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Abstract

Diabetes mellitus (DM) is emerging as a major public health problem in Saudi Arabia and this disease affects the Middle East in general.
The analytic hierarchy process (AHP) was performed to select the most appropriate oral hypoglycemic agent for use as a monotherapy
among newly diagnosed patients with type 2 diabetes. Eight important criteria resulted from the hierarchy structure: side effects, chronic
disease, background scientific evidence, age, weight, cost, education level, and gender. The involvement of these different factors reveals
that treating diabetes is a multi-criteria decision making (MCDM) problem. Thus, AHP was used because it is one of the most common
MCDM tools. This project developed a mathematical decision-making model that prioritizes the available medications for patients with
diabetes in terms of the aforementioned criteria. Oral type 2 diabetes medications (metformin, pioglitazone, sitagliptin, and glimepiride)
were ranked 1st, 2nd, 3rd and 4th, respectively; their weights were 48.42%, 24.47%, 13.61% and 13.50%, respectively. Thus, metformin
is recommended because it has the highest weight. Side effects were the most important factor affecting drug selection. The AHP pro-
vides an overall ranking to aid with final decisions. Unquestionably, the results of this project, or at least the proposed methodology,
facilitate the decision-making process, which is important because it assists the decision maker in determining which oral drug to choose

for newly diagnosed patients with diabetes.
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1. Introduction

Diabetes mellitus (DM) is a metabolic disorder with several etiol-
ogies. It is distinguished by chronic hyperglycemia with disturb-
ances in carbohydrate, fat and protein metabolism. It consequenc-
es from defects in insulin secretion, insulin action (resistance), or
both [1].

The development of DM management guidelines should be a
healthcare priority because this disease is common, serious and
costly. According to the Ad Hoc Diabetes Reporting Group, Saudi
Avrabia is a high-prevalence country (18%-30%) [2]. This condi-
tion often leads to numerous complications and results in a large
economic burden. Successful control is associated with reduced
morbidity and mortality rates. Saudi Arabia has the second highest
number of people with diabetes in the world, threatening approxi-
mately 4 million people in the Kingdom. In 1988, only 4% of the
population of Saudi Arabia was diagnosed with diabetes [3].

This study attempts to help doctors choose the most appropriate
treatment; this process is affected by several factors.

Numerous alternative medications are presently available to treat
diabetes. Because of the numerous participants involved in this
decision-making process, the selection of proper medication alter-
natives has become more difficult. Thus, we decided to select the
four most commonly used diabetes medications: metformin,
glimepiride, pioglitazone, and sitagliptin [4].

A selection of decision-making methods and tools are available to
support healthcare and medical decision making. The current pa-

per reviews and assesses the application of the analytic hierarchy
process (AHP), to select the most suitable medicine for patients
with diabetes.

2. AHP background

Developed by Saaty [5], [6], the AHP is one of several available
multi-criteria decision-making (MCDM) analysis methods. This
methodology is applied to structure, measure and synthesize.

This method allows the user to format problems in the form of a
hierarchy or a set of integrated levels such as the goal, criteria, and
alternatives. The main gain of the AHP is its use of pairwise com-
parisons to get a ratio scale of measurement. Ratio scales are a
natural method of comparing alternatives, and they allow the cal-
culation of both tangible and intangible factors.

The base of the AHP is composed of a set of axioms that define
the scope of the problem setting [7]. The AHP is based on the
clear mathematical structure of consistent matrices and the ability
of their associated right eigenvectors to calculate exact or approx-
imate weights [8-10]. The AHP compares criteria (or alternatives
to a criterion) in a natural, pairwise fashion. In this process, the
AHP uses a basic scale of absolute numbers, which has been prov-
en in practice and validated by physical and decision-problem
experiments. The basic scale captures individual preferences in
terms of quantitative and qualitative attributes [9, 10]. It converts
individual preferences into ratio scale weights that can be shared
into a linear additive weight (w[a]) for each alternative. The result
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can be used to compare and rank the alternatives and, hence, to
assist the decision maker in their task. Given that these three basic
steps are reasonable descriptors of how an individual naturally
resolves a MCDM problem, the AHP is both a descriptive and
prescriptive decision-making model. The AHP is perhaps the most
widely used decision-making approach today. Its validity is based
on the great number of actual applications in which AHP results
were accepted and used by decision makers [11].

An important advantage of the AHP is that it allows for incon-
sistency in judgment. Other advantages and disadvantages of the
AHP are extensively described and debated in the literature. For
example, a series of articles in management science [12—16] com-
pares the AHP with multi-attribute utility theory.

3. The AHP in medicine

Many research have discussed the use of the AHP across a broad
range of health and medical decision-making applications. Hatcher
[17] illustrated how the AHP can be included within a group deci-
sion support process (GDSP) and how the resulting system can be
applied in several healthcare decision-making settings. Sloane [18]
discussed the applicability of the AHP for medical and hospital
decision support.

According to Liberatore, R.L. Nydick [19] evaluated 50 articles
that addressed AHP applications in medicine. The greatest number
of articles was related to project and technology evaluation and
selection (14), followed by substantial activity in patient participa-
tion (9), therapy/treatment (8), and healthcare evaluation and poli-
cy (8).

Selecting the most appropriate oral hypoglycemic agent as

The AHP has been used to evaluate and select medical treatments
and therapies. This work did not involve the patient in the deci-
sion-making process. For example, Dolan [20] provided a detailed
review of the theoretical foundations and methodologies of the
AHP using the treatment of a dog bite wound as a motivating ex-
ample. Dolan [20] applied the AHP to select an antibiotic regimen
to treat a young woman hospitalized with acute pyelonephritis
(kidney infection). The treatment alternatives included seven in-
travenous antibiotic regimens, and the criteria were maximizing
the cure, minimizing the adverse effects (three categories), mini-
mizing the cost, and minimizing resistance.

4. Data collection

A questionnaire was developed to collect the data. Four doctors
completed the questionnaire. Next, the data was analyzed and the
AHP is applied.
The AHP technique was performed to select the most appropriate
oral hypoglycemic agent as a monotherapy for newly diagnosed
patients with type 2 diabetes. The following eight criteria resulted
from the hierarchy structure.

. Age (above 40 years old)
Weight
Gender
Education level
Background scientific evidence (for doctors)
Chronic disease
Cost
Side effects (e.g., hypoglycemia)

monotherapy for diabetes level 0
— v Y =S G Backgrownd| ( . . ([
Old age Weigh Gender Lducgﬂon scientific (_hronlc Cost Side effects level 1
Level diseases
S - _ J | e\'lde_nce i ) =
Metformin ‘ Glimepiride Rloghtazins Sitagliptin level 2

Fig 1 show the final structure of the AHP model. Two related
questions exist for this model development, including all level 1
and 2 hierarchy questions.

Four doctors who served as internal medicine consultants at the
Department of Medicine, King Abdulaziz University answered
these questions. Table 1 shows the types of questions used for data
collection.

5. Model application

In this section, we review in detail how we can solve MCDM
problem concerning selecting the most appropriate oral hypogly-
cemic agent as a monotherapy for newly diagnosed patients with
diabetes type 2 using the AHP.

Fig. 1: The Final Structure of the AHP Model.

Fig. 2 shows the final model after it was divided into several lev-
els ranging from the Level 0 goal to the Level 2 alternatives.

Table 1: Types of Questions Used For Data Collection

. Possible
No.  Question Category y V—
Scale
1 How much more important do you For the ranging
think Factor 1 is than Factor 2? criteria from
1-9
Regarding the specific criterion, how For the f::;]?ng
2 much more do you think Alternative 1 -
- - : alternatives  from
will contribute than Alternative 2? 1-9
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Fig. 2: The AHP Model Levels.

Model Levels: Level 0 represents the analysis goal used to select
the most appropriate oral hypoglycemic agent as a monotherapy
for newly diagnosed patients with type 2 diabetes. The second
level (Level 1) involves following multi-criteria: age, weight,
gender, education level, background scientific evidence, chronic
disease, cost, and side effects.

The third level (Level 2) represents the alternatives (i.e., metfor-
min, glimepiride, pioglitazone, and sitagliptin).

Determining how to calculate each level will be discussed in detail
in the following next sections.

6. Criteria Importance

As shown in Fig. 2, Level 1 has one comparison matrix that corre-
sponds to pairwise comparisons among 8 factors (i.e., age, weight,

gender, education level, background scientific evidence, chronic
disease, and side effects) with regard to the goal. Thus, the com-
parison matrix of Level 1 is 8x8.

Table 2 shows the criteria comparison matrix. Dr. 1 completed the
upper triangular matrix as follows. We begin by comparing factors
for age and weight. Dr. 1 strongly preferred age to weight when
choosing a treatment; however, he rated age as equally significant
to gender. Finally, he strongly preferred age to education level
when choosing a treatment.

Table 2: The Level 1 Criteria Scores (Dr. 1).

AGE WEIGHT GENDER EL BSE CD COST SE
AGE 1.00 7.00 1.00 7.00 0.13 1.00 4.00 0.20
WEIGHT 0.14 1.00 1.00 0.33 1.00 0.20 1.00 0.17
GENDER 1.00 1.00 1.00 1.00 0.13 0.20 1.00 0.20
EL 0.14 3.00 1.00 1.00 0.13 0.20 0.33 0.14
BSE 8.00 1.00 8.00 8.00 1.00 1.00 8.00 0.33
CD 1.00 5.00 5.00 5.00 1.00 1.00 5.00 4.00
COST 0.25 1.00 1.00 3.00 0.13 0.20 1.00 0.14
SE 5.00 6.00 5.00 7.00 3.00 0.25 7.00 1.00
SUM 16.54 25.00 23.00 32.33 6.50 4.05 27.33 6.19

EL: Education level

BSE: Background scientific evidence
CD: Chronic disease

SE: Side effects

In addition, Dr. 1 strongly preferred background scientific evi-
dence to age, although rated age as equally significant compared
with the chronic disease factor. He strongly preferred age to cost
when choosing a treatment.

Dr. 1 considered weight as equally significant to gender but mod-
erately preferred education level to weight when choosing a treat-
ment. He rated the weight, background scientific evidence, and
cost factors as equal, but he strongly preferred the chronic disease
factor to the weight factor when choosing a treatment. Dr. 1 rated
gender and education level as equal when choosing a treatment.
He strongly preferred background scientific evidence to gender
when choosing a treatment. Dr. 1 also strongly preferred the
chronic disease factor to the gender factor but rated gender and
cost as equal when choosing a treatment. He strongly preferred the
background scientific evidence and chronic disease factors to edu-
cation when choosing a treatment. However, Dr. 1 moderately
preferred cost to education when choosing a treatment. Dr. 1 rated

the background scientific evidence and chronic disease factors as
equal, although he strongly preferred the former factor to cost
when choosing a treatment. He strongly preferred the chronic
disease factor to the cost factor, and strongly preferred the side
effects factor to age when choosing a treatment. Furthermore, he
strongly preferred the side effects factor to weight when choosing
a treatment. He also strongly preferred the side effects factor to
gender, and he strongly preferred the side effects factor to educa-
tion level when choosing a treatment. He moderately preferred the
side effects factor to the background scientific evidence factor but
moderately to strongly preferred the chronic disease factor to the
side effects factor when choosing a treatment. Finally, he strongly
preferred the side effects factor when choosing a treatment.

The method of calculating the weights for each criterion within the
same level is shown below.

Level 1:

Calculate the total for each column in the comparison matrix.
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Divide each summation score in the column to form a new matrix.
Calculate the average summation of each raw score in the new
matrix to provide the priority vector “the weights of each criteri-
on”. Table 3 shows the new matrix after the weights were calcu-
lated.

7. Consistency ratio (CR)

The method of calculating the CR for each criterion within the
same level is shown below.

Level 1:

We multiplied the weight column using the Level 1 matrix shown
in Table 2.

We obtained the new matrix shown in Table 4.

Table 3: The New Level 1 Matrix after the Weights were Calculated (Dr. 1).

AGE WEIGHT GENDER EL BSE CD COST SE WEIGHTING
AGE 0.06 0.28 0.04 0.22 0.02 0.25 0.15 0.03 0.13
WEIGHT 0.01 0.04 0.04 0.01 0.15 0.05 0.04 0.03 0.05
GENDER 0.06 0.04 0.04 0.03 0.02 0.05 0.04 0.03 0.04
EL 0.01 0.12 0.04 0.03 0.02 0.05 0.01 0.02 0.04
BSE 0.48 0.04 0.35 0.25 0.15 0.25 0.29 0.05 0.23
CD 0.06 0.20 0.22 0.15 0.15 0.25 0.18 0.65 0.23
COST 0.02 0.04 0.04 0.09 0.02 0.05 0.04 0.02 0.04
SE 0.30 0.24 0.22 0.22 0.46 0.06 0.26 0.16 0.24
Table 4: The Result of Multiplying the Weight Column by the Level 1 Matrix.
AGE WEIGHT GENDER EL BSE CD COST SE
AGE 0.131 0.323 0.039 0.269 0.029 0.233 0.160 0.048
WEIGHT 0.019 0.046 0.039 0.013 0.233 0.047 0.040 0.040
GENDER 0.131 0.046 0.039 0.038 0.029 0.047 0.040 0.048
EL 0.019 0.138 0.039 0.038 0.029 0.047 0.013 0.034
BSE 1.045 0.046 0.312 0.307 0.233 0.233 0.320 0.080
CD 0.131 0.231 0.195 0.192 0.233 0.233 0.200 0.959
COST 0.033 0.046 0.039 0.115 0.029 0.047 0.040 0.034
SE 0.653 0.277 0.195 0.269 0.700 0.058 0.280 0.240

We calculated the sum of each row as shown in Table 5.

Table 5: The Crs of All Questionnaires

Table 7: The Average Weight for All Criteria for Drs. 1, 3, and 4

Sum Sum/Weight DR.1 DR.3 DR. 4 WEIGHTS
11.2523 9.422389699 AGE 0.1307 0.0472 0.1159 0.0979
9.777815 10.32384872 WEIGHT 0.0461 0.0337 0.1661 0.0820
14.2527 10.69998553 GENDER 0.0391 0.0246 0.0140 0.0259
13.95566 9.325866381 ED 0.0384 0.0882 0.0386 0.0551
10.08592 11.04379513 BSE 0.2333 0.1083 0.1490 0.1635
14.39608 10.19127439 CcD 0.2329 0.2483 0.2616 0.2476
10.21705 9.58225627 COST 0.0400 0.1277 0.0475 0.0717
0.316722 11.14699159 SE 0.2397 0.3220 0.2074 0.2563
We divided the sum of the column by the weight of the columnto _SUM 1.0000 1.0000 1.0000 1.0000

find the average of that column (Amax) as shown in Table 6.

Table 6: The Crs for All Questionnaires

Dr. 1 Dr. 2 Dr. 3 Dr. 4

CR 0.225 0.653 0.254 0.253

We found the average of the new column in the last step.

We found the consistency index (Cl) using the following formula:
CI = (Amax - n)/(n - 1), where n = 8 (number of factors) and Amax
=10.21705 (the average of the summed column).

Finally, we applied this formula to find the consistency ratio (CR):
CR = I/RI, where the random index (RI) = 1.41.

Table 5 shows the sum of the each row in the matrix of Table 4
and the result of dividing the sum column by the weight column.
Where CI = (Amax - n)/ (n - 1),

n = the number of criteria, and

Amax = 0.21705 (the average of the sum column).

Then, CI = (10.21705 - 8)/7 = 0.316721566.

Finally, CR = CI/RI = 0.316721566/1.41 = 0.224625224.

This method was used to calculate the CR, and we repeated this
calculation for the other three questionnaires. The results are
shown in Table 5.

Typically, the acceptable CR range is 10%; based on our results,
however, we decided to increase it to 25%. Therefore, we elimi-
nated the results of Dr. 2 because the CR was 65.3%. Table 7
shows the final weights for all criteria for Drs. 1, 3, and 4.

8. Evaluation of alternatives

Evaluation of Alternatives for Dr. 1: Our AHP model has 4 choice
“alternatives” and 8 factors; each choice is connected to each fac-
tor. Therefore, we generally have eight 4x4 comparison matrices.
As Table 8 shows, we began by examining age and comparing
metformin with glimepiride. Dr. 1 strongly preferred metformin to
glimepiride. Dr. 1 used the number 8, which corresponds to “very
strongly to extremely strongly preferred”. Thus, we conclude that
metformin is preferred 8-fold over glimepiride.

Table 8: The Comparison Matrix for the Old Age Factor for Dr. 1

Age ME GL Pl Sl
ME 1.00 8.00 5.00 5.00
GL 0.13 1.00 0.20 0.25
PI 0.20 5.00 1.00 1.00
Sl 0.20 4.00 1.00 1.00
SUM 1.53 18.00 7.20 7.25
ME: metformin

GL: glimepiride

PI: pioglitazone

Sl: sitagliptin

Next, Dr. 1 compared metformin with pioglitazone. He preferred
metformin to pioglitazone by 4-fold.

Then, Dr. 1 compared metformin with sitagliptin and preferred the
former by 4-fold.
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In addition, Dr. 1 compared glimepiride with pioglitazone. He
strongly preferred pioglitazone to glimepiride by 5-fold.

Next, Dr. 1 compared glimepiride to sitagliptin, strongly prefer-
ring the latter to the former by 4-fold.

Finally, Dr. 1 considered the remaining pairwise comparison,
pioglitazone and sitagliptin. He rated pioglitazone as equal to
sitagliptin (i.e., a score of 1).

The upper left-hand corner of the pairwise comparison matrix
compares metformin with itself with regard to old age. When any
factor is compared with itself, the evaluation scale must be 1, rep-
resenting no difference in preference. Thus, we placed the number
1 in the upper left corner, which compares metformin with itself.
The same process is true when comparing glimepiride, pioglita-
zone, and sitagliptin with themselves. Each of these comparisons
also received a score of 1, which represents the drugs being equal-
ly preferred. For the remaining calculations, see Appendix X.

By following the same mathematical terminology of the criteria to
obtain the final weights in Section 3.3.1, we were able to deter-
mine the score of each alternative by each criterion. Table 9 shows
the comparison matrix of the scores for all of the alternatives after
they had been calculated for the old age factor. For the remaining
calculations for Dr. 1, see Appendix X. For the calculations for
Drs. 3 and 4, see Appendices Y and Z, respectively.As Table 9
shows, the factor evaluation scores for metformin, glimepiride,
pioglitazone, and sitagliptin were 0.621, 0.050, 0.171, and 0.158,
respectively.

Table 9: The new matrix for the old age factor for Dr. 1

As Table 13 shows for Drs. 1, 3, and 4, the factor evaluation
scores for metformin, glimepiride, pioglitazone, and sitagliptin
were 0.5201, 0.1337, 0.1748, and 0.1748, respectively.

Table 13: The Evaluation for Education Level for Drs. 1, 3, and 4

EDUCATION LEVEL  DR.1 DR. 3 DR. 4 AVG

ME 0.6437 0.6667 0.2500 0.5201
GL 0.0399 0.1111 0.2500 0.1337
Pl 0.1634 0.1111 0.2500 0.1748
Sl 0.1530 0.1111 0.2500 0.1714

As Table 14 shows for Drs. 1, 3, and 4, the factor evaluation
scores for metformin, glimepiride, pioglitazone, and sitagliptin
were 0.5533, 0.1362, 0.2003, and 0.1102, respectively.

Table 14: The Evaluation for BSE for Drs. 1, 3, and 4

B.S.E DR. 1 DR. 3 DR. 4 AVG

ME 0.4654 0.7000 0.4944 0.5533
GL 0.0443 0.1000 0.2642 0.1362
PI 0.3804 0.1000 0.1207 0.2003
Sl 0.1100 0.1000 0.1207 0.1102

As Table 15 shows, the factor evaluation scores for metformin,
glimepiride, pioglitazone, and sitagliptin were 0.5747, 0.1307,
0.1825, and 0.1121, respectively.

Table 15: The Evaluation for Chronic Disease for Drs. 1, 3, and 4

Age ME GL Pl Sl Scores
ME 0.6557 0.4444 0.6944 0.6897 0.6211
GL 0.0820 0.0556 0.0278 0.0345 0.0499
Pl 0.1311 0.2778 0.1389 0.1379 0.1714
Sl 0.1311 0.2222 0.1389 0.1379 0.1575

CHRONIC DE. DR.1 DR.3 DR. 4 AVG

ME 0.6039 0.4762 0.6440 0.5747
GL 0.0797 0.1230 0.1894 0.1307
Pl 0.2222 0.2421 0.0833 0.1825
Sl 0.0942 0.1587 0.0833 0.1121

9. Evaluation of alternatives for all doctors

As Table 10 shows, the average factor evaluation scores for met-
formin, glimepiride, pioglitazone, and sitagliptin were 0.604,
0.1816, 0.1130, and 0.1012, respectively. Thus, metformin is the
most appropriate drug for older patients. As Table 11 shows, the
average factor evaluation scores for metformin, glimepiride,
pioglitazone, and sitagliptin were 0.6687, 0.1096, 0.1198, and
0.1019, respectively. Thus, metformin is the most appropriate drug
regarding weight.

Table 10: The Evaluation of the Old Age Factor for Drs. 1, 3, and 4

As Table 16 shows, the factor evaluation scores for metformin,
glimepiride, pioglitazone, and sitagliptin were 0.6154, 0.2317,
0.0793, and 0.0736, respectively.

Table 16: The Evaluation for Cost for Drs. 1, 3, and 4

COST DR.1 DR.3 DR. 4 AVG

ME 0.6842 0.5475 0.6146 0.6154
GL 0.1594 0.3060 0.2297 0.2317
Pl 0.1016 0.1015 0.0347 0.0793
Sl 0.0548 0.0450 0.1210 0.0736

As Table 17 shows, the average factor evaluation scores for met-
formin, glimepiride, pioglitazone, and sitagliptin were 0.1946,
0.1039, 0.4937, and 0.2078, respectively. Thus, pioglitazone is the
most appropriate drug to treat side effects.

Table 17: The Evaluation for Side Effects for Drs. 1, 3, and 4

SIDE EFFECT DR. 1 DR.3 DR. 4 AVG

ME 0.4808 0.0591 0.0440 0.1946
GL 0.0661 0.1268 0.1189 0.1039
Pl 0.2928 0.5893 0.5989 0.4937
Sl 0.1603 0.2248 0.2382 0.2078

AGE DR. 1 DR. 3 DR. 4 AVG
ME 0.6211 0.6459 0.5458 0.6042
GL 0.0499 0.2058 0.2889 0.1816
Pl 0.1714 0.0881 0.0794 0.1130
Sl 0.1575 0.0602 0.0860 0.1012
Table 11: The Evaluation of Weight for Drs. 1, 3, and 4

WEIGHT DR.1 DR. 3 DR. 4 AVG
ME 0.6044 0.7000 0.7018 0.6687
GL 0.0507 0.1000 0.1780 0.1096
Pl 0.1992 0.1000 0.0601 0.1198
Sl 0.1456 0.1000 0.0601 0.1019

As Table 12 shows for Drs. 1, 3, and 4, the factor evaluation
scores for metformin, glimepiride, pioglitazone, and sitagliptin
were 0.5064, 0.1376, 0.1835, and 0.1724, respectively.

Table 12: The Evaluation of Gender for Drs. 1, 3, and 4

Table 18 shows the factor evaluation for old age, and Table 17
shows the Random Index RI.

Table 18: The Factor Evaluation for Old Age

Factor ME GL Pl Sl

Age 0.6211 0.0499 0.1714 0.1575

Table 19: The Rl Number Functions

RI

GENDER DR. 1 DR. 3 DR. 4 AVG

ME 0.5692 0.7000 0.2500 0.5064
GL 0.0629 0.1000 0.2500 0.1376
Pl 0.2006 0.1000 0.2500 0.1835
SI 0.1673 0.1000 0.2500 0.1724

0.00
0.58
0.9

112
1.24
1.32
141

O ~NO O~ WN S
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10. Determining the consistency ratio

To calculate the consistency ratio CR, we began by computing the
weighted sum vector by multiplying the score of metformin times
the first column of the original pairwise comparison matrix. We
multiplied the second score by the second column and the third
score times the third column of the original matrix of pairwise
comparisons. Then, we summed these values over the following
rows.

(0.621 x 1) + (0.0499 x 8) + (0.1714 X 5) + (0.1575 X 5)

[(0.6211 X 0.13) + (0.049 x 1) + (0.1714 X 0.20) + (0.157 x 0.25)

[ (0.6211 % 0.20) + (0.0499 x 5) + (0.1714 x 1) + (0.1575 x 1) |
(0.6211 x 0.20) + (0.0499 x 5) + (0.1714 x 1) + (0.1575 x 1)

2.666
0.201
0.703
0.653

Weight sum vector =

The next step was to determine the consistency vector by dividing
the weighted sum vector by the previously determined score val-
ues.

2.666/0.621171 [4.292
0.201/0.0499( |4.029
0.703/0.1714( ~|4.100]|
0.653/0.1575] 14.145

Consistency vector =

11.  Computing A and the consistency index

After calculating the consistency vector, we computed the values
for two more terms (A and the CI) before the final CR can be de-
termined. The value for A is simply the average value of the con-
sistency vector.

The formula for Cl is as follows:

Cl= Amax— n’
n-1

Where n is the number of alternatives being compared. In our case,

n = 4 for the four DM medications compared. The results of the

calculations are as follows:

A=(4.292 +4.029 +4.100 + 4.145)/4

=3.30772, and

Cl= Amax—n — 4142 — 4
n—-1 3

=.047.

12, Computing the consistency ratio

Finally, we were able to compute the CR. The CR is equal to the
Cl divided by the RI, which is determined from a table. The Rl is
a direct function of the number of alternatives considered. This
table was followed by the final calculation of the CR:

In our case,

crR=% =0.052.
RI

The CR determines the consistency of our answers. The judgment
of whether the decision is consistent is related to the CR value. If
this value is greater than 0.1, then we are less consistent; if it is
less than 0.1, then we are more consistent. In our project, however,
we increased the value of the CR to 0.25. As shown from the
analysis, we are less consistent with our responses. Thus, our orig-
inal assessments of the pairwise comparison matrix appear to be
less consistent.

Table 20 displays the CR for all criteria for Drs. 1, 3, and 4; note
that all of the values are less than the acceptance level of the deci-
sion maker’s judgment, except for the CR associated public sector
support. Therefore, we conclude that our original assessments of
the pairwise comparison matrices for the remaining criteria are
consistent, and the CRs that we computed support our observa-

tions.

Table 20: The Crs for All Criteria for Drs. 1, 3, and 4

CRITERIA DR. 1 DR. 3 DR. 4
AGE 0.052 0.21 0.055
WEIGHT 0.035 0.096 0.035
GENDER 0.053 0.000 0.053
EL 0.181 0.000 0.181
BSE 0.057 0.093 0.000
CD 0.112 0.077 0.094
COST 0.121 0.060 0.162
SE 0.132 0.240 0.170

Although the calculations to compute the CR are fairly complex,
they are an important step in using the AHP.

13.  Overall ranking for each doctor

After conducting the pairwise comparisons for the criteria and
alternatives as well as calculating the criteria weights and alterna-
tives scores for each doctor, the next major step was to calculate
the overall rank for each alternative for each doctor. The method
for calculating the overall rank includes forming the overall score
matrix by collecting scores by each criterion, for each medication,
and for each doctor (here shown for Dr. 1; see Table 21).

Table 21: The Final Weights for All Criteria

CRI- AG WEIG  GEN- BS CO

TERIA E HT DER EL E oD ST =15
WEIGH 0.1 00 02 02 0.2
T a1 0.046 0.039 38 33 33 0.04 4

Use the final weights for each criterion to determine the overall
weighted score for each treatment. Table 22 shows the final
weights for the criteria at all levels.

Table 22: The Overall Scores by Each Criterion for Each Medication (Dr.

1)

R = o F o s
VE O o oseg 004 0% 00 068 048
GL 8'05 0051  0.063 8'04 204 8'08 8'15 2'06
P O 1 oay 01 0% 02 010 09
S 035 g5 o 015 011 009 005 0o

Then, multiply the scores in Table 21 by the weights in Table 22.
Table 23 shows the results.

Table 23: The Overall Rank for All Medications for Dr. 1.

Diabetes Medication Weighted score

ME 0.5477
GL 0.0640
Pl 0.2604
Sl 0.1279

As shown in Table 23, metformin received the highest ranking,
and Dr. 1 selected it as the most appropriate type 2 diabetes medi-
cation.

After conducting the previous steps for Drs. 1, 3, and 4, we aver-
aged their weights (see Table 24).
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Table 24: The Average Weight for All Criteria Drs. 1, 3, and 4

DR. 1 DR. 3 DR. 4 AVG
AGE 0.1307 0.0472 0.1159 0.0979
WEIGHT 0.0461 0.0337 0.1661 0.0820
GENDER 0.0391 0.0246 0.0140 0.0259
EL 0.0384 0.0882 0.0386 0.0551
BSE 0.2333 0.1083 0.1490 0.1635
CD 0.2329 0.2483 0.2616 0.2476
COST 0.0400 0.1277 0.0475 0.0717
SE 0.2397 0.3220 0.2074 0.2563

Then, we found the overall scores by each criterion for each medi-
cation (Table 25).

Table 25: The Overall Scores against Each Criterion for Each Medication

’QG :QVTE'G SEE' EL BSE CD ?OS SE
MOS0 om0 osow G GF oo 0 0
S U0 owm s 3 U 0 03 o
S omor o ST G003 T 0
Sl (1)'210 0.0973  0.1724 (1)'417 8'211 (2)'111 ggﬁ (7)'820

Then, we multiplied the average weights in Table 24 by the scores
in Table 25. Table 26 shows the results.

Table 26: The Overall Rank for All Oral Diabetes Medications

Diabetes medication Weighted score

ME 0.4842
GL 0.1350
Pl 0.2447
SI 0.1361

As shown in Table 26, metformin received the highest ranking,
and it was selected as the most appropriate type 2 diabetes medi-
cation.

14. Discussion

As Table 27 shows, the internal medicine consultants ranked all
criteria to select the most appropriate oral hypoglycemic agent as a
monotherapy for patients with type 2 diabetes. Specifically, side
effects, chronic disease, background scientific evidence, age,
weight, cost, education level, and gender were ranked 1%, 2", 3",
4" 5t 6t 7t and 8™, respectively.

Table 27: The Final Weights for All Criteria

Criteria Weight
SE 0.256
CDh 0.248
BSE 0.164
AGE 0.098
WEIGHT 0.082
COST 0.072
EL 0.055
GENDER 0.026

The weights for side effects, chronic disease, background scien-
tific evidence, age, weight, cost, education level, and gender were
25.6%, 24.8%, 16.4% 9.8%, 8.2%, 7.2%, 5.5%, and 2.6%, respec-
tively (see Table 28).

Table 28: The Overall Scores by Each Criterion for Each Medication

pe WEG SEN Bl BsE o0 P s OFF
M0 oes 900 D52 055 05T 9BL 009 gage
D e o
ol 3.11 (7).110 g.lss 2617 8.320 2.518 8-307 2-749 0.2447
g 010 0097 0472 017 011 011 007 020 .o

12 3 4 14 02 21 36 78

The internal medicine consultants involved in our study ranked all
oral diabetes medications in terms of their side effects. Specifical-
ly, pioglitazone, sitagliptin, metformin, and glimepiride were
ranked 1%, 2" 3 and 4", respectively; their weights were 49.37%,
20.78%, 19.46% and 10.39%, respectively.

All of the oral diabetes medications in our study were ranked in
terms of chronic disease. Specifically, metformin, pioglitazone,
glimepiride, sitagliptin were ranked 1st, 2nd, 3 and 4™ respec-
tively; their weights were 57.47%, 18.25%, 13.07% and 11.21%,
respectively.

All of the oral diabetes medications in this study were ranked in
terms of background scientific evidence. Metformin, pio%litazone,
glimepiride, and sitagliptin were ranked 1%, 2", 3and 4™, respec-
tively; their weights were 55.33%, 20.03%, 13.62% and 11.02%,
respectively.

All of the oral diabetes medications in our study were ranked in
terms of age. Specifically, metformin, glimeEiride, pioglitazone,
and sitagliptin were ranked 1%, 2" 3@and 4", respectively; their
weights were 60.42%, 18.16%, 11.30% and 10.12%, respectively.
All of the oral diabetes medications in our study were ranked in
terms of weight. Specifically, metformin, pioglitazone,
glimepiride, and sitagliptin were ranked 1%, 2", 3and 4™, respec-
tively; their weights were 68.90%, 11.07%, 10.30% and 9.73%,
respectively.

All of the oral diabetes medications in our study were ranked in
terms of cost. Specifically, metformin, glimepiride, pioglitazone,
and sitagliptin were ranked 1%, 2", 3" and 4" respectively; their
weights were 61.54%, 23.17%, 7.93% and 7.36%, respectively.
All of the oral diabetes medications in our study were ranked in
terms of education level. Specifically, metformin, pioglitazone,
sitagliptin, and glimepiride were ranked 1%, 2", 3and 4™, respec-
tively; their weights were 52.01%, 17.48%, 17.14% and 13.37%,
respectively.

All of the oral diabetes medications in our study were ranked in
terms of gender. Specifically, metformin, pioglitazone, sitagliptin,
and glimepiride were ranked 1%, 2", 3and 4", respectively; their
weights were 50.64%, 18.35%, 17.24% and 13.76%, respectively.

15. Recommendations

Table 28 shows the overall ranking of oral type 2 diabetes medica-
tions. This table shows that metformin, pioglitazone, sitagliptin,
and glimepiride were ranked 1%, 2", 3and 4™, respectively; spe-
cifically, their weights were 48.42%, 24.47%, 13.61% and 13.50%,
respectively. Therefore, metformin is recommended because it has
the highest weight.

Based on the overall weight associated with the criteria, the most
important factor that affected the selection of the most appropriate
diabetes medications was the side effects. Thus, we recommend
that doctors focus on that factor.

16. Conclusions

As mentioned above, we assume that decision makers involved
with diabetes treatment will use the outcome of this project. In
conclusion, this project developed a mathematical decision-
making model that prioritizes available oral medications for pa-
tients with diabetes in terms of eight criteria: side effects, chronic
disease, background scientific evidence, age, weight, cost, educa-
tion level, and gender. The involvement of different criteria re-
veals that the issue can be considered as an MCDM problem. Thus,
the AHP should be used because it is one of the most common
MCDM tools.

The AHP provides an overall ranking that can be used to make a
final decision. Undoubtedly, the results of this project (or at least
the proposed methodology) facilitate the decision-making process,
which is important because it assists decision makers in choosing
the most effective oral type 2 diabetes treatment.
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