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ABSTRACT

Introduction: Type 2 diabetes mellitus is a significant global public health
problem affecting more than 285 million people worldwide. Evidence
suggests that lifestyle and other non-pharmacological interventions can
delay and even prevent the development of disease and its complications.
This disease should be effectively controlled because of its complications
including cardiovascular diseases, neuropathy, retinopathy, Kkidney
diseases and etc.

Material and Methods: In this research two fuzzy Multi-Criteria Decision
Making (MCDM) approaches including fuzzy TOPSIS and fuzzy Grey
Relational Analysis (GRA) methods are used to decide the significance of
each diabetes complications due to its main risk factors.

Results: In GRA method values of the first pair-wise comparison between
criterions were defined in interval-valued fuzzy numbers, this puts more
accuracy on the problem and the final ranking obtained from this method
was a little different in sorting and weights of alternatives compared to
fuzzy TOPSIS method.

Conclusion: It is a new view point of fuzzy MCDM methods to be used for
analysis of complications due to a specific disease.
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INTRODUCTION

Diabetes mellitus is one of the most common chronic diseases
worldwide and is associated with an increased morbidity and
mortality. Diabetes is characterized by chronic hyperglycemia
and alterations of cellular homeostasis which lead to diffuse
vascular damage [1]. Several risk factors are implicated in the
pathogenesis of diabetic complications and they can be either
modifiable (Glycemic control, hypertension, dyslipidemia, diet,
smoking) or non-modifiable (diabetes duration, age at onset,
puberty, genes).

In type 1 diabetes, the body's immune system destroys the cells
that release insulin, eventually eliminating insulin production
from the body. Without insulin, cells cannot absorb sugar
(glucose), which they need to produce energy.

Type 2 diabetes accounts for the vast majority of people who
have diabetes—90 to 95 out of 100 people. In type 2 diabetes,
the body isn't able to use insulin in the right way. This is called
insulin resistance. As type 2 diabetes gets worse, the pancreas
may make less and less insulin. This is called insulin deficiency
[“].

There are many risk factors for developing type 2 diabetes
including: high cholesterol, high blood pressure, obesity,
physical inactivity, smoking, family history, age and gender.
These factors may lead to type 2 diabetes or may exacerbate
the effects and complications in diabetic people. For example
obesity, which is now prevalent in most developed countries, is
a major risk factor which can develop to diabetes or exacerbate
the complications like cardiovascular diseases in diabetics.

In [7] all types of diabetes including type 2 diabetes which is
considered in this paper are discussed. The risk factors and
their importance on diabetes and diabetes related
complications with their importance are generally described.
These issues are also discussed in many other healthcare
websites [2-0] or specifically diabetes associations like
American Diabetes Association [7/], National Diabetes
Education Program [“], Joslin Diabetes Center [9], American
Heart Association [1 0] and etc.

In this paper, the information from resources mentioned above,
and also the expert’s opinion is necessary for filling some
matrices. However this available information is defined in
linguistic terms such as most important, major importance,
more likely, less likely and etc. these linguistic terms should be
changed with mathematical methods to be useable in all
numerical operations. In this paper fuzzy methods are
effectively utilized for this problem.

The problem of diabetes complications severity analysis is
looked as a decision problem in this research and a hierarchical
structure is made based on diabetes risk factors and its
complications. The final solution of this multi-criteria problem
is the ranking of diabetes complications based on their
importance and significance due to the probability of catching
between diabetic people. There is some level of uncertainty in
the importance of risk factors and severity of complications,
because these issues sometimes depend on individual or time
and place circumstances. To determine the pair-wise
comparison between main criterions or risk factors the expert
opinion or statistical data is needed. Sometimes it is not
possible to determine the exact values in the pair-wise
comparison matrix due to multiple reasons. In the scope of this
research there is some level of uncertainty in association with
risk factors importance. Sometimes the expert cannot say a
definite value as the importance ratio of two risk factors. It may

happen because one of the factors maybe a new discovered one
in a specific disease and the experts have not enough
information about it and its relationship with other factors yet,
so they cannot determine the exact ratio in this conditions.
Moreover sometimes making decision about these importance
ratios depends on a specific statistical data of patients from a
specific geographic area in a specific time period. In these cases
the problem should be represented by fuzzy approaches. Fuzzy
methods deal effectively with these types of issues. Here a fuzzy
TOPSIS and a fuzzy GRA method are used to determine the final
risk ranking of diabetes complications. The first pair-wise
comparison matrix is filled by triangular fuzzy numbers which
are determined based on the relative importance between
factors taken from related websites and expert’s opinion.

A new application of MCDM approaches is considered in this
paper for the first time. The introduced algorithms are hybrid
fuzzy Multi-Criteria decision making approaches including
Fuzzy TOPSIS and fuzzy GRA combinations with AHP used to
decide about the relative importance of specific disease
complications due to its risk factors.

As previously mentioned fuzzy MCDM approaches are needed
to decide the risk rating of diabetes complications. Here the risk
factors of diabetes disease are defined as criterions and the
associated complications as alternatives. The hierarchical
structure of problem is shown in Fig 1.

According to Fig 1, 8 criterions are considered in this paper
including high cholesterol, high blood pressure, obesity,
physical inactivity, smoking, family history, age and gender.
These criterions are defined as Ci1 to Cs and 5 alternatives
including neuropathy, retinopathy, cardiovascular diseases,
kidney diseases and foot ulcer and amputation are defined as
A1 to As in further sections.

Fuzzy TOPSIS is the first method as an effective way to
determine exactly the ranking of alternatives [11]. It takes
weight vector of criterions and a comparison matrix between
alternatives based on criterions called decision matrix, as input
values and produces an importance ranking vector of
complications as output. The process is programmed step by
step by R programming language. The problem is that here the
first weight vector of criterions is not specified so another
Fuzzy MADM approach that is not based on weight vector is
needed. AHP is a method which is not based on weight vector
of criterions and takes the first pair-wise comparison matrix
between criterions as input and produces the weight vector of
criterions [11].

In AHP method the pair-wise comparison matrix is a matrix of
triangular fuzzy numbers, because as mentioned before,
information about pair-wise comparison of criterions or risk
factors is available in linguistic terms and should be altered to
numeric values by fuzzy methods. So firstly a Fuzzy AHP
method is implemented on primary pair-wise comparison
matrix of criterions and after obtaining the weight vector of
criterions, this output is used by TOPSIS as one of its inputs.
The next fuzzy MCDM method included in this paper is fuzzy
GRA. Here for the first time, the application of fuzzy GRA in
determining the importance degree of complications of a
specific disease is implemented by R- programming and the
results are described. Like TOPSIS method, a fuzzy AHP method
is needed to determine the first weight vector of criterions as
one of GRA inputs.
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Diabetes complications risk analysis

diseases

High High blood . Physical . Family
cholesterol pressure Obesity inactivity Smoking history Age Gender
Neuropathy Retinopathy Cardiovascular Kidney diseases Foot ulcer and

amputation

Fig 1: Hierarchical structure of diabetes complications risk analysis problem

MATERIAL AND METHODS

The problem of diabetes complications risk analysis is
represented as a decision making problem in this research and
hybrid fuzzy MCDM methods are used to decide the final risk
ranking of diabetes complications. As it is shown in Fig 1,
diabetes risk factors including high cholesterol, high blood
pressure, obesity, physical inactivity, smoking, family history,
age and gender, are considered as criterions in this definition
and diabetes related complications including neuropathy,
retinopathy, cardiovascular diseases, kidney diseases and foot
ulcer and amputation, are alternatives.

By this new definition for this kind of problem, MCDM methods
can be effectively utilized to solve the problem.

Hybrid fuzzy TOPSIS method

Among MCDM methods AHP and TOPSIS are more prevalent
[12]. The difference of these two methods is that AHP is
independent of criterions weight vector but TOPSIS is a weight
based method. In this research both of methods are used
because the first weight vector of criterions is not specified so
it should be calculated by an AHP method and then be used as
an input value by a TOPSIS method.

AHP needs a pair-wise comparison between criterions; the
values of this matrix cannot be specified with high certainty,
because as the problem is related to diseases area, there is
some level of uncertainty in comparison between criterions
and alternatives. Sometimes in comparison between two risk
factors of a disease, there may be disagreements between
experts or a new risk factor for a specific disease may be
discovered and the experts cannot specify an exact value of
importance for these risk factors among others. In such
conditions fuzzy approaches are effective tools to deal properly
with these uncertainties. Here linguistic terms are turned into
triangular fuzzy numbers which are easy to be used and
represented in mathematical operations.

Values of this matrix are taken from five-point Likert type scale
of importance between two elements [ 1], and are shown in
Table 1. In the first phase of the Hybrid fuzzy TOPSIS algorithm,
a fuzzy AHP method is implemented on a pair-wise comparison
matrix, which is specified by experts and is taken from many
related articles and websites [i.e, /]. In the first step of AHP the
values of this matrix are specified as triangular fuzzy numbers.
All subsequent calculations are based on fuzzy operations (2).

Table 1: Five-point intensity scale for pair wise comparison
linguistic terms and related fuzzy numbers

The importance degree Fuzzy number
Equally important 111
Important (2,3,4)

More important (4,5,6)
Strongly more important (6,7,8)
Absolutely more important (8,9,10)

A triangular fuzzy number is defined by a triple (a.8,.8;) .The
membership function is defined as follows: [ 1]

(x—a,)/(a,—4a,) ifa, <x<a,

(a,-x)/(a, —a,) ifa, <x<a, (D

0, otherwise

Let 3=(a,,a,,a;) and b =(b,,b,,b,) be two triangular fuzzy

uz(X) =

numbers, where a, <a,<a;and b, <b, <b, the basic

Operations of triangular fuzzy numbers are defined as follows:

El)igdition

a®b=(a,a,,8,)®(b,b,,b;)=(a, +b;,a, +b,,a, +b,)

(2) Multiplication:

a®b=(a,,a,a,) ®(b,,b,,b;)=(a, xb;,a, xb, 8, xby) 5,
(3) Inverse

1 1 111

a (a,3,8;) a; a,
(4) Division

3/b=(a,a,a,)®—

(b,,b,,b;)
The pair-wise comparison matrix is shown in Table 2.

The first weight vector of criterions should be obtained from
Table 1. In the next step, the geometric mean of each row is
calculated according to (2) and the result is shown in (9).
After a normalization on the results shown in (9) according to
(3) the weight vector of criterions is gotten (Table 3).

g; =g/prod(x;) i=123..,.m j=123..,n (2

w
W =

norm n

=(a,/b;,a,/b,,a,/b,)

where n is the number of criterias (3)
W.

i
i=1
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Table 2: Pair-wise comparison matrix between criterions

c1 c2 c3 c4 c5 6 c7 cs
11 111
Cl| AL |Gy | G35 | 23| @34 | (456) | 234 | (678
2| 123 | @D (i,%,l) 234 | 456)| 678 | 456)| 678)
3| @234 123 | ALy | @56) | 678 | (8910) | (678) | (89,10
11 111 111
G| GyD| G| God| QLD | @34 | (456 | (234 | (678)
111 111 111 111
G| G353 G3? | G732 33 (1,1,1)) | (2,34) (1,2,3) (4,5,6)
111 111 1 1 1 111 111 1
6| G| G379 | God | G3d| Gz | QLD G @34
111 111 111 111 11
C7 233 52 7% 233 (5,5,1) (1,2,3) (1,1,1) (2,3,4)
111 111 1 1 1 111 111 111 111
@l G779 | G379 | God | G7d| G| Gz | G5 | GLD
Table 3: Normalized weight vector of criterions
Critria Weight 9, :s\/(% S PXE T DG XG5 23X WL X (234)
High cholesterol (0.083,0.146,0.256)
_ =2/(0.00086,0.0094,0.1249) = (0.41,0.55,0.77)
High blood pressure (0.142,0.237,0.395)
Obesity (0.220,0.353,0.543) \/1 11, 111, ,111_ 111, 111,111 111
e P Gy P o P g P Oty P R Y G P R K
Physical inactivity (0.066,0.109,0.188) 876 876 1098 876 654 432 432
Smoking (0.036,0.060,0.102) =2/(0.0000020,0.0000070,0.000036) = (0.194,0.22,0.27)
Family history (0.0187,0.029,0.050)
11 111 111
Age (0.026,0.045,0.082) 9, = (5,51)x(Z,gyg)x(g,gyz)x(Lll)x(2,3,4)x(4,5,6)x(2,3,4)x(6,7,8)
Gender (0.012,0.018,0.028) 9)
—2/(18432,119070,460800) = (3.41,4.31,5.10)

11 111
91:\/((lel)x(gv?l)x(zvéyi

=8/(7.992,104.895,1152) = (1.29,1.79,2.41)

g :\/(1,2,3)x(Ll,l)x(%%,l)x(Z,BA)x(4,5,6)><(6,7,8)><(4,5,6)><(6,7,8)
—3/(383.616,3675,27648 = (2.20,2.90,3.71)

0, =8/(23.4) % (12,3) < (LLL) x (4,5,6) x (6,7.8) x (6.9,10) x (6,7,8) x (89.10)

)% (1,2,3)x(2,3,4)x (4,5,6) x (2,3,4) x (6,7,8))

=2/(0.0104,0.0945,0.75) = (0.56,0.74,0.96)

9s =8\/(
—8/(1.3210.49,96) = (1.03.1.34,1.77)

111
Os _EB\/(Z'?E)X

—2/(0.00005,0.00031,0.0026) = (0.29,0.36,0.47)

~
X
—
0| =

x(

\_,
X
~
(S

)x(

ol
<

11 11
Yg,E) x (111 x (5,5,1) x(2,3,4)

~N| -
i

Slr
O
Q|-
(SR
N
FNRIE

[N
BN

(S

)X (55 2)x(

—~
(o2 RN

,%)x L10)x (2,3,4)x (12,3)x (4,5,6)

Wl

1
n

o

1
=

@ | =

11
5

8
Y g, =(9.38412.2115.46) W, = (10)

i1 z g;

Table 3 is the first input in the next phase of hybrid TOPSIS
algorithm. Another pair-wise comparison matrix between
criterions and alternatives is also needed as the second input in
TOPSIS method, which is shown in Table 5, values of this table
are also triangular fuzzy numbers which are taken from
Linguistic terms and related triangle fuzzy numbers for scoring
Table 4.

Table 4: Linguistic terms and related triangle fuzzy numbers for

scoring
The scores Fuzzy number
Lowest
" 00.3)
6
Very low 11
0,=,3)
63
Low (1 1 1)
6'3'2
Medium (l 1 2)
3'2'3
High 125
%39
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Very high 25
Y E2
36
Highest (31’1)
6
Hybrid Fuzzy GRA method

Grey Relational Analysis (GRA) [14, 15], is a helpful technique
in MCDM problems .It has been successfully applied in solving
a variety of MCDM problems. In this paper, for the first time, an
extended fuzzy GRA method is proposed to determine about
the importance degree of diabetes complications, in which the
criterion values are in the form of linguistic variables expressed
in interval-valued triangular fuzzy numbers.

In this approach, like the previous one, the first weight vector
of criterions should be taken from AHP.

The first pair-wise comparison matrix is changed based on
interval-valued fuzzy numbers before being used as input
matrix by fuzzy GRA algorithm.

Table 3 is the first input in the fuzzy GRA algorithm which is
previously calculated by fuzzy AHP algorithm. Another pair-
wise comparison matrix between criterions and alternatives is
also needed as the second input, like fuzzy TOPSIS algorithm,
this table is a matrix with triangular fuzzy numbers but there is
a difference here, in fuzzy GRA algorithm interval-valued fuzzy
numbers which is illustrated in Fig 2 are used instead of simple
triangular fuzzy numbers [10]. For each triangular fuzzy
number like (a,b,c) a decimal constant is added to upper and
lower bounds. This addition makes the bounds wider and as a
result, the decision is more accurate and the Uncertainty in the
context of the problem could be dealt more effectively. So firstly
the fuzzy numbers of Table 4 should be altered into interval-
valued fuzzy numbers which is shown in Table 6, and then this
matrix and weight vector of criterions (Table 3) are used as
input matrices by GRA algorithm.

Hx A

»
|

Fig 2: Interval-valued triangular fuzzy number definition

RESULTS

Hybrid Fuzzy TOPSIS algorithm

Table3 and Table 5 are inputs of a program written by R-
programming to obtain the final risk ranking of diabetes
complications or alternatives. The result of algorithm
implemented by R-programming is described with details:
Stepl. TOPSIS input matrices (Table 4 and Table 5) should be
prepared and saved according to following instructions:

A. Insert the weight vector into excel and save this document
as text (tab delimited format)

B. Insert the pairwise comparison matrix between criterias and
alternatives and save it as text (tab delimited format)

These excel inputs are then imported in Rgui which is asked by
name from the user in windows shown in Fig 3.

As a result the inputs are shown in editable tables in which the
user can add or remove fields and records or change the
contents (Fig 3).

Table 5: Decision matrix between alternatives based on criterions in TOPSIS algorithm

C1 Cc2 Cc3 C4 C5 Ccé c7 Cc8
ALL 05D | G| 639 | G| G| G| G| ©53
2| G| G| G| 05| GiID| G| G| Gi:
A3 G| GED| G| GeD| GeD | G| Gab| G3
Ml GeD| G| 63| G| G| GiP| G2?| Giz
A5 05D G| GaR | G| GpR| GiR| GiR| ©FP

Step2. Normalized fuzzy decision matrix calculation []:

In this step the values of decision matrix (Table 4) should be
normalized based on fuzzy arithmetic.

The normalization operation is as follows:

~

b Joen
R= @)

X..
Foo|— |,
! Zm:xz wherex; isatriangularfuzzynumber
= ") andi=1..mj=1..,n (5

The result normalized matrix is shown in Table 5.

Each triangular fuzzy number in Table 5 is denoted as (a, b, ¢)
in this operation and “i” index is changing from 1 to m (m is the
number of alternatives) and j is changing from 1 to n (n is the

number of criterions). The result matrix is shown in Table 6.

Step3. Weighted normalized fuzzy decision matrix calculation

[L1]:
This matrix is calculated as follows:

~

= Vij Imxn (7) \7ij :F;j X\ij ®)
W is the weight vector of criterions (Table 3) and each column
in Table 6 is multiplied by its related weight value. The result
matrix is shown in Table 7.
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Table 6: Normalized decision matrix in TOPSIS algorithm

(0,0.001,0.009)

(0.0006,0.002,0.01)

(0.0006,0.002,0.01)

(0.0006,0.002,0.01)

C1 Cz Cs Cs Cs Ce C7 Cs
A1 | (0,012,031) (0.10,0.26,0.54) | (0.30,0.48,0.79) | (0.31,0.54,0.91) | (0.18,0.34,0.61) | (0.11,0.31,0.69) | (0.20,0.40,0.74) | (0,0.26,1.15)
Az | (0.10,0.24,0.46) | (0.20,0.39,0.72) | (0.20,0.36,0.63) | (0,0.13,0.36) (0.27,0.46,0.77) | (0.23,0.46,0.91) | (0.20,0.40,0.74) | (0.17,0.53,1.73)
Az | (0.53,0.73,0.93) | (0.41,0.65,1.08) | (0.51,0.72,0.95) | (0.42,0.67,1.09) | (0.37,0.57,0.92) | (0.34,0.61,1.14) | (0.41,0.67,1.11) | (0.17,0.53,1.73)
A4 (0.42,0.61,0.93) (0.30,0.52,0.9) (0.10,0.24,0.47) | (0.10,0.27,0.54) | (0.27,0.46,0.77) | (0.23,0.46,0.91) | (0.20,0.40,0.74 (0.17,0.53,1.73)
As | (0,012,031) (0.10,0.26,0.54) | (0.10,0.24,0.47) | (0.21,0.40,0.73) | (0.18,0.34,0.61) | (0.11,0.31,0.69) | (0.10,0.26,0.55) | (0,0.26,1.15)
Table 7: Weighted normalized decision matrix in TOPSIS algorithm
(1 Cz Cs Ca Cs Ce Cy Cs

A1 (0,0.005,0.02) (0.004,0.01,0.06) (0.02,0.05,0.13) | (0.006,0.01,0.05) | (0.002,0.006,0.01) [0.0006,0.002,0.01) ((0.001,0.005,0.01)

Az (0.002,0.01,0.03) | (0.009,0.28,0.87) | (0.01,0.03,0.10) (0,0.004,0.02) | (0.003,0.008,0.02) | (0.001,0.004,0.01) |(0.001,0.005,0.01)

Az | (0.01,0.03,0.07) (0.01,0.04,0.01) | (0.03,0.07,0.16) |(0.008,0.02,0.06) | (0.004,0.01,0.02) | (0.002,0.005,0.01) [(0.003,0.009,0.02)

A4 | (0.01,0.02,0.07) (0.01,0.03,0.11) | (0.007,0.02,0.07) [0.002,0.009,0.03) | (0.003,0.008,0.02) | (0.001,0.004,0.01) {(0.001,0.005,0.01)

As (0,0.005,0.02) (0.004,0.01,0.06) |(0.007,0.02,0.07) |(0.004,0.01,0.04) | (0.002,0.006,0.01) [0.0006,0.002,0.01) [0.0008,0.003,0.01)

(0,0.001,0.009)

16

Step4. Fuzzy positive and negative ideal solutions [11]:
The positive and negative ideal solutions are calculated as
follows:

A ={V], V.., Vo }

_ {(maxvij | =L...,n)|i =1...,.m}
A ={v,,V,,....V, }

_ {(mlnvij“ :L...,n)| i=1..,m} (10)

For each column the maximum fuzzy number is selected as
the fuzzy positive ideal solution and the minimum one is
selected as the fuzzy negative ideal solution.

To find the maximum fuzzy number between many
triangular fuzzy numbers, firstly the decision is based on
right side of fuzzy number, then on middle side and at last
the left side and the reverse operation is happened for
minimum fuzzy number. Positive and negative ideal
solutions are shown in Table 8 and Table 9 respectively.

(9)

Table 8: Positive Ideal Solution for criterions (PIS) in TOPSIS

algorithm
Ci |C [Cs |Cs |Cs |Cs |C7 |Cs
_ _ _ _ _ _ _ _
o o o o o o o o
o o o o o o o o
= = @® =1 =] S S P
w L B © > n @ S
o o o o o o o =
o o o o o o o o
PIS @ = o > = IS} S =
L o« N n o o L =
o =3 =} o o o o e
o [ = o o o o
~ w a1 (=23 N = N
w ~ ~ wW O ~ (o2}
&L & L o &

Table 9: Negative Ideal Solution for criterions (NIS) in

TOPSIS algorithm
Ci|Co| C3| Cs| Cs| Cs Cr Cs

_ _

~ ~ ~ o =)

o o o o o

o o o o o
—~ o o — o o o —~
o > N o N o £ o
NIS | © =3 [ o o o o o
o o o o o o o o
o = N o o o o o
o © Roid » o » A =
o o o o o o o o
o o o o o o o o
[N D = ) = = = =
S o1 © = © (=} B (=}
E RS L = L e = e

Step 5: distances from positive and negative ideal solutions
calculation [11]:

j=1

4 =3 0,7)) an
j=1

d;:JZd(Vij,Vj’) (12)

For each alternative this distance is calculated based on a
fuzzy distance measurement. In this research two fuzzy
distance measurements are used separately in this step
and the results are obtained with both measurements.

The first measurement is arithmetic one in which the
distance between two fuzzy numbers is calculated based
on fuzzy subtraction. And the second one is integral
distance in which the distance is calculated based on (13).

o@m)=([flat ot + (@ -0 bz 03

d* and d- for arithmetic and integral distance
measurements are shown in Table 10 and Table 11,
respectively.
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Question

IName of data frame or matrix

weghtd
[

l“iE E oEl

IZ"T e e e o e & b & e e [

1] i G

Name of data frame or matrix

decisionMatrix

Fig 3: Input windows in Fuzzy TOPSIS and fuzzy GRA
methods in Rgui

Table 10: Distances from ideal solutions for alternatives
based on arithmetic distance measurement in TOPSIS
algorithm

A1 A2 Az A As

d" | 0.249 | 0.246 | 0.269 | 0.254 | 0.245

d | 0.182 | 0.170 | 0.245 | 0.183 | 0.150

Table 11: Distances from ideal solutions for alternatives
based on integral distance measurement in TOPSIS

algorithm
A1 Az As A As
d” | 0.0435 | 0.0436 | 0.0424 | 0.0437 | 0.0445

d | 0.04291 | 0.04259 | 0.04466 | 0.04295 | 0.04247

Step 6: closeness coefficient calculation [ 1]:
This value is calculated as follows for each alternative:

(14)

The results for both measurements are shown in Table 12
and Table 13 respectively.

Table 12: Closeness Coefficient for alternatives based on
arithmetic distance measurement in TOPSIS algorithm

A1 Az As A4 As

CC | 0.421 | 0.408 | 0.476 | 0.419 | 0.380

Table 13: Closeness Coefficient for alternatives based on
integral distance measurement in TOPSIS algorithm

A1 A2 As A As

CC | 0.4964 | 0.4939 | 0.5128 | 0.4952 | 0.4882

Step 7: final ranking:

The final ranking of alternatives is calculated according to
closeness coefficient values for both measurements (Table
14, Table 15).

Table 14: Normalized Closeness Coefficient and final ranking
for alternatives based on arithmetic distance measurement
in TOPSIS algorithm

As AL As Az As

Ranking | 0.226 | 0.200 | 0.199 | 0.193 | 0.180

Table 15: Normalized Closeness Coefficient and final ranking
for alternatives based on integral distance measurement in
TOPSIS algorithm

As AL A4 A As

Ranking | 0.2062 | 0.19964 | 0.19915 | 0.19863 | 0.19634

Hybrid Fuzzy GRA algorithm

In this paper another hybrid MCDM approach is
implemented on diabetes complications risk analysis, this
method is a combination of Fuzzy AHP and Fuzzy GRA
methods. Like the previous method, firstly a fuzzy AHP
method is used to obtain the first weight vector of
criterions (Table 3), which is one of the fuzzy GRA inputs.

The next input in this algorithm is the decision matrix
between criterions and alternatives which is shown in
Table 5. In this algorithm, fuzzy numbers on Table 5 are
changed to interval-valued triangular fuzzy numbers for
greater accuracy [ 0]. Here the constant number added to
fuzzy numbers bound is 0.1. So the decision matrix
between criterions and alternatives is altered to Table 16.
The result of algorithm implemented by R-programming is
described with details:

Step1l. Decision matrix normalization [1]:
The normalized performance rating can be calculated as:

wherex; isatriangularfuzzynumber
X ]l

~ ij

b= 7= ; andi=1..m j=1..,n
2
i=1

(15)
where, fis denoted as l(gij-gi;) h (|"_,|i’j)J, hence the

IARRTR

normalized decision matrix ﬁ can be obtained (Table 17).

Step2. Determining the reference series [10]:
The reference series can be defined as:

Ry = oy, T 1o ) = ([ L D)} [@D L @D, [LD L @D))
(16)

Step3. Distance from the reference value [10]:
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In this step the distance between reference value and each
comparison value is calculated as follows:

5 :\/1 [(gi'j )% +(h; -D)* + (1 —1)2]
3 (17)

1

2 2 2 2

5& ) :\/3[(gij -1) +(hij -1 +(Iij -1 ] (18)

This distance value is an interval value denoted as

5 = [5_(1) 5.@]
I LA . In this way information loss is less

than just converting immediately to a crisp value. At the

same time their maximum and minimum values could be
obtained as follows:

84 =max; 6.0 5% =max; &

P90 (19
ey =min; &3

5@ = min, 5 i=12..,m;j=12..n
(20)

The distance of each alternative from the reference series
is calculated and the result is shown in Table 18.

Step4. Grey relational coefficient calculation [16]:
These coefficients are calculated as follows:

@ _ O TS0 (21)
G = 5P +¢88,
5B 58 . . (22)
(2) _ “min _ -y
5” W,l 1,2,...,m,] —l,2,...,n
ij

The result is shown in Table 19.

Step5. Grey relational grade estimation [10]:

(l) _ZW éz(l) (23)

@ = ijgi]@, i=12..m (24)
j=1

By bringing the obtained weights from fuzzy AHP
algorithm (Table 3) into Eq. (23, 24), the grey relational
grade is gotten (Table 21).

Step 6. Defuzzification operation [ 1 /]:
In this step, values of Table 21 which are triangular fuzzy
numbers should be changed into crisp numbers because in
the next step they are going to be compared and used in
calculation of the likelihood of pair wise comparison
between alternatives and finally the goal is to gain a
ranking between 5 alternatives with deterministic values.
Here the most prevalent defuzzification method called
Centroid method is utilized. The Centroid of a fuzzy
number is calculated as follows:

S xuz(0)dy
YA =Treme @
This value is the integral of membership function of a fuzzy
number which is defined in (1).
Each triangular fuzzy number in Table 21 has a
membership function and after applying (25) on it, a crisp
value is obtained which is the Centroid point of the triangle
formed by fuzzy number on the axis.
The result on grey relational grades is as follows:

v = 05880 , y® =0.7210

YD = 05669 , ¥ =0.7083
“) =08101 , y¥ =0.9538
y4(1) =0.6603 , y¥ =0.7843
v = 05285 , v =0.6507
That is, the grey relational grades of the alternatives are
interval numbers [ ”]:
7, = [0.5880,0.7210],7, = [0.5669,0.7083]
75 = [0.8101,0.9538],7, = [0.6603,0.7843]
7s = [0.5285,0.6507]

Step7. Ranking of alternatives [10]:

Alternative As being not inferior to At is denoted by Ay >
A; . The likelihood of Ay = A, is defined and measured by
that of ¥; =y, , where ¥, and ¥, are corresponding grey
relational grade interval numbers of alternatives A andA4,,
respectively. Using the concept of likelihood for interval
numbers, the likelihood of A > A, for alternatives Ay
and A, can be determined as follows:

p(As = A) = p(¥Vs =2 V)

(2) (€8]
= maxi{1l —max Je T 0¢,0
L(Ys) + L(]/t)

Where 7 = 12,721, 7 = rov?1,

LG, = (2) 51) L) = [(2) _ t(l)'
Thus, the llkehhood matrix can be obtained and expressed
as follows:

Pux Pz Pim

P21 P22 D2
P = Dst)mxm = : :m

Pmi Pm2 - Dmm

where pg; = p(4s = 4.)(s,t = 1,2, ...,m) for alternatives
Ag andA;.
The likelihood matrix of 5 alternatives is calculated and the
result is as follows:
0.5 0.557 0 0.236 0.760
0.442 0.5 0 0.180 0.689

Pst)mxm = 1 1 0.5 1 1
0.763 0.819 0 0.5 1

0.239 0310 0 0 0.5
As the matrix P is a fuzzy complementary judgment matrix,

optimal degrees of membership for alternatives
Ai(i=1,2,..,m) can be defined as follows [1(]:

Vi m(m—l) <Zplr+( _1)>

Thus asortvector V = (V,V,, ...
be obtained:

Vi) of the alternatives can

V =(0.1777,0.1656,0.30,0.2291,0.1274)
Finally, a ranking of alternatives A4;(i =1,2,..,m)
according to vector V can be obtained:
A3(0.30) > 44(0.229) > A,(0.177) = A,(0.165)
> A5(0.127)

CONCLUSION

Multi-criteria decision making methods are effective tools
in variable problems especially when many alternatives
are available and the best one should be selected based on
many related criterions.

But in this paper, for the first time, a new application of
MCDM problems is considered. Two prevalent MCDM
approaches called TOPSIS and GRA methods were
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implemented on diabetes complications as alternatives
based on its risk factors as criterions and the final result is
a ranking of complications due to their significance and
importance between diabetics.

There is some level of uncertainty in the scope of research,
mainly in determining the first pair-wise comparison
between risk factors as criterions.

To dealing effectively with uncertainty of the problem, the
fuzzy versions of MCDM approaches mentioned above, was
utilized here.

Firstly a fuzzy TOPSIS algorithm implemented by R-
programming was utilized and based on different distance
measurements used; two different rankings were obtained
for 5 diabetes complications including: neuropathy,
retinopathy, cardiovascular diseases, kidney diseases and
foot ulcer and amputation. The sort of ranking for two
different distance measurements in fuzzy TOPSIS were the
same but with a little different in weights or ranking values
of alternatives. As it was expected the ranking based on
integral distance measurement is more accurate and the
values are so closed together.

Another fuzzy MCDM approach called fuzzy GRA method
was implemented by R-programming here. This method is
a more complicated one compared to fuzzy TOPSIS
method. In GRA method values of the first pair-wise
comparison between criterions were defined in interval-
valued fuzzy numbers, this puts more accuracy on the
problem and the final ranking obtained from this method
was a little different in sorting and weights of alternatives
compared to fuzzy TOPSIS method.

In both methods the most important complication in the
problem was cardiovascular diseases and this fact is
reasonable due to the first pair-wise comparison where
the most important risk factor was high cholesterol which
is a very important risk factor in heart problems.

The next important complication in fuzzy TOPSIS method
was neuropathy, which is affected by physical inactivity,
obesity and smoking. But in fuzzy GRA method, it was
kidney diseases which is affected by high blood pressure
and smoking. Generally, the results of GRA method,
because of higher levels of accuracy, were more accurate
according to the first comparison between risk factors and
the first weight vector of criterions obtained from fuzzy
AHP method.
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A
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A,
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0.641
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