and Dhage applied ML techniques to
classify diabetes dataset [9]. They applied a few machine
learning (ML) algorithms, in particular: Naive Bayes,
SVM, Random Forest (RF) and Simple CART. Among
these algorithms, they found 76.5% accuracy using RF in
terms of classification of diabetes dataset.

Verma and Mishra conducted a study to identify
diabetes cases by using several ML algorithms: Naive
Bayes, J48, Sequential Minimal Optimization (SMO),
MLP and Reduced Error Pruning Tree (REP-tree)
algorithms [10]. In their study, they found the best accuracy
of 76.80% using SMO algorithm.

III.  CLASSIFICATION

Classification is a technique for identifying and
grouping data in such a way that based on a value of the
target attribute, the entire dataset can be qualified to belong
to a class. This is one of the techniques used in data mining
to identify the data behavior patterns [11].

Classification is two-step process: 1) Learning or
training step where data is analyzed by a classification
algorithm. 1II) Testing step where data is used for
classification and to estimate the accuracy of the
classification [12].

A. Model 1: Logistic Regression Model

Logistic Regression is the most common method used
for binary classification problems (problems with a 1 or 0
outcome) [13].

The function used in Logistic regression is the logistic
function. The logistic function is an S-shaped curve that can
take any number and map it into a value between 0 and 1.
The equation of the Logistic Function is as follows:

1
(1 + e—value)

Where e is the base of the natural logarithms (Euler’s
number or the exp() function) and value is the actual
numerical value that you want to transform. In Figure 1 we
can see a plot of numbers on the x-axis transformed into the
range 0 and 1 on the y-axis using the logistic function.
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Figure 1. Logistic Function

How is the logistic function used in logistic regression?
Input values are combined linearly using coefficient values
to predict an output value. How this differs from linear
regression is that it is used to model a binary value (0 or 1)
instead of a numeric value.

Below is the logistic regression equation:
1
(1 + e~ (bo+b1(2)))

probability =

by is an intercept term and bl is a coefficient for the
input value (x). Each variable in our input data has a b
coefficient that is calculated using the training dataset.

As an example, if we are modelling the probability of a
patient having diabetes from a single factor (say blood-
glucose level). A logistic regression model could be written
as the probability of having diabetes given a person’s height
blood-glucose level (x).

The above equation can be re-written as follows:

probability
In (

1- probability) = bo + byx

The calculation on the right is a linear equation (like
linear regression), and the input on the left is a log of a ratio
including the probability.

probability

This ratio is referred to as “the odds” of the

1—probability
default class. We could write the above equation as

follows:

In(odds) = by + byx
referred to as log odds

usually

Because we are interested in using the logistic function
for a classification problem (deciding if something is 1 or
0), we don’t use the probabilities directly. We can convert
the probabilities to a binary class value, for example:

e Ifprobability < 0.5 assign: 0
e If probability >= 0.5 assign: 1
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B. Model 2: K-nearest Neighbors Algorithm

In order to understand the algorithm, it is useful to take
a graphical example. Say we have a distribution of 1's and
0's on a plane as shown below. Now say we have a red
square on the same plane and don't know whether it belongs
to class 1 or 0.

Figure 2. K nearest neighbours

In the K nearest Neighbors algorithm (Figure 2) the “K”
is the amount of near-by points we want to check [14]. Let’s
take an example of K=3, we would make a circle with the
red square at the center and increase the size of the circle
until it surrounds 3 data points (Figure 3).

o 0
0

Figure 3. K nearest neighbours (3 points enclosed of class 1)

As we can see, all 3 points which have been enclosed
are of class 1. Intuitively we can deduce that our unknown
point (the red square) is of class 1.

C. Model 3: Support Vector Machine Algorithm

A Support Vector Machine is another algorithm that can
be used in classification problems.

SVMs use the concept of finding a dividing boundary
that splits the dataset into two seperate classes. This
dividing boundary is referred to as a hyperplane. This is
shown graphically in Figure 4.

y 1 hyperplane

1

11 /0 0

0

1
1 jo
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\ !
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support vectors

Figure 4. Support Vector Machine
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e  Support Vectors - The points of a data set that are
closest to the dividing boundary as usually referred
to as the "support vectors". These "support vectors"
are considered to be the critical elements of a data
set. If any of these points were removed, the
position of the hyperplane would change
significantly.

e What is a hyperplane? - Once the hyperplane has
been set, if we introduce new testing data, the
further the data point is from the hyperplane, the
more confident we are that the point belongs to the
class represented by that side of the hyperplane.

e How do we find the right hyperplane? - The margin
is defined as: The distance between the hyperplane
and the nearest data point. To achieve the best
chance of new data being classified correctly,
choosing a hyperplane with the greatest possible
margin between the hyperplane and any point in
the training set (Figure 5).

hyperplane

1,

]

margins
Figure 5. Support Vector Machine (hyperplane, margins)

IV. METHODOLOGY

Our research dataset is divided into two parts, two-
thirds of the data is used as a training set, and one-third of
the dataset is defined as a testing set to evaluate the
performance of several classifiers. All classifiers were
fitted to the same training and testing data. The specific
process is shown in Figure 6.

Hkatasri

¥\

Testing dats Training datls
Y $
Accruing snd Fsilding pred-

aarleslinng muntel e musdels

Final masdel

Figure 6. Methodology (flowchart)
A. Dataset

In order to analyze the factors contributing to the
presence of diabetes, we sourced a dataset (Figure 7). This
original dataset is from the National Institute of Diabetes
and Digestive and Kidney Diseases. The dataset can be
used to predict whether or not a patient has diabetes, based
on certain diagnostics e.g. glucose, insulin levels in the
dataset (Table I).
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A B [ D E F G H I
Pregnancies Glucose BloodPressure SkinThickness Insulin BMI DiabetesPedigreeFunction  Age Outcome
148 72 35 0 336 0.627 50 1
85 66 29 0 26.6 0.351 3
183 64 0 0 233 0.672 32
29 66 23 94 8.1 0.167 2
137 40 35 168 431 2.288 33
0 0 256 0.201 30
78 50 32 88 31 0.248 26
115 [ 0 0 353 0.134 29
197 70 a5 543 305 0.158 53
125 % 0 0 0 0.232 54
110 92 0 0 376 0.191 30
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Figure 7. The dataset (contains 768 lines)

The dataset consists of 8 medical independent variables
(pregnancies, glucose, blood pressure, skin thickness,
insulin, body mass index — BMI, diabetes pedigree
function and age) and one target dependent variable
(outcome). “Outcome” is a binary target variable that has
a value of 1 for diabetes and 0 for no diabetes. 268 of the
768 are 1, the others are 0. All records for patients in the
dataset are females greater than 21 years old of Pima
Indian heritage [15].

TABLEI.  INDEPENDENT VARIABLES

Number of times
pregnant

Glucose concentration a 2
hours in an oral glucose
tolerance test

1. | Pregnancies

2. | Glucose

An excellent model has an AUC near to the 1. When
the AUC is 0.5, it means that the model has no ability to

separate 1’s and 0’s.

TABLE IIL

CONFUSION MATRIX (SIMPLER TERM)

Model predicts a 0:
actually a 0 in the dataset

Model predicts a 0:
actually a 1 in the dataset

Model predicts a 1:
actually a 0 in the dataset

Model predicts a 1:
actually a 1 in the dataset

Numerically, the area under the curve value equal to
0.9 represents a 90% probability that the model can
distinguish between 1 and 0. The further the ROC curve is
from the center straight line, the better in terms of
accuracy. The area under this curve is a numerical measure
of the test accuracy.

A. Model 1: Logistic Regression Model

The results of diabetes dataset for Logistic Regression
Model classifier using AWS are shown in Table IV.

TABLE IV. MODEL 1 RESULTS

True Negative: 445 False Negative: 55

Diastolic blood pressure
(mm Hg)

Triceps skin fold
thickness (mm)

2-Hour serum insulin (mu

3. | BloodPressure

4. | SkinThickness

5. | Insulin

U/ml)
Body mass index (weight

6. | BMI in kg/(height in m)*2)

7. | DiabetesPedigreeFunction Dlabétes pedigree
function

8. | Age Age (years)

B. Tools used

We used the S3 service from AWS that allow creating
a bucket to store the dataset. In order to analyze the dataset
we used Amazon SageMaker Machine Learning service.
The tools used are Jupyter notebooks using Python code.

V. RESULTS OF CLASSIFICATION
ALGORITHMS USING AWS

In order to see if our model gives good results at
identifying 1°s and 0’s we check the confusion matrix
(Table II and Table III).

TABLE II. CONFUSION MATRIX

True Negative False Negative

False Positive True Positive

The Receiver Operator Characteristic (ROC) curve is a
graphical output which is used to analyse the accuracy of
how good the model is at separating 1’s and 0’s. The
higher the Area Under the Curve (AUC) value, the better
the model is at predicting classification problems
(predicting a 1 or 0 outcome). The area under the curve
represents how 0s as Os and 1s as 1s.
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False Positive: 112 True Positive: 156

A more visual way to measure the performance of a
binary classifier is the ROC curve (Figure 8). It is created
by plotting the true positive rate (TPR) (or recall) against
the false positive rate (FPR).
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Figure 8. Model 1 - ROC Curve

As we can see the curve is close to the left-hand border
and the top border. This indicates that it is quite good at
predicting 1°s as 1’s and 0’s as 0’s.

We get the value for AUC of 0.83 which is good.

B. Model 2: K-nearest Neighbours Algorithm

The results of diabetes dataset for K-nearest Neighbors
Model classifier using AWS are shown in Table V.

TABLE V. MODEL 2 RESULTS

True Negative: 442 False Negative: 58

False Positive: 93 True Positive: 175
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Figure 9 shows the ROC curve for the K-nearest
Neighbors Model.
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Figure 9. Model 2 - ROC Curve

At a first glance, it does not seem as accurate as the
Logistic Regression model. We look at the AUC to check
this numerically.

We get a value of 0.768 compared to our result for
Logistic regression which yielded a value of 0.839 so this
algorithm doesn’t perform as well.

C. Model 3: Support Vector Machine Algorithm

The results of diabetes dataset for Support Vector
Machine Model classifier using AWS are shown in Table
VL

TABLE VI. MODEL 3 RESULTS

True Negative: 500 False Negative: 0

False Positive: 0 True Positive: 268

The ROC curve for the model is shown in Figure 10. As
for previous models, we will analyze the ROC curve and
look at the AUC measurement.

We can see that the curve follows the left hand border
and the top very closely which indicates excellent accuracy.
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Figure 10. Model 3 — ROC Curve

We get a value of 1.0 which indicates perfect prediction.

VI. DISCUSSION

The results of applying different classification
algorithms on diabetes dataset are shown in Table VII,
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which consists of correctly classified and incorrectly
classified instances.

From this study we can see the performance of the three
predictive models. For the testing dataset, the final
comparative analysis results demonstrated that the Support
Vector Machine algorithm proved the best, with an
accuracy of 100%, and the results of the Confusion Matrix
were True Negative: 500, False Negative: 0, False Positive:
0, and True Positive: 268. The Logistic Regression Model
algorithm came out to be the second best with a
classification accuracy of 83%, and the results of the
Confusion Matrix were True Negative: 445, False
Negative: 55, False Positive: 112, and True Positive: 156.
Finally, the K-nearest Neighbors algorithm came last with
an accuracy of 76.8%, and the results of the Confusion
Matrix were True Negative: 442, False Negative: 58, False
Positive: 93, and True Positive: 175.

In the results, the area under the receiver operating
Characteristic (ROC) curve, Area Under The Curve (AUC)
value of the SVM, Logistic Regression Model, and K-
nearest Neighbors Algorithm were 1.000, 0.830, 0.768,
respectively. The area under ROC curve for SVM method
is 100%, showing a high reliability of classification
capability among all the methods. Overall, the
methodology presented in this paper has shown the good
classification performance of health management control
satisfaction of patients with diabetes.

VII. CONCLUSION

In this paper, we have classified the data of the diabetes
dataset from the National Institute of Diabetes. We applied
three classification techniques: Logistic Regression Model,
K-nearest Neighbors Algorithm and Support Vector
Machine. According to the results, Support Vector
Machine is the best algorithm for classification. The dataset
that we used in this study is small. In the following research
work, we plan to apply algorithms to classify a larger
dataset using three different platforms: Amazon Web
Services, Microsoft Azure and Google Cloud. In this way
we can get statistics, determine the time spent on analysis
and compare algorithms.

TABLE VIIL RESULTS OF DIFFERENT CLASSIFICATION
ALGORITHMS
. Value of . .
Algorithms AUC Confusion Matrix
Logistic True False
Regression 0830 Negative: 445 Negatlvgz '5 5.
Model False True Positive:
Positive: 112 156
K-nearest True False
Neighbours 0.768 Negative: 442 Negatlvg: .5 8.
Alsorith False True Positive:
gorithm Positive: 93 175
Support True False
Vector 1.00 Negative: 500 Negative: 0
Machine ' False True Positive:
Algorithm Positive: 0 268
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