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Abstract. In this paper development of Artificial Neural
Network for classification of prediabetes and type 2 diabe-
tes (T2D) is presented. For development of this system 310
samples consisting of information about Fasting Plasma
Glucose (FPG) and blood test called HbAlc were used. All
samples were obtained from several healthcare institutions
in Bosnia and Herzegovina, and diagnosis of prediabetes,
T2D and healthy patients in this dataset were established by
medical professionals. Two-layer feedforward backpro-
pagation network with 15 neurons in hidden layer and sig-
moid transfer function, used for classification of prediabetes
and T2D in this paper, was trained with 190 samples.
Testing of developed neural network was performed with
120 samples for validation also obtained from healthcare
institutions in Bosnia and Herzegovina. Out of 120 samples,
developed network was accurate in 94.1% cases for the
classification of prediabetes and in 93.3% cases for classifi-
cation of T2D.
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1 Introduction

The rapid global rise in the prevalence of type 2 diabetes
(T2D) constitutes a health threat to the individual and is a
major burden for health economy. Patients with diabetes can
suffer from diverse complications that seriously erode quality
of life [1]. Rates of T2D have increased markedly since 1960
in parallel with obesity [2]. As of 2013 there were approxi-
mately 368 million people diagnosed with the disease com-
pared to around 30 million in 1985 [3]. Diabetes is a chronic
and progressive metabolic disorder and according to Interna-
tional Diabetes Federation (IDF) in 2015 there were 415
milion patients diagnosed with diabetes, and it is expected
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that the rate will increase to 642 milions by 2040 [4]. Pre-
diabetes is the precursor stage before diabetes mellitus in
which not all of the symptoms required to diagnose diabetes
are present, but blood sugar is abnormally high. This stage is
often referred to as the “grey area” [5].

According to National Institute of Diabetes and Digestive
and Kidney Diseases T2D, is a long term metabolic disorder
that is characterized by high blood sugar, insulin resistance,
and relative lack ofinsulin. Common symptoms in-
clude increased thirst, frequent urination, and unex-
plained weight loss. Long-term complications from high
blood sugar include heart disease, strokes, diabetic retinopa-
thy which can result in blindness, kidney failure, and poor
blood flow in the limbs which may lead to amputations [6].

T2D primarily occurs as a result of obesity and not
enough exercise. Some patients are more genetically at risk
than others. According to National Institute of Diabetes and
Digestive and Kidney Diseases it makes up about 90% of
cases of diabetes, with the other 10% due primarily
to diabetes mellitus type land gestational diabetes
[6]. Diagnosis of diabetes is by blood tests such as fasting
plasma glucose, oral glucose tolerance test, or HbA1C.
Typically it begins in middle or older age, although rates of
T2D are increasing in young people. T2D is associated with
a ten-year-shorter life expectancy [7].

Diabetes disease diagnosis via proper interpretation of
the diabetes data is an important classification problem.
Hasan Tamurtas et al [8] in their study presented compara-
tive pima-diabetes disease diagnosis. For that purpose, a
multilayer neural network structure which was trained by
Levenberg—Marquardt (LM) algorithm and a probabilistic
neural network structure is used [8].

Furthermore, Siti Farhanah, Bt Jaffar and Dannawaty
Mohd [9] proposed a method for diagnosing diabetes. The
diagnosis is accomplished using back propagation neural
network algorithm. The inputs to the system are plasma
glucose concentration, blood pressure, triceps skin fold,
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serum insulin, Body Mass Index (BMI), diabetes pedigree
function, number of times a person was pregnant and age.
The biggest challenge to this method was the missing values
in the data set [9]. This system was later modified and pre-
sented by T.Jayalakshmi and Dr.A.Santhakumaran [10].
They have proposed an idea to overcome the missing values
that was not addressed and this included constructing the
data sets with reconstructed missing values, thereby increas-
ing the classification accuracy [10]. It has been proven that
the benefits of introducing machine learning into medical
analysis are to increase diagnostic accuracy, to reduce costs
and to reduce human resources. Artificial Neural Networks
(ANN) is currently the next promising area of interest. Al-
ready it is successfully applied to various areas of medicine
such as diagnostic systems, bio chemical analysis, and im-
age analysis and drug development [10].

Due to extent amount of possibilites of machine learning
algorithms, a novel method for classification of prediabetes
and T2D using artificial neural network is presented in this
paper using parameters obtained from 310 patients in Bos-
nia and Herzegovina.

2 Methods

2.1 Dataset for development of Artificial Neural
Network for classification of prediabetes and
diabetes type 2

When performing diagnosis of prediabetes and T2D, doc-
tors use glucose test, a type of blood test, to determine the
amount of glucose in the blood. There are different kinds of
glucose tests such as fasting plasma glucose, oral glucose
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tolerance test, or HbA1C [4].

For development of Artificial Neural Network for diag-
nosis of prediabetes and T2D, database was formed using
two parameters: fasting plasma glucose (FPG) and HbA1C
blood tests. Blood tests were performed by medical profes-
sionals following standard protocols.

As it can be seen from Table I, according to the results of
FPG test, patient is classified as healthy if the FPG is below
6,1 mmol/l. If the FPG is above 6,1 but below 7,0 mmol/l the
patients is classified with prediabetes. However, if the results
are above 7,0 mmol/l the patients is diagnosed with T2D.

Other important parameter is HbAlc. Additionally it
gives an integrated index of glycaemia over the entire 120-
day lifespan of the red blood cell. According to the Interna-
tional Diabetes Federation (IDF) all patients that have
HbAlc above 6,5% are classified as diabetic. For
prediabetes criteria is between 5,7% and 6,4% , while pa-
tients classified as healthy have HbAlc below 5,7%, as it
can be seen from Table I [4].

Database consisted of 310 samples of patient’s FPG and
HbAlc obtained from several healthcare institutions in
Bosnia and Herzegovina, out of which 102 were for healthy
patients, 81for prediabetes and 127 were for T2D, as it can
be seen in Table II.

Data set was divided on training data used for ANN de-
velopment and validation data for testing of performance of
designed ANN. Data division was performed using trial and
error method during the process of network training.

2.2  Artificial Neural Network for classification of
prediabetes and diabetes type 2

Artificial Neural Network was developed in order to per-

Table 1. Parameters for the classification of prediabetes and diabetes type 2

Criteria T2DM Prediabetes
FPG > 7,0 mmol/l > 6,1 mmol/l
HbAlc >6,5% 5,7% - 6,4%

Table 2. Database used for development of Artificial Neural Network

Prediabetes T2D

Total Healthy
number of
samples
310 102

81 127
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Fig. 1. Block diagram of ANN for classification of prediabetes and T2D
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Fig. 2. Graphical display of output accuracy of networks with 5, 10, 15 and 20 neurons in hidden layer

form classification of prediabetes and T2D into three output
classes: healthy patients, patients with prediabetes and pa-
tients with T2D.

The standard network that is used for pattern recognition
is a two-layer feedforward network, with a sigmoid transfer
function in the hidden layer, and a sigmoid transfer function
in the output layer. The linear feed forward (FF) neural
network is designed since according to the application
experts, that kind of ANN is sufficient to properly perform
the classification of input data [11].

The input layer is made of network inputs. Input layer is
followed by a hidden layer which consists of parallely
connected neurons. The network was tested on training
performance with 5, 10, 15 and 20 neurons. Each neuron
performs a weighted summation of the inputs, which is then
passed to some non-linear activation function. Since, this
classification is basically highly non-linear data
classification, we choose sigmoid function for hidden
layer.[12].

During the design of the network, different number of
neurons was used in order to measure the performance.
ANN was tested with 5, 10, 15 and 20 neurons. According
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to the Mean Square Error (MSE), appropriate number of
neurons was choosen.

3 Results

According to previous research and expert recommenda-
tion discussed in previous section of this paper, for classifi-
cation of prediabetes and diabetes type 2 in this paper,
two-layer feedforward artificial neural network, with sig-
moid function was developed. In order to determine the
number of neurons in hidden layer which will yield mini-
mum performance error, during development network was
trained with 5, 10, 15 and 20 neurons in hidden layer.

3.1 Training performance of developed ANN

Performance of training is dependent on the number of
neurons in hidden layer which influences network complex-
ity. There are many methods for choosing appropriate num-
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Table 2. Artificial Neural Network performance in classification to class ,,Prediabetes*
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n=120 Classified as Classified as NO
Prediabetes Prediabetes
ACTUAL TP=27 FN=3 30
Prediabetes
ACTUAL NO FP=4 TN=86 90
Prediabetes
31 89

Table 3. Artificial Neural Network performance in classification to class ,,Diabetes type 2

n=120 Classified as Classified as
T2D NO T2D
ACTUAL T2D TP=48 FN=2 50
ACTUAL NO FP=6 TN=64 70
T2D
54 66

ber of neurons in hidden layer, but there is not strictly de-
fined one. In this study trial and error method was used.

As it can be seen from Fig. 2, the ANN was trained with 5, 10,
15 and 20 neurons and the best performance during training of
ANN was obtained using 15 neurons in the hidden layer.

3.2 Testing performance of developed ANN

For testing of developed ANN, data set containing 120
samples from patients from Clinical Center University of
Sarajevo was used. Out of 120 samples 40 samples are from
healthy patients, 30 samples are from patients diagnosed
with prediabetes and 50 samples are from patients with
T2D. Tables below represent validation results where Table
2 shows ANN performance for classification of prediabetic
patients and Table 3 shows ANN performance for classifi-
cation of patients with T2D.

According to these results, specificity, sensitivity and ac-
curacy of the network are calculated according to equations

(1, (2) B):

true positive (1)

sensitivity =
Y (true positive+false negative)

specificity — true negative (2)

(true negative+false positive)

accuracy = (true negative+true positive) (3)
Y (true negative+true positive+false negative+false positive)

These results indicate that there is 90% of chance that by
using this artificial neural network patient with prediabetes
will be diagnosed with this condition (Table 4). When this
network is used for the patients with T2D there is 96%
chance that patients will be correctly diagnosed with the
disease (Table 5). Percentage of specificity indicates that

Table 4. Specificity, sensitivity and accuracy of the ANN

Sensitivity Specificity Accuracy
Prediabetes 90,0 % 95,5 % 94,1 %
T2D 96,0% 91,4% 93,3%
System Mean Per-
formance 93% 93,5% 93,7%
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when healthy patients are tested with this network, there is
95,5% of chance that they will be classified as negative to
prediabetes, and 91,4% of chance that they will be classified
as negative to T2D. Overall accuracy of the network is dif-
ferent for prediabetes and T2D classification. When used
for classifying prediabetes network is 94,1% accurate, while
for classifying diabetes type 2 network is 93,3% accurate.

Difference in the results between prediabetes and T2D
classification is due to uneven number of samples in the
data set. For more precise result larger data set with equal
number of samples in all three classes will be needed.

In the future work, the intention of authors is to develop
Graphical User Interface for this artificial neural network,
and make it applicable for end users, patients and doctors.

4 Conclusion

In this paper an Artificial Neural Network for classifica-
tion of prediabetes and T2D is presented. Prediabetes is pre-
cursor stage of T2D, but not obligatory. It is defined as an
elevation of plasma glucose above the normal range but be-
low that of clinical diabetes. On the other hand, diabetes is a
long term metabolic disorder that is characterized by high
blood sugar, insulin resistance, and relative lack of insulin.
T2D primarily occurs as a result of obesity and not enough
exercise. Itis a major health problem in both industrial and
developing countries, and its incidence is rising. Although
detection of diabetes is improving, about half of the patients
with T2D are undiagnosed. Because of this it is of crucial
importance to improve diagnostic methods for diabetes. Arti-
ficial neural networks as a powerful tool in many fields have
proved to be very useful in medical diagnostic.

In this paper ANN is trained with 190 samples from sev-
eral healthcare institutions in Bosnia and Herzegovina.
Samples are classified based on FPG and HbA lc, into three
classes: healthy patients, prediabetes and T2D patients. FPG
and HbAlc are important parameters serving as criteria for
diagnosis of these diseases according to the International
Diabetes Federation (IDF).

In the case of prediabetes classification sensitivity is cal-
culated to be 90%, specificity 95,5% and accuracy 94,1%.
For the classification of T2D networks sensitivity is 96%,
specificity 91,4% and accuracy 93,3%. Even though these
results are satisfying, they can be improved by training net-
work with larger data set that has equal number of samples
in all three classes.

ANN as a tool in diagnostic of prediabetes and T2D can
be further improved to expand its application. It can be used
as a background in developing a device that could help doc-
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tors in more rapid diagnostics, monitoring of patients condi-
tion and possibly giving adequate therapy.
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