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ABSTRACT
Diabetes is considered as a great health problem due to its economic importance and the fact that it is a chronic disease. The aim of this 

study is to determine the costs imposed on diabetic patients using Artificial Neural Network. The study data was gathered by randomly 

investigating 396 individuals who referred themselves to Kermanshah diabetic center. In this research The Artificial Neural Network 

using Multiple Layer Perception (MLP) is used to investigate the costs imposed on Diabetic patients. The variable related to treatment of 

diabetes was calculated through a neural network covering 8 different output layers.The eight output layers of expenses includes 

physician's visit, medication, tests, hospitalization, radiology, treatment of symptoms, transportation, and counseling. In this study, the 

highest annual expenses are related to medication, tests, and radiology. In addition, the patients who presented the symptoms spent 

more money on treatment. Considering the need to efficiently use medical facilities, it is necessary to use way’s which can be applied to 

predict the medical expenses however We come to this conclusion that neural network had great advantages over the regression model 

and could be used as an efficient tool for prediction of expenses and can replace the classical and statistical models. 

          Key words: Neural Network Model, Diabetes, Costs
           Copyright © 2014 Mohammad Mahboubi et al. This is an open access article distributed under the Creative Commons Attribution License.

  1. INTRODUCTION
iabetes is considered as one of the great health 

problems due to its economic importance and also 

the fact that it is a chronic disease. Taking 

preventive measures and weakening the side effects can be 

helpful in reducing the expenses imposed upon the health 

(1)Sectors. Studies have been carried out in Europe and the 

United States suggest that the expenses imposed by diabetics 

are far more than those by non-diabetics(2). In low and middle 

income countries less attention is paid to the economic 

importance of the disease, while in these areas; Diabetes is 

one of the most important non-contagious diseases that have a 

negative effect on the economic growth (3). In a study carried 

out in Isfahan in 1999, the annual expense for the patients who 

injected insulin, used oral treatment, and were treated by diet 

was US$ 2003, US$ 76, and US$ 34, respectively. The results 

indicated that diabetes treatment is a very expensive affair. In 

addition, the annual expense was 152314.5 for each diabetic, 

while 525.8 for each subject in the control group, which was 

2.92 times more in diabetics. The main expense is accounted 
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for medicine, medical supplies, and hospitalization. Besides 

this, 53% of the direct expenses were due to the diabetes side 

effects. Overall Study revealed that diabetes is a high cost 

medical problem in Iran (3). .Considering the high prevalence 

of diabetes in Iran, the aim of our research was to estimate the 

annual expense on diabetes. Apparently, lack of systems for 

assessing the expenses based on health and medical 

information is one of the main sources of problem in 

evaluating medical treatment. As a result, having an 

evaluative system can help us solve this problem .Therefore, 

In this research we are trying to find a way to estimate the 

medical expenses, using the existing information, data 

processing algorithms, and accurate evaluation of the costs 

through Artificial Neural Network (ANN). ANN is a 

mathematical tool that has the ability to show the processes 

and non-linear combinations between the input and output of 

each system. This network was designed by the existing data 

during the learning process and is used for future predictions 

(4). In this study, neural network system with multilayer 

perceptron was used to assess the expenses. Perceptron 

network is made(4). In this study, neural network system with 

multilayer perceptron is done  to assess the expenses. 

Perceptron network is based on a measurement unit called 

perceptron. One ventral perceptron takes an input with real 

amount and calculates a linear combination of the input. This 

Multilayer Perceptron (MLP) network includes an input layer, 

one or a few hidden layers, and an output layer. To teach this 

network, back propagation algorithm is used. During MLP 

network teaching by using back propagation algorithm, first, 

the calculations are done from the network input to output and 

then, the calculation errors are sent to the previous layers. At 

first, output calculation is done layer by layer and the output 

of each layer becomes the input of the next one. In BP, first 

the output layers are modified because for each neuron of the 

output layer, there is an optimum amount with those help and 

with updating rules one can modify the weights (5). 

Nowadays, genetic algorithm is being more commonly used to 

investigate the health related problems and the frequent 

variables. ANN is a statistical method for research and 

improvement. Genetic algorithm is a part of evolutional 

calculation which is a part of artificial intelligence. Special 

features of this algorithm cause it not to be considered as a 

random searcher. In fact, the initial idea of this method comes 

from Darwin's theory of evolution and its application is based 

on natural genetics (6). Up to now, only a limited number of 

researches have been conducted on this global issue in Iran. 

Moreover, no studies have been performed on the issue in 

Kermanshah so far. Thus, the present study aims to design a 

neural network to investigate and predict the expenses caused 

by treatment of the patients referring to diabetic research 

center in Kermanshah. This research mainly aims to predict 

the treatment expenses with above 98% accuracy and present 

the evaluation model of the expenses using ANN in order to 

be used in treatment systems. It also aims at investigation of 

the effect of the variables, such as age, sex, occupation, 

income, symptoms, and the duration of the illness, which are 

related to the expenses of the treatment incurred upon the 

patients. The advantages of using ANN over using statistical 

methods, such as Logistic Regression, have been pointed out 

in various studies (7, 8)here. Therefore, in this study, ANN 

was used to predict the expenses of treatment. Some of the 

applications of ANN in medical sciences are lowering the 

expenses, increasing the reliability and accuracy of physicians 

in their decision-makings, and helping many efficient medical 

supplies. ANN can predict the treatment expenses and 

duration. This method can also be applied to predict the 

expenses and the duration of treatment in the patients 

suffering from the symptoms.

2. MATERIALS AND METHODS
The present investigation was done on 396 subjects randomly 

selected from the patients referring to Kermanshah diabetes 

center. The annual expense on treatment was chosen as a 

dependent variable and other variables were entered into the 

system as factors. In addition, the independent and dependent 

variables were considered as input and output layers, 

respectively. The output layer was the treatment expenses, 

while the input layers were age, sex, occupation, treatment 

duration, the type of treatment, and the symptoms. In this 

study, ANN using Multiple Layer Perception (MLP) was used 

to investigate the diabetes treatment. All the Statistical 

analyses were Performed through the SPSS statistical software 

(version 20). The process of the neural network was fit for the 

dependent variable; i.e., treatment expenses, and other 

variables were calculated as factors. To investigate the impact 

of the independent variables on the total treatment expense, 

the classic statistical tests were initially performed. In these 

tests, many errors can occur, while the ANN investigation of 
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the relationship between the variables does not show any 

errors. Also, the prevention of data defect is highly possible in 

ANN (9). This method is based on mathematical relationships 

between the data and aims at investigation of a large number 

of independent and dependent variables as well as their impact 

on each other (10). In this study, multilayer perception ANN 

with BP was used for prediction. This network can accurately 

estimate any relationship between the input and output. In this 

study, the best conformity model which calculated  the least 

number of errors and the best approximations was determined. 

The model has to be assessed regarding the output results and 

by assessment of the model, we aim to determine how capable 

it is to give a reliable result related to the input. The current 

research made use of absolute error percentage index which 

has also been chosen by many researchers to evaluate the 

prediction. In this study, the number of samples was 

determined in each output data, valid data, and test and 

learning in neural network processes (Table  1).

Table  1. Summary of neural network processes

Item (s) Number Percent

training 287 72.5

Testing 109 27.5

Valid 390

Excluded 6

total 396

In this memory or neural network, nodes have two states: 

active (on or 1) and inactive (off or 0). Besides, each synopsis 

on the relationship between the nodes has the same weight. 

The synapses with positive weight stimulate or activate the 

next inactive node, while the synapses with negative weight 

inactivate or control the next joined node (in case it has been 

active). 

3. RESULTS AND DISCUSSION
In this study, the data related to 496 diabetics who had 

referred to Kermanshah diabetic research center were 

investigated. According to the results, 65.9% of the 

participants were female and 34.1% were male. The mean age 

of these patients was 53.911.7 years. In addition, the mean of 

the subjects' disease duration was 96.1 years. In this 

research, neural network was used to calculate the variables 

related to treatment of diabetes in 8 different output layers in 

the form of parameters, such as age, sex, occupation, duration 

of the disease, symptoms, type of insurance, and type of 

treatment. To evaluate the neural network results, r=0.45 and 

r=0.7 were predicted for age and duration of the disease, 

respectively using linear regression and these two variables 

were entered into the model as the input layer. By using neural 

network, the importance of the independent variables such as 

duration of the disease and the side effects which had the 

highest impact on the expenses was determined (Table  2).

Table  2. The importance of the independent variables On the cost of Diabetes

Variable Normed importance (%) Important factor

Sex 23.1 0.127

Complication 36.3 0.199

Age 23.1 0.126

Duration of disease 100 0.548

The Eight output layers of the expenses include physician's 

visit, medication, tests, hospitalization, radiology, treatment of 

symptoms, transportation, and counseling. In this study, the 

highest annual expenses were related to medication, tests, and 

radiology (2514369, 1010447, and 971282 US dollars, 

respectively). On the other hand, the lowest expense was 

15666 US dollars and related to counseling. The patients who 

showed the symptoms spent more money for the treatment. 
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The most common symptoms were Macroscolar, Microscolar, 

and cataract. The results indicated that 21.5% of the patients 

either used insulin alone or along with pills and the rest used 

pills alone. The average expense of the treatment with insulin 

was 1.5 times more than that with pills. The population of 

Kermanshah is 851405 according to the last national census 

which took place in 2011. In the present research, the 

prevalence of diabetes was 9.2% in this city (11). Moreover, 

this study showed that the annual expense for diabetic patients 

was 160 million Rials (more than 6 million US dollars) in 

Kermanshah. Considering the average monthly income of the 

families and each individual's expenses, on average 4% of 

each family's income is spent on diabetes treatment. To obtain 

the best MLP neural network, different models were created, 

tested, and taught. In the end, two-layer network with 4 

neurons in the first layer (hidden layer), 3 neurons in the 

second layer (hidden layer), and a neuron in the third layer 

(output layer) was introduced as the best network model for 

prediction (Figure 1). 

Figure 1. Neural network architecture for the cost of treating diabetes

In early 1980s, researchers mainly focused on the estimate of 

the data. Up to now, a large number of studies have been done 

on healthcare data in order to predict the expenses. In 2000, 

Van de van presented the risk-based expense prediction 

model. At the moment, various models are available to 

insurance companies to predict the expenses. These models 

are extracted from the data related to disease diagnosis and 

doctors' prescription. Moreover, the error rate of the data 

processing algorithms is less than that of regression and 

analysis of variance (12). Up to now, numerous researches 

have been done to assess the hospitalization expenses by using 

regression and variance analysis. Although this research was 

based on only numbers of available variables and very few 

variables play roles in hospital expenses, the accuracy of these 

assessments was less than expected (13). In this research, the 

total expenses of diabetes were simulated using neural 

network. The results showed that neural networks can be used 

as a powerful tool for modeling and estimating the treatment 

expenditures. The results also showed that the duration of the 

disease, age, and symptoms had a great impact on the 

treatment expenses. Since the expenses were investigated as 8 

output layers, 8 neural networks were designed. Considering 

the results of this research, it was concluded that the treatment 

expense of a diabetic person in Kermanshah is quite high; in a 

way that both the patients and insurance companies have to 

spend a lot of money on the disease annually. By controlling 

the symptoms of the disease, one can lower the expenses to a 

great extent. For instance, research has shown that 33.386 US 

dollars were saved in the United States (14). In the present 

study, the annual expense was 82 US dollars for each 

individual. Yet, it was reported as 152.314.5 dollars in 

another research which was conducted in Tehran in 2006 (3). 

This difference was due to the difference in dollar exchange 

rate in 2006. In a study carried out in the U.S. in 2007, the 

annual expense of each diabetic patient was 700 dollars (15). 

The difference in the expenses can be due to the dollar 

exchange rate in different countries. One study which was 

conducted in Pakistan showed that the main expenses of 

diabetes treatment were related to medicine (46%) followed 

by lab tests (32%). This finding as well as the result related to 

http://www.journalbio.com/
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age and disease duration was consistent with the present 

research (16). Furthermore, a study in Norway in 2005 

showed that the main expenses of diabetes treatment were due 

to medication and medical supplies (17). In 2004, a study on 

the difference between the categorization techniques and 

neural networks was conducted on 492 patients in order to 

assess the patients' expenses. The variables included 

hospitalization, the number of surgeries, age, sex, the 

physician's name, the number of referrals to a counselor, and 

the number of radiologies. After modeling, it was concluded 

that neural network algorithm was better than the 

categorization algorithm (13). In 2009, a more detailed 

research was done to estimate the expenses incurred on cancer 

patients. It was revealed that in neural network algorithm, the 

expenses were estimated with 98% accuracy. The most 

important neural network variables for predicting the expenses 

were hospitalization period and the number of medical 

counseling and group therapies. On the other hand, the most 

important variables for the categorization method were 

hospitalization period, the number of referrals to ICU, and the 

number of medical counseling (18). In addition to application 

of data analysis for predicting the treatment expenses, data 

analysis was also used to predict heart attack and to allocate 

medical care resources for the patients suffering from lung 

cancer (19-21). Considering the need to efficiently use the 

medical facilities, it is also necessary that some ways be used 

to predict the medical expenses. In fact, there will be fewer 

errors, damages, and casualties if the medical sciences are 

equipped with smart tools to diagnose and cure diseases. Since 

neural network is capable of non-linear modeling, it can well 

predict the sudden changes. It may also help modeling and 

prediction to a great extent (22). 

4. CONCLUSION
In the end, we come to this conclusion that neural network has 

great advantages over the regression model, and can be used 

as an efficient tool for prediction of the expenses and can 

replace the classical and statistical models. Moreover, 

prevention and control of the disease can tremendously lower 

the radiology, test, medication, and the total expenses of the 

treatment.
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