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ABSTRACT
Article Info: [eTTaTE: Building clinical decision support models to automatically extract knowledge from data helps
Received: 30 Jul 2021 ¢ physicians in early diagnosis of disease. Interpretability of the diagnostic rules of these models for un-

derstanding how they make decisions and increasing confidence in their output is a key indicator in
determining their efficacy.

[VEETEEE In this retrospective study, an automated hybrid rule extraction model is proposed for type 2
diabetes. In order to evaluate the model, the PIMA Diabetes dataset including 768 records and 9 variables
was used. After removing the missing and outlier data in the data preprocessing stage, a proposed fuzzy-
genetic hybrid model was implemented using MATLAB software to extract the rules. A self-organizing
chromosomal structure was used to eliminate the complexity of setting genetic algorithm operators and
facilitate the re-implementation of the model in other applications.

[EEME The accuracy of the proposed model on the PIMA dataset was 79.05%. This accuracy was ob-
tained by two fuzzy rules, each of which contained only two independent variables. In addition, two single
diagnostic rules for diabetic and non-diabetic individuals were presented with accuracy of 70.83% and
81.48%, respectively. The number of pregnancies, body mass index, diastolic blood pressure, diabetes
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Key words: pedigree function, plasma glucose concentration, and triceps skinfold thickness were the most effective
Knowledge discovery, factors in having or not having diabetes in the extracted rules.

Fuzzy logic, Medical : The proposed model with high accuracy and interpretability is quite suitable in producing an
informatics, Data accurate and highly interpretable set of rules as well as single rules for diagnosing diabetes or absence
mining, Classification :  of diabetes. Due to its self-organizing ability, it can also be used for other binary classification purposes.
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Extended Abstract

Introduction

n recent years, fuzzy systems have been suc-

cessfully used in different fields of science,

especially medical sciences [1, 2]. They use

linguistic rules to describe systems that are

easily interpreted and checked by the user [3,
4]. Therefore, one of their applications of interest is in
clinical decision support systems, where the discovery of
rules hidden in the data and the interpretability of these
rules are of great importance. The extraction of these
rules with two indicators of accuracy and high interpret-
ability helps specialists in increasing the accuracy and
speed of disease diagnosis [5-7].

In the studies that have been conducted so far, atten-
tion to the extraction of single rules with high positive
predictive value (PPV) and negative predictive value
(NPV) has been neglected [8-10]. Due to the interest of
specialists in diagnostic rules that are capable of quick
evaluation and are easy to remember, and because many
medical data sets, including the Pima diabetes dataset,
contain clinical parameters resulting from tests, it is im-
portant to design a model for extracting single rules with
high efficiency in terms of PPV and NPV. In this paper,
we aim to propose a hybrid genetic-fuzzy classification
system that automatically extracts the rules hidden in the
data. Then, by evaluating each of the extracted rules, we
provide the best single rule for diagnosis of disease and
absence of disease. In addition, a new self-organizing
chromosomal structure is proposed to eliminate the ef-
fect of the selection of genetic algorithm operators on
the efficiency of the model. The Pima diabetes dataset
was finally used to evaluate the proposed model.

Methods

In this study, the rule base of retrospective Mamdani
fuzzy systems is designed using PIMA data. One of the
problems of PIMA dataset is the presence of missing val-
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ues and outliers. In this study, KNNi method was used
to remove missing values and K-means was applied to
remove outliers [2, 9]. At the beginning, there are no
rules in the rule base and no membership functions are
assigned to the fuzzy variables. They are generated and
optimized using the genetic algorithm [2]. To eliminate
the effect of the type of mutation and recombination op-
erators on the efficiency of the model and reduce the time
of setting the parameters of the genetic algorithm by trial
and error, a new chromosomal structure was proposed
which, while producing the fuzzy rule base, provides the
best mutation and recombination operators among the
existing methods for each dataset. In this proposed chro-
mosomal structure, as generations pass and the results
converge, the recombination operator corresponding to
individuals with the highest fitness is selected more than
others. In this way, the optimal recombination operator
for the examined data set is automatically selected. The
same process is done for the mutation operator. Then,
each rule was evaluated on the dataset and their accu-
racy was measured. Finally, the best single rules with
the highest PPV for detecting people with diabetes and
the highest NPV for people without diabetes were de-
termined. Afterwards, the diagnostic rules of having and
not having the disease were combined and a set of two
diagnostic rules was presented as the output of the model.

Results

The result of implementing the proposed model was
the presentation of 81 single rules. Among the rules for
diagnosing diabetes, those with PPV >70% were se-
lected, and among the rules for diagnosing the absence
of diabetes, those with NPV >80% were selected. Four
single rules were finally determined which are listed in
Table 1. Table 2 presents the result of combining the
best single rules and the output of the proposed model.

Table 3 compares the efficiency of the proposed meth-
od with some existing methods in terms of the number
of rules selected in the final rule base, the number of lin-
guistic terms to describe each variable, the fuzzy mem-

Table 1. The best single diagnostic rules extracted by the proposed model on the PIMA diabetes dataset

Row Rule Classification Rate (%)
1 If Pregnancies is high and Tri Fold Thick is normal Then Diabetic 70.83
2 If Tri Fold Thick is high and BMI is normal and Then Diabetic 70.83
3 If Pregnancies is very low and PG Concentration is very low Then not-Diabetic 81.48
4 If Diastolic BP is very low and DP Function is very low Then not-Diabetic 81.48
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Table 2. The set of rules extracted by the proposed model on the PIMA diabetes dataset

%

Row Rule
Accuracy PPV NPV
L g o T b e P05 08 a1
2 If Pregna:c-:-;isﬁcs)l:/je:ilzlusar:tgi hPéngo?\t/gr:irggiror: ?sl 32(:;;25\?#12: ?'nt:;-Dia betic 7305 S I
S T e e s s
4 If Pregnancies is high and Tri Fold Thick is normal Then Diabetic 79.05 70.83 81.48

If Diastolic BP is very low and DP Function is very low Then not-Diabetic

bership function, the total number of conditions in the
rules, the number of records used to build the model,
and accuracy.

Discussion

In this study, due to the importance of extracting pre-
cise rules and their interpretability in clinical decision
support system, a rule extraction model using a hybrid
genetic-fuzzy algorithm with high accuracy was pre-
sented for determining the most compact set of rules
and benchmarked on the PIMA diabetes dataset. In ad-
dition, Also, to avoid the complexity of setting genetic
algorithm parameters and remove their effect on model
efficiency, a new chromosomal structure with automatic
adjustment of mutation and recombination operators
was presented. The best set of rules according to the two
criteria of interpretability and high accuracy, was the set
with 2 rules, 4 sets of fuzzy terms per each antecedent,
and an average length of 2 per each rule, which achieved

79.05% accuracy. The used membership function was
a symmetric triangular function, which makes it easier
for human users to understand the concepts due to the
constant width of all functions.

Based on the rule length, number of rules, and mem-
bership functions, which are the most important indi-
cators of the interpretability of rules by human users
[10-13], the proposed model could provide an effective
rule set with high interpretability to distinguish diabetic
and non-diabetic people including only one diagnostic
rule for diabetic people and one diagnostic rule for non-
diabetic people.

Conclusion

Rule extraction from datasets in the field of medical
diagnosis is an important area for knowledge discovery.
Fuzzy systems are known as a popular tool in this field.
For the automatic design of fuzzy systems from the data,

Table 3. Comparing the efficiency and interpretability of the proposed method with the methods presented in other studies on the

PIMA diabetes dataset
References Nu::‘ t;:: i Number of Terms  Membership Function Rule Length N?ﬂzzr;:t:ebgzzds Accuracy (%)

[2] 7 3 Symmetric triangle 15 590 77.12
[14] 3 7 72 732 78.03
[12] 5 5 Asymmetric trapezoid 6 768 85.10

[1] 3 4 Asymmetric Gaussian 6 768 77
[9] 1 - 10 590 79.32
[10] 53 8 Asymmetric triangle - 768 73.83

[13] 19 5 Asymmetric triangle 91 768 84
ez 2 4 Symmetric triangle 4 590 79.05

model
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the genetic algorithm has shown a high ability. In this
study, using a genetic-fuzzy hybrid method, a self-orga-
nizing rule extraction model was proposed for extracting
diagnostic rules. The PIMA diabetes dataset was used to
evaluate the proposed model. Based on this model, the
best single diagnostic rules for people without and with
diabetes were presented.

Based on the results, it can be concluded that the pro-
posed model with accuracy of 79.05, PPV of 70.83 and
NPV of 81.41% can be used as a promising general
model in medical data classification and diagnosis. The
small number of rules and their shortness are among the
important features of the proposed rules, which can be
easily evaluated and remembered by experts, along with
quick implementation.

One of the limitations of the study was the use of
public data and not evaluation of the proposed rules by
clinical experts. It is suggested that the proposed model
be implemented on local data and each of the extracted
rules be evaluated by clinical experts.
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