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Diabetes is a top priority in the public health system, being a chronic disease which has been steadily increasing over the past few decades. According to World Health Organization, by the year 2045, 9.9% of the adult population will be diagnosed with diabetes. If not controlled, diabetes lead to complications like increasing the risk of heart attack, stroke, kidney failure, leg amputation or vision loss (Fig 1). 
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Fig. 1 Diabetes: causes, effects and control actions

This paper proposes a knowledge system in the form of a fuzzy algorithm which improves diabetes predictions. It works as an expert system, where data base represents real values of the input variables, knowledge base represents international criteria for diabetes diagnostic and inference engine means a combination of the two bases in the shape of IF-THEN rules with the purpose of building reasoning and generating case-specific advices based on patient data. The fuzzy inference system has the ability to detect what chances people have against diabetes, based on two important factors: glycemic data and body mass. Furthermore, the architecture of our method is designed based on American Diabetes Association criteria and can be used as an effective diabetes monitoring and prognosis tool before reaching a doctor.
Starting from a real data acquisition: Pima Indians Diabetes data set from National Institute of Diabetes, Digestive and Kidney Diseases, USA, two classification methods were chosen to generate rules: Decision tree and Fuzzy Unordered Rule Induction Algorithm. Using Waikato Environment for Knowledge Analysis, rules were extracted and compared to the ones applied by human experts. ADA criteria for diabetes diagnosis uses mainly 2 indicators: basal blood glucose and body mass level intervals. Medically speaking if blood glycemic level >=126 mg/dL and body mass index ≥ 25 Kg/m², then that person is considered to be a diabetic. The rest of cases are treated depending on what intervals are not respected.
In order to improve diabetes predictions, a new algorithm was proposed using a Mamdani fuzzy system (implemented in MATLAB software), with two input attributes: weight and blood glucose and 1 output attribute: chances to develop diabetes. Our diabetes fuzzy system contains six IF-THEN logic rules which satisfies both International Standard of diabetes diagnosis and ADA criteria: (1)-(6).

If Glycemic index = Normal and IMC = Optimum 
then Chances for Diabetes = small	                                                                   (1)       
                                                        
If Glycemic index = Normal and IMC>= Overweight 
then Chances for Diabetes = small + notice1                                                       (2)

If Glycemic index = Altered and IMC =Optimum 
then Chances for Diabetes = medium                                        		       (3)  
                                     
If Glycemic index = Altered and IMC >= Overweight 
then Chances for Diabetes = medium + notice2                         		       (4)

If Glycemic index = hyperglycemia and IMC = Optimum 
then Chances for Diabetes = medium + notice3                           		       (5)

If Glycemic index = hyperglycemia and IMC>= Overweight 
then Chances for Diabetes = high                                               		       (6)

The new fuzzy inference system was evaluated for the specified input combination from the Pima Indian data set, after dropping the 0 values for both glucose and body mass concentrations (16 cases). From 752 training data rows, FIS output returned 15 cases of small chances of diabetes, 99 cases of overweight patients with normal level of glucose, 63 cases of prediabetics, 230 cases of overweight people with altered glucose concentration, 35 cases of hyperglycemic people with optimum weight and 310 cases with high chances of diabetes. According to the set of rules, a number of 43 (small), 145 (small+notice2), 42 (medium), 226 (medium+notice2), 20 (medium+notice3), 276 (high) cases fit criteria, which compared to FIS[footnoteRef:1] output gave a number of 152 false positive and false negative instances and 600 true positive and true negative cases, resulting an accuracy of 79.78%, higher than the two classification methods applied using WEKA. [1: ] 

The proposed algorithm can be further used as the basis for creating a medical application that can detect what chances people have to get diabetes based on the number of kilograms and the level of glycaemia monitored according to the food ingested. Moreover, this algorithm can be used as an effective diabetes monitoring and prognosis tool before reaching a doctor.
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