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 Diabetes disease is increasing around the world. This disease, if is not diagnosed soon, 

leads to serious sequences and forces high expenses to the patient. So, designing a 

method for quick diagnosis of diabetes reduces therapeutic expenses. On the other 

hands, the prevalence of this disease, increases the need to diabetes expert. In order to 
avoid this requirement, the researchers applied expert systems. This study introduces a 

new method; a combination of data mining algorithm and expert system. This method is 

applied on credible data set in Indian patients of type 2 diabetes provided by California 
University which could increase the extent of diagnosis accuracy and change the 

obtained results to the present best results. In order to get this goal, first the patients’ 

data is given to genetic feature selection algorithm to reduce the number of data 
features. Then the selected features are given to the expert system and diagnosis will be 

performed. The last level of diagnosis accuracy in this disease was 86.13% in 2014 

which increased up to 95.23% in this article.         
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INTRODUCTION 

 

 Diabetes disease is increasing around the world. This disease, if is not diagnosed soon, leads to serious and 

dangerous sequences. So, immediate diagnosis is very important. One of the primary problems which therapists 

face with in diagnosing diabetes is the increase in the frequency of these patients and facing with huge data 

about them. In order to solve this problem, the researchers applied bioinformatics methods like data mining and 

expert system. In data mining, the researchers could analyze their patients’ data by applying data mining tools 

and get information about the frequency of patients in one zone. In expert system, the researchers also design 

systems which determine their health condition by getting information from individuals.  

 The importance of predicting diabetes is due to this fact that, when the patient is informed, he/she can 

change his lifestyle and predict the disease. Recent studies apply data mining methods to diagnose diabetes. 

Mallios, et al. [1] designed programs for curing prostate cancer by applying learning machine methods used in 

WEKA software. The findings were given to WEKA software during the therapy to be classified. AIJarullah [2] 

diagnosed diabetes type 2 by applying data mining methods. The applied method in this article includes two 

parts: the first step, preprocessing which allocates 60% of the time of this processing to itself and the second 

step, applying decision tree classification method. The obtained results in this article show 78% accuracy. Fathi 

and Sanaiee [3] used fuzzy algorithms based on ant’s colony to diagnose diabetes. They ascended diagnosis 

accuracy up to 84.24%. Madhavi, et al. [4] reached to the accuracy of 73.82% by applying neural network 

algorithm and Fuzzy k-Nearest Neighbor which was a new hybrid approach. Robu, et al. [5] tested different 

methods of data mining on diabetes data and cancer in which diabetes data resulted 76.3% accuracy in new bees 

algorithm. Leon [6] got 81.8% accuracy by applying fuzzy neural methods. Jaganathan, et al. [7] applied 

ANTMINER algorithm and obtained 70.99% accuracy. Kahramanli & Allahverdi [8] designed a hybrid system 

of neural and fuzzy neural network and decreased the accuracy up to 84.20%. Zangooei and Alizadehsani [9] 

suggested automatic pattern classification method for four types of disease: diabetes, breast cancer, liver 

diseases and liver abnormalities. In order to apply this method, they used SVR (Support Vector Regression) 

method. In order to change real amounts to digits, they used NSGA method which is a multi-goaled searching 

evolutionary method. The results of this study show that the efficiency of the suggested method is higher in 
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classifying these four disease in comparison with other applied methods so far. The level of accuracy in the 

suggested method by these researchers in detecting diabetes, breast cancer, liver diseases and liver abnormalities 

are 86.13, 98.86, 91.24 and 86.13 respectively. Serter Uzer and Inan [10] used bee colony algorithm hybrid 

method and support vector algorithm to classify diabetes disease, breast cancer, liver diseases and liver 

abnormalities. For this purpose, first the patients’ data are given to the bee colony algorithm to select the 

effective features in classification, then the selected features were given to support vector machine algorithm for 

classification. At the end, they could enhance their results in diabetes, breast cancer, liver diseases and liver 

abnormalities respectively up to 79.29, 94.92, and 74.81. Waqar Aslam, M, et al. [11] could increase the level of 

accuracy in classifying diabetes data up to 87% by applying genetic and support vector machine hybrid method. 

Their suggestive method included three steps: in the first step the methods like Colic Divergence Lyblr, F digit, 

T test, and Kolmogorov- Smirnov test were used to assess the effect of features for classifying diabetes. Then 

the results obtained from this step which shows the level of diabetes feature effect were arranged in descending 

order, these results were given to one of the selective feature method called forerunner feature selection which 

its duty is to select the best feature based on Jfeature criteria, to decrease the required calculation level by selecting 

the best feature subset. In the second step, the selected features in the previous step are used to make didactic 

data through genetic algorithm. In the last step, the resulted educational data are given to the nearest neighbor 

classified algorithms and support vector machine to perform the task of classification. This study shows that the 

obtained results from the suggested method had more efficiency in comparison with the previous methods.  

 High expenses of diagnosing this disease caused this article to suggest a method both to decrease the 

expenses by immediate detection and show the advantage of hybrid method in comparison with other methods. 

In section 2 of this article, first data preprocessor is introduced and the applied method is described. In section 3, 

the applied classified algorithms will be introduced. Section 4, describes fuzzy system. Section 5 explains the 

applied data in this study. Section 6 introduces the suggested approach and section 7 indicates the assessing 

criteria for this approach. Section 8 compares the results of this study with performed studies so far and section 

9 is allocated to conclusion.  

 

2. Preprocessing:  

 In most of classifying subjects, the applied data collection includes many features, it is such that in some 

cases the number of features are more than the number of samples in the mentioned data collection. Due to this 

fact that the increase in the number of features increases the calculative expenses of a system, so the solution to 

this problem is decreasing the dimensions of entrancing vector of the classifying algorithm. So, designing 

systems with the least frequency of features is necessary. The main goal of feature selection method is removing 

additional features or selecting features including useful data. On the other hands, selecting an appropriate 

subset of features which has a useful efficiency in the system is necessary. These subjects are reasons for finding 

an appropriate subset of features. In the following, feature selection method will be investigated. 

 

2.1. Feature selection method:      

 Selecting the feature is one of the most important issues in making predictive systems. Limiting the number 

of entrancing variances is useful in making a classifying model because, not only increases the accuracy of 

prediction, but also decreases calculations. This study, applies feature selection method by using coverage 

genetic algorithm to select the best variances. In fact the goal is to increase the accuracy of the produced models 

on data collection by suggesting a hybrid method.  

 

Genetic algorithm:  

 In selecting feature based on genetic algorithm, the adjusted function which shows optimization includes a 

classifier model. It means that when a primary subset of variances are selected based on arranged probabilities, a 

modeling will be performed by a classifying and method and by applying these variances and the model 

precision will be assessed [12]. Then selection, mutation and heredity will be continued in data collection 

variances until reaching an optimization in created model. In the below figure, the reason for selecting features 

is presented.  

 
 

 In the above figure, the conditions of stop are simply equal to lack of increase in efficiency index or 

accuracy in classifying method. In selecting a subset of variances by genetic algorithm, mutation means 

selection or lack of selection of variances in each execution and heredity means changing the applied variances. 

In this algorithm, like all of its functions, different methods are used in selection step.  

 

 

No  
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3. Bayse algorithm:  

 This classifying method is a subset of classifying methods based on bees’ theory; which is considered as 

one of the efficient and simple algorithms in data mining. One of the key points in this method is independency 

of features towards each other, that is in this model it is assumed that the features are separated from each other 

and there is dependency among them. Although this assumption is unreal in most of data, the obtain results in 

this model are good results.  

 Assume that D is a group of educational data and each record is described with x vector as what is 

presented in equation 1. D data group includes m class C1, C2, C3…Cm. Regarding the below equations, the 

class related to x can be identified by finding the maximum amount of P (Ci│X). 

      Equation 1 

𝑃 𝐶𝑖 𝑋 = 
𝑃 𝑋 𝐶𝑖 𝑃(𝐶𝑖)

𝑝(𝑋)
                                                                    Equation 2  

𝑃 𝐶𝑖 𝑋 = 𝑃 𝑋 𝐶𝑖 𝑃(𝐶𝑖)                                                                                                                 Equation 3 

𝑃 𝐶𝑖 𝑋 > 𝑃 𝐶𝑗  𝑋  𝑓𝑜𝑟 1 ≤ 𝑗 ≤ 𝑚, 𝑗 ≠ 𝑖                                                                                     Equation 4 

 Equation 2 is the base to Bayse’ model and is the classifying foundation with bees’ model. In model 2, 

because P(X) in the equation fraction is fixed for 𝑃 𝐶𝑖 𝑋 , so, P(X) is removed and equation 3 is obtained. 

Equation 3 is executed by a number of the present labels in D data group and considering equation 4, test class 

is located in Cz class and  𝑃 𝐶𝑧  𝑋  has the highest degree in𝑃 𝐶𝑖 𝑋 . As it is observed above, bees’ model is not 

very complicated and can be executed simply.  

 

4. Fuzzy systems: 

 Fuzzy logic is applied as a new concept in comparison with common methods for designing and modeling 

systems based on mathematics and advanced and complicated probabilities. In designing fuzzy systems, rules 

and quantities based on lingual variances or in other words the experts’ knowledge are used. Control systems 

based on fuzzy logic is generalized from Boolean logic. Due to this fact that in traditional logic, everything is 

expressed as dual form (0 or 1), so in fuzzy logic, the appropriate basics of Boolean are expressed with a degree 

of accuracy. Membership function in fuzzy set determines the quality of each mapping in each space points to 

membership degree which is between 0 and 1. In processing step, fuzzy If-Then is called deduction motor which 

exits in the form of two general methods of deduction; Mamdany fuzzy deduction and Takagi Sugeno fuzzy 

deduction. These two methods are equal in making the inputs fuzzy and fuzzy performances, however; they 

perform differently in output. In Mamdany fuzzy deduction method, output is considered as membership 

functions of fuzzy sets, but in Takagi Sugeno fuzzy deduction, the output of functional member is linear or fixed 

[13]. 

 

5. Diabetes data description:  

 Diabetes data collection belongs to diabetes institution and kidney and digestive problems. This collection 

includes 768 samples and 9 features and includes no lost quantity. Table 1 shows data statistics diagram from 

among 768 samples, 268 samples are patients and 500 samples are healthy [14]. This article uses 144 samples of 

this data which shows young patients who are aged ranging from 25 to 26 years old.  

 
Table 1: Representative for diabetes data collection.  

Number of times pregnant  Frequency of pregnancy 

Plasma glucose concentration an hour in an oral glucose tolerance test  Plasma glucose concentration 

Diastolic blood pressure (MMHG)  Diastolic blood pressure based on mercury mm 

Triceps skin fold thickness  Triceps skin fold thickness 

-hours serum insulin2  2- hours serum injection 

Body mass index  Body mass index for investigating fatness and weight 

gain BMI= weight (KG0) 

Height (M) 

Age  Age 

Class variable  Class variable (0 and 1) 

 

6. Suggested method:  

 This study uses feature selection methods by applying genetic algorithm to increase the accuracy of fuzzy 

expert system. In this method, first chromosome is constructed as dual fibers. The primary population is also 

formed randomly, then the adjusted function is created by applying bees’ algorithm method accuracy and is 

determined based on Janie index. Statistical population was equal to 20 persons, mutual probability was 0.033 

and primary probability was 0.6 and competition method is applied to select genetic algorithm. The selected 

variances by genetic algorithm are presented in figure 2.    
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Fig. 2: The selected features by genetic algorithm. 

 

 In the following, fuzzy deduction system is used for diabetes diagnosis. This system includes three parts: 

fuzzy making intermediate, assessment method and de-fuzzy making intermediate. In the beginning of working 

with fuzzy expert system, the selected variances from the previous step should be changed into fuzzy ranges. 

Table 2 shows this change. In the suggested system, 5 features are used, for each one in fuzzy system, triangular 

membership function is defined and is presented in table 2, a sample of which is drawn in figure 1.   

 
Table 3: Fuzzy variances related to diabetes diagnosis. 

The name of presented 

fuzzy digits 
 Fuzzy digits Presented name in the text  Fuzzy variance 

D11  low D1  Plasma glucose 
concentration D12  Middle 

D13  High 

D21  low D2  Diastolic blood pressure 

D22  Middle 

D23  High 

D31  low D3  2-houres serum insulin 

D32  Middle 

D33  High 

D41  low D4  Body mass index 

D42  Middle 

D43  High 

D51  Young D5  Age 

D52  Middle aged 

D53  Old 

O1  Very low  

 

 
O 

 

 

 

 

 

Determining variance 
related to show disease or 

lack of disease 
O2  low 

O3  Middle 

O4  High 

O5  Very hight 

  
 

 
 

Fig. 1: Membership function diagram relevant to plasma glucose concentration. 

 

 The assessment method in this article includes 5 rules for making deduction motor. These rules are 

presented in figure 2. To get the output, minimum is used and in order to change the form of output of fuzzy set, 

cutting and correcting are applied. Then inference process are executed for each fuzzy rule. Finally, outputs of 

all fuzzy rules are summed and are combined inside a fuzzy collection which shows the final amount of fuzzy 

output. At the end, that is de-fuzzy making step, fuzzy results obtained from inference change into the certain 
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output which is a real quantity between 0 and 1. The more validated the term is, the closer the score to 1 will be. 

The method which is used for de-fuzzy making is centroid which determines the sub-function of the zone center 

in combined membership. The results obtained from testing diabetes data showed 95.23% accuracy.     

 

 
 

Fig. 2: The rules related to expert fuzzy system.  

 

7. Performance criteria: 

 Popular performance criteria in medical classification issues are accuracy, sensitivity, specificity. These 

criteria are explained in the following in brief.  

 

7.1. Accuracy:  

 This criteria means the percent of correct predicted groups. Calculation of this criteria is presented below: 

𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
TP +TN

TP +FP +TN +FN
∗𝟏𝟎𝟎 

  

8. Comparing the results with performed studies so far: 

 The applied web-based system in this experiment included HDD 500, RAM 8 GIGE and CPUi7 and this test 

is done by applying WEKA software. Table 3 shows the performed studies in diagnosing diabetes by data 

mining. This table includes three parts: the researchers’ name, algorithm’s accuracy and the applied method. In 

order to test the accuracy of applied algorithms 10-fold cross validation method is used which is one of the most 

credible and reliable methods, so this study applies this method to assess the algorithm. The results show 

95.23% accuracy in the applied method which this level is higher than the accuracy in the previous methods.   

 
Table 3: The executed parameters in the suggested algorithm. 

Applied method  Algorithm accuracy  Researchers’ name 

Hybrid system  84.2  Kahramanli and Allahverdi (2008) 
FGS  87  Waqar Aslam, M. (2013) 

FAbcs and Svm  79.29  Mustafa Serter Uzer (2013) 

Relational fuzzy neural networks and 

square BK-products 
 81.8  Leon, W. D, IV et al. (2006) 

ANTMINER  70.99  Jaganathan et al. (2007) 

ANTMINER with Imp.Quick Reduct  76.58  Jaganathan et al. (2007) 

FCS-ANTMINER  84.24  Mostafa Fathi Ganji et al.( 2011) 

A hybrid method SVR using NSGA-II  86.13  Mohammad Hossein Zangooei  et 

al.(2014) 
FGS+FUZZY Expert System  95.23  This Article 

 

9. Conclusion  

 The immediate diagnosis of diabetes decreases the resulted problems from this disease. It also increases 

therapeutic expenses, so this study tries to make a more accurate prediction of disease by applying a hybrid 

approach. The obtained result from this study shows that the performance of diabetes diagnosis system increases 

by combining data mining algorithm with fuzzy expert system.  
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