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ABSTRACT

Gestational diabetes mellitus (GDM) is a kind of diabetes that
requires persistent medical care in patient self management
education to prevent acute complications. One of the common
and main problems in diagnosis of the diabetes is the
weakness in its initial stages of the illness. This paper intends
to propose an expert system in order to diagnose the risk of
GDM by using FIS model. The knowledge base was based
on the opinion of experts and also by using ANFIS model in
order to extract rules that based on real data. The data were
collected from the patient's file in a medical health care center
that contains effective risk factors in giving rise to GDM. The
effective factors consist of fast blood suger, weight and age
in the initial months of pregnancy and the output is the risk
of GDM in pregnant women . Based on the results , the level
of minimum square error in the fuzzy expert system was
calculated as 0.227. For diagnosis of illnesses such as
diabetes, in lack of accesses to experts ,one can rely on
intelligent softwares such as expert systems, wich can assist
the speedy and better diagnosis.
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1. INTRODUCTION

Diabetes means increase in the level of blood sugar.
Gestential diabet mellitus( GDM), for the first time is
diagnosed in the pregnancy and if it is not treated, mother and
child both are at the risk of various side effects. GDM is one
of the most common metabolic disorders during pregnancy
that often does not have any sign and a range of between 0,2
to 18.2 percent for its occurrence is reported. Hence, it is one
of the most common illnesses during pregnancy [7],[16].
This illness requires persistent medical care and it can be
avoided by training the patients and their self-management.
The main problem that currently exists in relation to this
dangerous illness is not being able to diagnose it on time or in
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general, weakness in its diagnosis in the initial stages.
Therefore, the patient realizes about the illness when it is
slightly late for treatment and control of the illness. Hence,
implementation of a method that can assist everyone in its
risk of occurrence, is a significant stage if prevention and
control of this illness, specifically in the initial stages of it.
This study attempts to find a method for timely detection
GDM and also alarm pregnant women to treat the illness
before reaching to the acute phase of the illness . This is
because if mother or child develop this illness there is no
treatment course for it and it will be a life-long illness for the
individual[2].

2. LITERATURE REVIEW

There are various researches and studies in diagnosis of the
illness , with the use of neural networks and expert systems
and many medical diagnostic expert systems in the literature:
like CLIPS ,MYCIN,Easy Diagnosis,PERFEX, INTERNIST-
I, ONCOCIN, DXplain, and PUFF[11],[12]. MYCIN was the
first well known medical expert system developed by
Shortliffe at Stanford University to help doctors, not expert in
antimicrobial drugs, prescribe such drugs for blood
infections. EasyDiagnosis is expert system software that
provides a list and clinical description of the most likely
conditions based on an analysis of your particular symptoms.
EasyDiagnoses focuses on the most common medical
complaints that account for the majority of physician visits
and hospitalizations. It has a poorly designed user-interface,
the user is required to answer a large number of questions
without any notion that gives him the feeling that his data is
accepted and will be diagnosed. PERFEX is a medical expert
system that support solving problems clinicians currently
have in evaluating perfusion studies. The heart of the
PERFEX system is the knowledge-base, containing over 250
rules. DXplain is a decision support system which uses a set
of clinical findings (signs, symptoms, laboratory data) to
produce a ranked list of diagnoses which might explain (or be
associated with) the clinical manifestations. PUFF is an
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expert system for the interpretation of pulmonary function
tests for patients with lung disease. PUFF was probably the
first Al system to have been used in clinical practice. we can
point out to the use of neural networks in diagnosis and
treatment of breast cancer in 2011[4] ,and neural networks
and genetic algorithm to identify the presences of
hypoglycemic episodes for TIDM (Type 1 diabetes mellitus)
patients in 2010[1]. Moreover, in order to diagnose blood
cancer, an expert system was offered with the use of vp-
expert in 2010 [17].In an article titled as ' diagnosis of the
diabetes 1 with the use of ANFIS and GA-NN algorithms', it
is attempted to examine the intelligent diagnosis of the
diabetes[13]. There are researches and studies in diagnosis of
diabete mellitus with the use of neural networks and expert
systems based on risk factors [14][15]. In an article in 2013,
titled as model construction of an expert system for diagnosis
of diabetes in pregnancy, based on risk factors, it has
examined the diabetes mellitus based on construction of an
expert system with the use of feedforward neural network[6]
,and in another article used ANN to forecasting The diabetes
mellitus , The back-propagation algorithm has been chosen
for learning and testing of data[3]. In this study the inputs are
different from the ones that are considered as effective factors
or risk factors in this paper . A fuzzy expert system for
diabetes decision support application,is an article in 2010.
This paper presents a novel fuzzy expert system for diabetes
decision support application. A five-layer fuzzy ontology, is
developed in the fuzzy expert system to describe knowledge
with uncertainty[8].

3. RESEARCH METHOD

Around thousand patients file between the years, 1388 to
1391 in a private specialist clinic were examined and among
these, four hundred and forty eight had complete information
from the beginning to the end of the pregnancy (the required
information consist of effective factors of blood sugar, weight
and age of pregnancy in the initial months of pregnancy and
also test results of Oral Glucose Challenge Test (OGCT)at
24-28 weeks of the pregnancy. After studying the patient's
file and extraction of required information and effective
factors, we have attempted to design an expert fuzzy system
and indicate the rules , by using the matlab software.
Characteristics of patient are considered as input of the
system and risk of developing GDM is determined as output
system
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Figl: Framework of fuzzy expert system(fis)
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Given the existing literature of the field with regard to the
existing effective risk factors in developing the illness and the
specialist opinion, three factors of blood sugar, age and
weight that are very important in the main medical texts, were
considered as inputs of the expert system[2].In order to make
the non-fuzzy variants (numerical) as fuzzy , gussian function
was used. The ranges of change in variants are as following:
The range of changes of entry variant of "fast blood sugar":
Fbs<92------ —>normal

92<Fbs<120---->warninig

Fbs>120--->dangerous
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Fig2: Range of fbs

the range of entry of weight:
Weight<80------ ->good
Weight>80------ —>danger
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The verbal variants , fuzzy number and risk of developing
GDM in output :
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By comparing these outputs with the result of (OGTT), the
correctness of system outputs can be examined.
The Evaluation Engine diagnoses the GDM Patient by the
following Screening process proposed by ADA
(American Diabetic Association) Method [6]:
Perform a 75-g OGTT, with OGTT, with plasma Glucose
measurement fasting and at 1 and 2h at 24-28

weeks of gestation in women not previously diagnosed
with overt diabetes. The OGTT should be performed in the
morning after an overnight fast of at least 8h. The diagnosis
of GDM is made when any of the following plasma glucose
values are exceeded:
* Fasting > 92 mg/dl (5.1 mmol/1)
* 1h > 180 mg/dl (10.0 mmol/1)
*2h > 153 mg/dl (8.5 mmol/l)

W

Extract rules

-t/

Fig6: system modeling proucider

An example of rules is as following:

Iffbsis & weightis  &ageis then------ —>diagnosis
is low risk
Iffbsis & weightis &ageis then------ —>diagnosis
is low risk
Iffbsis & weightis &ageis then------ —>diagnosis
is low risk
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In designing expert fuzzy system, the relevant knowledge
related to determining the inputs and output of the systems
and also the infrence rules were obtained by speaking to
specialist doctor and also using the knowledge of experts. The
extraction rules were obtained from the ANFIS mode(
sugeno). In anfis model, by using real data, the neuronal
network extracts the relevant parameters and rules based on
the data. Sugono model, ultimately assist us in extraction of
rules from the existing relations between input and output
data. In making the rules, we share the contradictions and
ambiguous points with the experts and make the necessary
corrections

In the output, for the data, values in the range between[ 0-
1] are considered, in which 1 means high risk of developing
the illness and zero means low level risk in developing GDM.
In this case, by multiplying the output percentage, we can
estimate the approximate risk of developing diabetes in the
initial stage of pregnancy.

output

Fig7: the relationship between inputs and output

This figure indicates the effect of change of two entry
variants of blood sugar and weight on the output .

4. CONCLUSION

Discussion and conclusion:

By entering the initial data to the expert fuzzy system and
comparing the obtained results with the real output, we can
examine the correctness of the results and their
generalizability. This was done in the case of 240 patients in
which the MSE error level was obtained as 0.227. The
glucose test result was positive for all those who were
examined in the initial stages of pregnancy and were in the
high risk stage, which means they have developed pregnancy
diabetes. Hence, in case of existence of a system to alert the
patient on time, it can be very useful and in these initial
stages, by taking a suitable food diet and ansolene, the
development of the illness can be prevented.

Therefore, for diagnosing illnesses such as diabetes, in
instances of lack of access to experts and specialist doctors, to
a reliable extend intelligent software such as expert systems
can be used for diagnosis of the illness, which can be used for
speedy and better diagnosis of the illness.

5. SUGGESTIONS

The entries in this study that are considered as effective
factors or risk factors are different from other local studies
(the studies undertaken in 2013). Examination of this issue
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requires more research over data from different areas and
comparing effective factors on their output results.

It

is recommended that expert system be used in other

illnesses and medical cases, in which early diagnosis and
treatment is important and in which there is a possibility of
replacing expert system with a doctor, in instances of lack of
access to doctor.

REFERENCES

1.

9.

10.

11.

12.

13.

14.

. Gurumurthy, S.

. Lakashmi,V

Chan,K.Y, et. al,(2010). ,, Classification of Hypoglycemic
Episodes for Type 1 Diabetes Mellitus based on Neural
Networks*, 978 - 1-4244-8126-2/10/ 26.00 . IEEE.

. Cunningham ,F. et al.(2009) .Williams Obstetrics .23rd

Edition.

. Farhanah,S.& Dannawaty Mohd,A.(2005). “Diabetes

mellitus forecast using artificial neural networks”, Asian
conference of paramedical research proceedings, 5-7,
Kuala Lumpur, MALAYSIA.

Balakrushna K . Tripathy, M. Priya
,(2011) ."Study of Image Recognition Using Cellular
Associated Artificial Neural Networks" . proceedings of
the International Multiconference of Engineers and
Computer Scientists -hong kong- IMECS,vol 1, 16-18

. H.Barakat,N.& P. Bradley,A.& H.Barakat,M . (2010)

“Intelligible support vector machines for diagnosis of
diabetes mellitus”, IEEE transaction on information
technology in Biomedicine, Vol. 14, No. 4.

& Prof..Padmavathamma (2013)
."Modeling an Expert System for Diagnosis of Gestational
Diabetes Mellitus Based On Risk Factors". IOSR Journal
of Computer Engineering (IOSRJCE) Department of
Computer Science, S.V. University, Tirupati. .\VVolume 8,
Issue 3 ,PP 29-32.

. Larijani,A .Azizi ,MB .Bastan Hagh, F.(2001). "The

Prevalence of Gestential Diabetes Mellitus in Yong
Women" .Iranian Jornal of Endocrinology and
Metabolism.  (Special International  Congress  of
Endocrinology), Volume 3. 635 .[Persian]

. Lee,C.S.& Wang,M.H.(2010) “A fuzzy expert system for

diabetes decision support application”, IEEE transactions
on systems, man and cybernetics.

[9] Patterson,D.W. “Introduction to Artificial Intelligence
& Expert Systems”

Rajeswari.K, Vathianathan.V, Gurumoorthy D. (2011).
“Modeling Effective Diagnosis of Risk Complications in
Type 2 Diabetes — A Predictive model for Indian
Situation” a paper published in European journal of
Scientific Research ISSN 1450-216X Vol.54 No.1,
pp.147-158

Riley,G (2005) . "A tool for building expertsystems"
www.ghg.net/clips/CLIPS html

Shorrtliffe  EH. (1976). " Computer-based Medical
Consultations: MYCIN". New York: Elsevier

Smitha V.(2010) ." An Expert System For Diabetes
Diagnosis " . Department of Computer Science .Christ
University Bangalore . (Roll No: 0935014)
Sreedevi,E.&Vijaya Lakshmi,K.& Chaitanya
Krishna,E.& Padmavathamma,M .(2012). “Modelling
effective diagnosis of risk complications in gestational
diabetes mellitus: an e-diabetic expert system for

252

15.

16.

17.

18.

pregnant women” published SPIE Proc. SPIE 8334,
833437.

Sumathy,P.& Mythili,P.& Jishnujit, TM .& Ranjith
Kumar.K. (2010). "Diagnosis of Diabetes Mellitus based
on Risk Factors” a paper published in IJICA,Vol.10,N0-4.
Tabatabae Molazi,O. at all.( 2002-2005)." Candida
Vaginitis and its Influencing Factors in women with
Diabetes Mellitus attending the diabetes clinic  of
dr.shariati hosbital" . Iranian Journal of Diabetes. vol 3
.no 1. 345 [persian].

Toloe Ashlaghi,A. Mohsen Tahery,S.(2010)."Design an
Expert System for Diagnosis and Recommended of Blood
Cancer  Treatment". (journals.tums.ac.ir).Health
Management. No 13,pp 41-50.[persian].

Viswanathan,V , Parthiban.M . “Gestational Diabetes &
Devices in DM”.IOSR Journal of Computer
Engineering.vol 8.Issue 3.


http://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22F.+Cunningham%22&source=gbs_metadata_r&cad=6

