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ABSTRACT 

Background / Objectives:  Diabetes is found to be a chronic disease that occurs when there is improper production 

or function of insulin in our body. This is a very critical medical condition, improper management of which will 

often lead to severe health complications like cardiac disease, stroke, nervous disorder, kidney disease. Such kind of 

disease must have to be properly treated and diagnosed. During such process, a lot of data will be collected for the 

treatment of the disease and diagnosis. When the data collection is so huge, it becomes difficult to diagnose them 

accurately.  

Method: In this work, Artificial Neural Network based model is developed. A multilayer perceptron is created and 

it is trained using back-propagation algorithm that will classify the patients tested positive as 1 and patients tested 

negative as 0.  

Findings: This trained neural network gave a total mean square error of o.1213 on test. This unique model which 

used a multilayer feed-forward neural network trained with back-propagation algorithm obtained a high recognition 

rate of 80%. 

Applications/Improvement: The evaluation based on ROC curve proves that the Artificial Neural Network (ANN) 

provides better performance. The same model can be used in different healthcare applications.  
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1. INTRODUCTION  

Diabetes is a characterized as a highly chronic disease that is characterized by increased level of sugar in 

blood. It commonly occurs when the pancreas in human body don’t produce enough insulin, or the body can’t utilize 

the insulin produced by the pancreas. This may lead to an increased level of glucose in the blood characterized as 

hyperglycemia. Type 1 diabetes is a lack of insulin production whereas Type 2 diabetes is caused by the body’s 

incapability to use the insulin. It often results from excess body weight and physical inactivity. Gestational diabetes is 

hyperglycemia that is for the first time diagnosed during pregnancy which can be mitigated but may revert at aging. 

Diabetes is quickly gaining on as a potential epidemic though it is non – communicable in India with at least 62 million 

diabetic people. In 2000, India with about 30 million people was first in the chart followed by China with about 20 

million and the United States with 17 million people was the third. With such a fast growth of diabetes patients in our 

country, it is time to quickly diagnose the people with diabetes at a very early stage so as to avoid the severe health 

complications of the disease. 

Many techniques have been employed in Data mining and Artificial Neural Networks (ANN) by applying 

the optimal method for a particular situation. Analyzing and modeling of data falls under two main categories: 

Supervised learning model and unsupervised learning model. A supervised learning model contains independent 

input variables and a dependent variable which is determined from the various inputs. Decision tree, Regression 

analysis and ANN are some of the most commonly used supervised learning models. In unsupervised learning model, 

the aim is to group the data or find patterns from the available data and not to predict the value of any variable. 

Cluster analysis, Correlation, Principle component analysis and some of the unsupervised learning techniques. In our 

work, we have used ANN for quick diagnosis and treatment of diabetes mellitus from the medical record of data 

collected from people who are suffering from diabetes. 

Adeyemo and Akinwonmi (2011), proposed a model that used Generalized Regression and Probabilistic 

Neural Network architecture. Here both classification network and predictive network were used in order to obtain 

high rate of accuracy. The neural network was constructed using nineteen input neurons, a hidden layer with 4 

neurons. By using tanh transfer function, this model produced a prediction accuracy rate of 73.35%. Ebenezer 

Obaloluwa Olaniyi and Khashman Adnan (2014), constructed a model using multilayer perceptron with a feed-

forward neural networks and the network is trained using Back propagation algorithm. A deep comparison of various 

algorithms used for diabetes prediction like ADAP, C4.5, nearest neighbor with back sequential section of feature, 

EM algorithms were made. The network used one hidden layer with 6 hidden neurons in it. The diagnosed results 

accounted for 82%. Manaswini Pradhan and Ranjit Kumar Sahu (2011), implemented artificial neural networks using 

Genetic Algorithm for Feature selection. This model also uses Back propagation algorithm for arriving at high 

classification accuracies. But due to the probability and its influences, Genetic algorithm does not support an optimal 

solution. This method applied 10-fold cross validation for training and testing the data. By using Genetic algorithm, 

with a cascaded five neuron the hidden layer, an accuracy of 72.2% was obtained with Mean Square Error of 1.683. 

Shanthi & Kumar (2012), used feed forward neural network with back propagation algorithm for predicting diabetes. 
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The prediction based on time series analysis with different time intervals. This model reveals that, as the length of 

the prediction horizon increases, the error increases. The neural network used 6 input neurons, 6 hidden layer neurons 

and 1 output neuron and used time series analysis for obtaining the prediction result. Muhammad Akmal Sapon 

(2011), proposed an architecture using multilayer feed forward neural network with back propagation algorithm. 

Regression analysis is performed to investigate any tacit relation between the original and the observed results. On 

comparison with other algorithms, the research work found that the prediction accuracy of Bayesian regulation is 

high with 88.8% accuracy rate. Jack W. Smith et al worked on a model that used ADAP algorithm which is an 

adaptive learning function using perceptrons. It used the values of sensitivity and specificity for forecasting the 

disease possibility and obtained an accuracy rate equal to 96%. Shanthi (2013), proposed a model to predict thrombo-

embolic stroke by artificial neural networks with back propagation algorithm with back propagation meant for 

prediction and feature selection. This neural network uses 20 input neurons, 10 hidden neurons and 10 output 

neurons. Number of hidden nodes was selected using trial and error method. Sigmoid function is used as the 

activation function and obtained an overall prediction accuracy of 89%. Divya (2013), compared the various forms 

of the sigmoid functions such as binary sigmoidal, bipolar sigmoidal and hyperbolic tangential sigmoidal functions 

and identified that Binary sigmoidal function produced high rate of accuracy. On testing the neural network with 

about 50 samples, a specificity of 82.14% and sensitivity of 88.8% with a root mean square error of 0.019%. It is 

said in this research work that the more the number of hidden neurons, the more accurate is the result. Jayalakshmi 

and Santhakumaran (2010), have proposed an idea to overcome the missing values which included the construction 

of data sets with reconstructed missing values, thereby increasing the classification accuracy. They also proposed an 

different technique for pre-processing the data that increased the rate of training, and found to improve the results in 

terms of learning time.  By adopting these modifications, the results improved and achieved a classification accuracy 

of 99%. The above survey highlights that Artificial Neural Network (ANN) technique always with abundant data 

has proved to be better than existing techniques. The proposed system aims at predicting diabetes at very early stage 

based on the symptoms which could be seen at the very early stage of the disease, thus helping the patients avoid 

critical health conditions. This system will also be useful for the physicians in detecting diabetes easily and also with 

a high rate of accuracy.  

2. MATERIAL AND METHODOLOGY 

Artificial Neural Networks: An artificial neural network operates by creating connections between many different 

processing elements, called the Neurons. Each neuron like the human brain takes the inputs, and a internal weight is 

assigned at the hidden layer and based on the weights on the beliefs the decision is made at the output node and it 

could be fed forward or backward for training or improvisation of the results. Usually one or more hidden layers are 

sandwiched in between the two.  

 
Figure.1. Artificial Neural Network 

Multilayer Perceptron with Back Propagation: Multilayer perceptron with back propagation network has two 

stages: Training and the Testing stage. The following figure explains the structure of a Back propagation neural 

network that includes and an input layer, one hidden layer and an output layer.  

 
Figure.2. Multilayer Perceptron with Back Propagation 

The operation of a feed forward neural network can be Feed forward and back propagation.  In the feed 

forward step, the input applied and its influence propagates through layers, until output is predicted. The actual output 

is compared with the expected output, and the error is calculated there from. The weighted sum of inputs is calculated 

as given by the equation, 

Nq = Ʃ Wpq Xq + θq  (1) 
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The above equation calculates the aggregate input of the neuron. θq is the weighted input value from bias 

node and the output value of it is always 1.  

The equation for a sigmoid function that activates the back propagation algorithm is represented as  

Mq  =  Xr  =  1/(1+e-N
q)  (2) 

The equations (1) and (2) are used to determine the output value for node k in the output layer. 

Considering that the actual value of the output neuron q is Oq and the expected output of the neuron q is dq. The 

difference between the actual and the expected output is denoted as, 

Δq = dq-Oq   (3) 

The error of the network is calculated in the output layer as  

δq = ΔqOq(1-Oq)   (4) 

δq = (dq-Oq)Oq(1-Oq)  (5) 

Here Oq(1-Oq) is the derivative of the sigmoid function. Minimum value of error function is acquired using 

delta rule. The change in weights that connect the input neurons q and the output neuron r using delta is proportional 

to the error at the neuron r multiplied with the activation node q. 

The below equation is used for modifying the synaptic weight Wq,r between the output neuron r and the 

neuron q, 

ΔWq,r = η δr Xr   (6) 

Wq,r = Wq,r + ΔWq,z  (7) 

ΔWq,z is the change in synaptic weight between neuron q and r, η is the learning rate which is a comparatively 

small constant that indicate the corresponding change in the synaptic weight. 

In order to improve the process update, a slight modification is made to equation (6) as 

ΔWq,r
n = η δr Xr + ΔWq,r

(n-1) μ (8) 

In the above equation, the updation of the weight while iteration is calculated using a term called μ, that is 

multiplied with previous weighted inputs as to multiply the (n-1)th iteration of ΔWq,r. The momentum rate speeds up 

the learning process by enhancing the changes in weight to follow the same direction with larger steps. It avoids the 

learning process from settling down at the local minimum.        

Working of neural network with back propagation: The PIMA Indian diabetes dataset contains 768 data 

instances. This dataset is divided into two: the training set and the test set. The training set consists of 614 data 

instances and the test set contains 154 instances. 

The following table describes the attributes that were being used as the training and test data in this research 

work. 

Table.1. Dataset Description 

S.No Attribute Name Attribute Description 

1 Pregnant (NPG) Occurrence of Pregnancy 

2 Plasma Glucose(PGL) Concentration level noted in 2 hours OGTT 

3 Diastolic BP (DIA) Diastolic Blood Pressure (in mmHg) 

4 Triceps SFT(TSF) Triceps Skin Fold Thickness (in mm) 

5 Serum Insulin(INS) Noted every 2 hour 

6 BMI Body Mass Index (in Kg/mm2) 

7 DPF Diabetic Pedigree Function(family history) 

8 Age Age of person in years 

9 Class Has Diabetes or not 

The dataset have to be normalized before they are being given as input to the neural network. Normalization 

is done with the amplitude of the individual variable. This is done by dividing each variable with their respective 

amplitude, which will result in values in the range 0 and 1. The normalized value of the data for the first five samples 

is given in the table. 

Table.2. Data before Normalization 

NPG PGL DIA TSF INS BMI DPF AGE 

6 148 72 35 0 33.6 0.627 50 

1 85 66 29 0 26.6 0.351 31 

8 183 64 0 0 23.3 0.672 32 

1 89 66 23 94 28.1 0.167 22 

0 137 40 35 168 43.1 2.288 33 
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Table.3. Data after Normalization 

NPG PGL DIA TSF INS BMI DPF AGE 

0.353 0.744 0.590 0.354 0 0.501 0.2591 0.1672 

0.059 0.427 0.541 0.293 0 0.390 0.1450 0.3827 

0.471 0.920 0.525 0 0 0.347 0.2777 0.3951 

0.059 0.447 0.541 0.3232 0.111 0.419 0.0609 0.26 

0 0.67 0.33 0.35 0.20 0.64 0.9455 0.41 

The input layer is fed with the normalized training data which contains 614 data instances. In our work we 

constructed multilayer perceptron neural networks with back propagation which has an input layer with 9 input 

neurons, a hidden layer with 7 neurons and an output layer with 1 neuron. After several trials of varying the number 

of neurons in the hidden layer, it was found that 7 neurons gave the highest accuracy. The output neuron determines 

the class of the disease. It is indicated with the binary values. 0 implies that data instance is tested and an output 1 

implies that the data instance is tested negative.   

3. RESULT 

The multilayer feed forward neural network with back propagation was trained with the momentum and 

learning rate, thus the neural network produces the result for an input instance. The Sigmoid function is used as a 

transfer function in the input layer and the hidden layer. Several trials were done for obtaining the optimal value of 

the momentum and the learning rate. Finally for this work, a learning rate of 0.33 and momentum of 0.66 is used. 

Proper measure has to be taken while choosing the learning rate for a network. When a very high learning rate value 

is chosen, it will cause the network to leap continuously over the optimal values and that will result in low recognition 

rate. At the same time, if the learning rate is very low, the learning speed of the network will become low.       

In this work, 80% of recognition rate was obtained form a neural network built using back propagation 

algorithm. The recognition rate obtained from this method is found to be slightly high when compared to the results 

obtained by using other algorithms such as Genetic algorithm, Support vector machine.  

The result obtained from the neural network using back propagation to predict diabetes mellitus is depicted in graphical 

form (Figure 3) as well as in a table (Table.4) as shown below. 

Table.4. Performance Table for Neural Networks Using Back Propagation 

No of training samples 614 Learning Rate 0.33 

No of test samples 154 Momentum 0.66 

No of input neurons 9 No of correct recognitions 123 

No of hidden neurons 7 Recognition rate  80% 

No of output neurons 1 Time 35 sec 

 

 
Figure.3. Graph of Total Network Error against Iterations 

A Receiver Operating Characteristics (ROC) is a graphical representation that depicts the performance of a 

binary classifier system. This ROC graph is generated by plotting the true positive rate against the false positive rate 

at different threshold values.  

The below shows the confusion matrix that was obtained from a total of 768 instances. 

TP= 416 FN= 84 

FP= 105 TN = 163 

TP- True Positive; FN: False Positive; FP: False Positive;   TN: True Negative 

The graph is plotted using the True Positive Rate (TPR) and the False Positive Rate (FPR).  

The True Positive Rate indicates the number of correct positive results from all the positive samples used 

during the test. 

𝑇𝑃𝑅 =
∑𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒

∑𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒
  

Here we obtained a TPR of 0.759. 
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The False Positive Rate indicates the number of incorrect positive results from all the negative samples used 

during the test. 

𝐹𝑃𝑅 =
∑𝐹𝑎𝑙𝑠𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒

∑ 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒
 

The FPR is 0.392 

On plotting the TPR against the FPR in a graph we arrived at a Fair graph with the area under ROC curve as 

0.7929.  

 
Figure.4. Receiver Operating Characteristics Curve 

4. CONCLUSION 
Diabetes Mellitus is one of the major critical diseases that is predominantly affecting almost one third of the 

world’s population. Though medical diagnosis is being done to the patients to identify the disease, they are being done 

manually which sometimes lead to wrong prediction of the disease. Such serious situations may result in deadly 

condition of the patients. In order to avoid such situations where a patient is being diagnosed wrongly, this research 

work aims at providing an automated diagnosis system which works at a very high recognition rate than the previous 

systems.  

Early diagnosis of the disease can help the patient avoid the severe health complications due to diabetes. This 

will help the patients to tae continuous care of their health by properly following the physician’s advice. This system 

helps in early diagnosis of this disease. 

Though there are several algorithms being proposed for predicting diabetes mellitus, they were not so accurate 

in the diagnosis of the result due to the lack of significance in the field. But, in this research work, we have built an 

artificial neural network and trained it using back propagation that has resulted in a very high recognition rate. This 

Artificial Neural Network trained with back propagation resulted in 80% recognition rate which is found to be slightly 

higher that the algorithms that were previously proposed. 
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