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Abstract

0z

Objective: The pediatrics department frequently uses antibiotics.
Understanding factors influencing antibiotic prescribing can enhance
treatment success. This study aimed to explore these factors, highlighting
their role in antibiotic selection and overall treatment effectiveness.

Material and Methods: Primary data was used in the study. The scope
of the research consisted of pediatricians working in Konya province and
its districts. The sample size of the research was calculated according to
the snowball sampling method. The sample size started by selecting a
pediatrician who met the research criteria, and other pediatricians were
reached with the help of the selected pediatrician. The pediatrician was
told to recommend someone or people with the same characteristics.
Thus, 50 pediatricians were reached in the study by using the sampling
method in question. In this study, the opinions of experts working
in public institutions and organizations were taken to determine the
multiple factors in pediatric physicians’ choice of antibiotics. The data
obtained by the researchers by conducting a face-to-face survey of
pediatricians on a voluntary basis was analyzed using the Entropy and
TOPSIS method.

Results: The first antibiotic agent preferred by the physicians was amox-
icillin and clavulanic acid. While azithromycin was in the second place,
clarithromycin was in the third place, the last two places were shared
by cefdinir and cefixime. In the study, it was observed that the results
obtained in terms of factors related to the physician and the parent were

Girig: Pediyatri bolim siklikla antibiyotik kullanmaktadir. Antibiyotik
recetelemeyi etkileyen faktorlerin anlasilmasi tedavi basarisini artirabilir.
Bu calisma, antibiyotik secimi ve genel tedavi etkinligindeki rollerini
vurgulayarak bu faktorleri arastirmayr amaclamistir.

Gereg ve Yontemler: Calismada birincil veriler kullaniimistir. Arastirma-
nin kapsamini Konya ili ve ilcelerinde gérev yapan cocuk hekimleri olus-
turmaktadir. Arastirmanin drneklem buylkligi kartopu 6rnekleme yon-
temine gére hesaplanmistir. Orneklem biiyiikliigu, arastirma kriterlerine
uyan bir cocuk doktorunun secilmesi ile baslar ve secilen ¢cocuk dokto-
runun yardimi ile diger cocuk doktorlarina ulasilir. Cocuk doktoruna ayni
ozelliklere sahip kisi veya kisileri tavsiye etmesi sdylenir. Boylece s6z ko-
nusu drnekleme yontemi kullanilarak calismada 50 ¢cocuk hekimine ula-
silmistir. Bu calismada ¢ocuk hekimlerinin antibiyotik secimindeki coklu
faktorlerin belirlenmesi amaciyla kamu kurum ve kuruluslarinda calisan
uzmanlarin gorisleri alinmistir. Arastirmacilar tarafindan gondillilik esa-
sina dayali olarak ¢ocuk hekimlerine yiiz ylize anket uygulanarak elde
edilen veriler Entropi ve TOPSIS yontemi kullanilarak analiz edilmistir.

Bulgular: Hekimler tarafindan tercih edilen ilk antibiyotik ajan amoksi-
silin ve klavulanik asit oldu. ikinci sirada azitromisin, ticincii sirada kla-
ritromisin yer alirken, son iki sirayi sefdinir ve sefiksim paylasti. Calisma-
da hekim ve ebeveynle ilgili faktorler acisindan elde edilen sonuglarin
genel sonuclarla ayni oldugu gézlendi. ilacla ilgili faktérler, maliyet ve
geri 6deme kosullari sonuglari ayni olurken, Azitromisin bu sonuglarda
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the same as the general results. While the results of drug-related factors,
cost and reimbursement conditions were the same, azithromycin took
the first place in these results. In all sub-solutions, the second-place op-
tion and the last two orders were the same. According to the sex of the
physicians, the order of preferences of five male pediatric physicians was
amoxicillin clavulanic acid > azithromycin > clarithromycin > cefdinir >
cefixime, while 15 female physicians’ preferences were determined to be
azithromycin > amoxicillin clavulanic acid > clarithromycin > cefdinir >
cefixime. Azithromycin was preferred first.

Conclusion: Multiple factors influence both diagnosis and treatment, af-
fecting antibiotic selection and improving treatment success.

Keywords: Antibiotics, pediatricians, multiple factors, Entropy, TOPSIS

Introduction

Antibiotics are one of the most important therapeutic
inventions in the history of medicine. The discovery of anti-
biotics more than 70 years ago ushered in an era of drug in-
novation and application in human and animal health and
agriculture (1). However, over the years, its use in every field
has brought along question marks. Antibiotic resistance has
also occurred in some cases depending on treatment. In fact,
the rise in antibiotic resistance is increasingly occupying the
world medical public as a health problem and a global threat
(2,3). Some authors even interpret this resistance as a shadow
cast on the antibiotic age (4).

The beginning of the modern antibiotic age is generally
associated with the names Paul Ehrlich and Alexander Flem-
ing. The basic idea of these researchers was based on the ob-
servation that aniline and other synthetic dyes, which were
first introduced at that time, stained certain microbes but
not others (4,5). Antibiotics are very effective bioactive sub-
stances obtained biologically or synthetically that stop or kill
the growth of microorganisms (6). The antibiotic category
includes many different classes of drugs that differ in their
spectrum of action, side effect profiles, pharmacokinetics and
pharmacodynamics, and clinical use (7).

When used wisely, antibiotics play a vital role in prevent-
ing bacterial resistance, providing healthcare at the highest
quality and reducing healthcare costs (8). However, this anti-
biotic administration should be applied at the right time, at
affordable cost, for the right duration, with the right drug and
at the right dose (2). Since in many studies, antibiotics are rec-
ommended by pharmacists or friends as well as the patient’s
physician, the above criteria may not be met (2,9,10).

Many factors come into play when doctors prescribe anti-
biotics. One of these is the fear of the side effects of antibiot-
ics. Some studies have found that physicians sometimes expe-
rience fear about prescribing the correct antibiotics (2,11). Itis
evaluated that the fear of doctors when prescribing antibiot-
ics can be prevented by delaying prescribing, doctor educa-
tion and clinical decision support systems (11).

ilk sirada yer aldi. Tum alt ¢ozlimlerde ikinci siradaki secenek ve son iki
sira aynidir. Hekimlerin cinsiyetine gore bes erkek pediyatri hekiminin
tercih siralamasi amoksisilin klavulanik asit > azitromisin > klaritromisin
> sefdinir > sefiksim seklindeyken, 15 kadin hekimin tercihleri azitromisin
> amoksisilin klavulanik asit > klaritromisin > sefdinir > sefiksim seklinde
belirlenmistir. Azitromisin ilk sirada tercih edilmistir.

Sonug: Coklu faktorler hem tani hem de tedaviyi etkileyerek antibiyotik
secimini etkiler ve tedavi basarisini artirir.

Anahtar Kelimeler: Antibiyotik, pediyatrist, coklu faktorler, Entropi, TOP-
SIS

Another issue that affects antibiotic prescribing behavior is
patient expectations. Studies have shown that patients exag-
gerate their illnesses when requesting antibiotics. It is thought
that this situation can be resolved by managing patient ex-
pectations and informing patients about the use of antibiot-
ics (12,13). One of the factors affecting physicians’ choice of
antibiotics is their level of knowledge about antibiotics. Stud-
ies have shown that as physicians’ knowledge levels increase,
factors such as age, height, weight, and use of antibiotics in
the last week, which affect antibiotic prescribing, are taken
into more consideration when prescribing antibiotics (14). In
addition to the factors listed above, factors affecting antibiot-
ic prescribing include the severity and duration of infections,
uncertainty about diagnosis, potential patient loss, and the
influence of pharmaceutical companies (15).

There are not sufficient studies in the literature to deter-
mine the factors affecting physicians’ attitudes and behaviors
in prescribing antibiotics. There are few studies on this subject
in Turkiye. The aim of this study was to evaluate multiple fac-
tors affecting pediatricians'antibiotic preferences. The study is
important in terms of revealing the factors affecting antibiotic
choice and filling the gap in the literature. Multi-criteria deci-
sion making (MCDM) methods can be used for this.

MCDM is an approach that brings together different dis-
ciplines such as economics, informatics, psychology, mathe-
matics and social sciences, allowing decision makers to evalu-
ate multidimensional decision problems and make decisions.
MCDM problems can also be defined as problems in which
more than one criterion is optimized, and the most appro-
priate alternative is selected from possible solution sets. This
method helps decision makers make more solid and informed
decisions by providing an objective and structured approach
in complex decision processes (16,17).

Decision-making processes such as antibiotic selection of-
ten rely on subjective judgments and subjectivity. This poses
significant risks in making the right treatment choice and can
have direct impacts on treatment effectiveness and patient
health. Therefore, approaches based on objective data and
clinical guidelines should be adopted to ensure the accuracy of
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such decisions. In solving such problems, using MCDM methods
can enable us to reach correct results by providing an objective
and structured approach in the decision-making process.

Materials and Methods

Primary data was used in the study. The scope of the re-
search consisted of pediatricians working in Konya province
and its districts. The sample size of the research was calculat-
ed according to the snowball sampling method. The sample
size started by selecting a Pediatrician who met the research
criteria, and other Pediatricians were reached with the help of
the selected Pediatrician. The pediatrician was told to recom-
mend someone or people with the same characteristics. Thus,
50 pediatricians were reached in the study by using the sam-
pling method in question.

In this study, the opinions of experts working in public
institutions and organizations were taken to determine the
multiple factors in pediatric physicians’ choice of antibiotics.
The data obtained by the researchers by conducting a face-to-
face survey of pediatricians on a voluntary basis was analyzed
using the Entropy and TOPSIS (Technique for Order Preference
by Similarity to Ideal Solution) method.

Methods
Data Set Used in the Study

Fifty pediatricians working in Konya were selected for
the study. According to the aspects of the physicians, the fol-
lowing 21 criteria were determined. These criteria were used
to choose antibiotics named azithromycin, clarithromycin,
amoxicillin clavulanic acid, cefdinir and cefixime. Pediatricians
evaluated five different antibiotics out of seven points accord-
ing to the criteria given below. The study aimed to determine
the antibiotic usage preferences of pediatric patients. Entropy
and TOPSIS methods were used for this study.

Main criterion 1. Regarding drug: CC1: Posology (Taken
once, twice, three times a day ), CC2: Implementation of drug
(oral, intravenous, intramuscular), CC3: Taste of drug, CC4:
Clinical effectiveness of the drug, CC5: Suitability of the drug
for the patient, CC6: Originality of the drug, CC7: Whether the
drug has an equivalent in suitable indication, CC8: Does not
interact with other drugs, CC9: Safety of drug-side effect pro-
file (allergies, constipation, diarrhea, abdominal pain, head-
ache, etc.), CC10: Possibility of creating tolerance, CC11: Phar-
maceutical form of the drug (tablet, syrup, etc.).

Main criterion 2. Regarding physician: CC12: Fundamen-
tal training received in specialization, CC13: Personal experi-
ence regarding drugs, CC14: Duration of use for treatment,
CC15: Need to monitor the patient during treatment.

Main criterion 3. Regarding cost and reimbursement con-
ditions of the drug: CC16: Whether it is within the coverage of
reimbursement or not, CC17: Box price of the drug, CC18: Cost
during treatment,

Main criterion 4. Regarding to parent: CC19: Education
level, CC20: Income level, CC21: Family’s level of awareness.

In the literature, various studies address different applica-
tions of MCDM methods in the field of medicine. These studies
emphasize the importance and impact of using MCDM meth-
ods in decision-making processes in the field of medicine.

In RSIA Tiara, it has been determined that some patients do
not want to take prescriptions written by physicians. Patients’
reluctance to use prescriptions is due to price, variety, quality,
taste and uncomfortable usage of the drugs. A decision sup-
port system has been proposed to overcome this problem (18).

Albahri et al. have developed a new decision-making
framework by grouping coronavirus disease-2019 patients
(19). The weights of the laboratory criteria were analyzed us-
ing the Entropy method, and the treatment method to be ap-
plied to the patients was analyzed using the TOPSIS method.
The results showed that patients were classified according to
their health status and asymptomatic carriers were also taken
into account.

izgtiden et al. have determined the ranking of OECD coun-
tries according to the criteria determined in terms of health
equipment and health indicators (20). In the research, the En-
tropy method was used to calculate the criterion weights, and
the ARAS and SAW methods were used to rank the countries.
Regarding health equipment, criteria such as mammography,
computer tomograpghy scanner, radiotherapy, magnetic res-
onance imaging device and number of hospital beds were
included in the evaluation. The criteria for health indicators
include life expectancy at birth, infant mortality rate and un-
der-five mortality rate.

When the studies in the literature were examined, it was
observed that, to the best of the authors’ knowledge, Entro-
py and TOPSIS methods were not used together in antibiotic
selection.

Entropy Method

Entropy method provides an objective approach to calcu-
late the criteria weights in MCDM problems. This method makes
calculations based on the data in the decision matrix and does
not require subjective evaluation. Due to this feature, it is a fre-
quently preferred method in the literature. Entropy method has
an application process consisting of four stages. This process
supports the decision-making process by providing a fair and
measurable method to decision makers and is used in solving
complex multi-criteria problems (21).

Information Entropy theory was first explained in the work
done by Shannon. According to information Entropy theory,
the quality or quantity of information possessed in the de-
cision-making process is the determinant of the correct and
reliable solution in solving the problem. For this reason, the
Entropy method is used to measure the amount of useful
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information provided in the realization of different evalua-
tions in the decision-making process (22). Entropy is an objec-
tive weighting method. It does not consider the judgments of
decision makers. This method usually consists of five stages.

Stage 1. If you have n pieces as selection criteria and m
pieces as alternatives to create the decision matrix, this matrix
is usually arranged as follows:

a, 4y a,,

4 = Gy dyp a,,
;=

aml amZ amn

Stage 2. Decision matrix normalization:

X;
v, =— [11
i le_j

I = Alternative value, j = Criterion value, r; = Normal-
ized value.

After the indexes are standardized R = (7;)  shows in
the normalized index matrix.

Stage 3. Determining the Entropy value for each criterion:
In this formula; &, k =1/ 1In(m) is calculated fixed value.

e, =~k XrIn(r) (i=1,.sm; j =1,...,n) [2)

Stage 4. Determining the degree of dj differentiation of
information provided by any attribute J: ¢ . value represents
. . J g
intensity of contrast of X]. . dj value shows the significance of
X, the criterion by revealing its objective weight. The higher
value of the dj is, the more important XJ. criterion is for the
problem.

d,=l-e, (i=1..,mJ=1=1,.,n) (3]

Stage 5. Determining the Entropy weight of criteria: The
determined weights are used to explain how significant the
criteria are. The size of the Entropy weight of the criteria shows
how significant that criterion is in the decision-making pro-
cess. Determining the Entropy weight of the criteria is calcu-
lated as shown in equation (4).

e,
Wj:TZ)’ Sw,=1(j=1..n) [4]

w; =Weight value, e; = Entropy value.

As can be seen, the Entropy method is an easy-to-use ob-
jective evaluation method that does not require subjective
judgments.

TOPSIS Method

The TOPSIS method was developed by Chen and Hwang
with the help of Hwang and Yoon. TOPSIS is a MCDM tech-

nique that can be applied directly to data without the need for
qualitative translation. This method can be effectively applied
to a decision problem consisting of n pieces alternatives and
m pieces criteria (23). In the TOPSIS method, understandable
results are obtained with a small number of input parameters.
In this method, the selected alternative is aimed to be as close
to the ideal solution as possible, while the alternatives that are
not the ideal solution are aimed to be as far as possible. In this
way, a decision-making criterion is provided to determine the
most suitable alternative (23). The steps of the TOPSIS method
are as follows.

Stage 1. The objectives and evaluation criteria of the prob-
lem are determined.

Stage 2. Creating a decision matrix. n pieces alternative
(al,az,...,an) is listed one under the other and criteria and
features of the alternatives (ylm,yzm,---,ynm) is listed against
them.

Vi Vi
b=e s [5]
ynl ynm

Stage 3. Standardization of the decision matrix (Normaliza-
tion): The normalization process is performed by calculating the
sum of the squares of the criterion values in a decision matrix
and taking the square root of this sum. Thus, the value of each
criterion has equal weight in the normalized form of the matrix.

r =L2,(i =1,..,nj=1,..,m)
N3 o
rll rlm

R= :
Py T [7]

Stage 4. Creating the weight decision matrix: The normal
matrix is weighted and normalized to determine the weight
values of the criteria. This normalized matrix is then multiplied
by the criterion weights to form the V matrix for the purpose.
This process ensures that the criteria are weighted according
to theirimportance, so the V matrix helps make the right deci-
sions to meet the objectives.

Vi e W
V=

Vi e Von (8l

Stage 5. Determination of positive ideal values (A+) and
negative ideal values (47 ): As a result of the operations per-
formed on the weighted normalized matrix, the values repre-
senting the best performance are determined as the positive
ideal solution, while the values representing the worst perfor-
mance are defined as the negative ideal solution. These ideal
solutions help determine directions and goals in the deci-
sion-making process.
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Positive ideal solution,
A" ={(max vg) |j ), (minvy|jed), [9]

Negative ideal solution,

A={(min vi | j €J), (max vi | j ), [10]
Calculated sets,

A :{vf,v;,...,v;} ve A :{vf,vg,...,v,;}

Expressed as above (24).

Stage 6. Finding distance (discrimination) measurements:
The deviations of the alternatives from the ideal solutions are
obtained by the Euclidean distance. The distance to the posi-
tive value is called the positive ideal separation, the distance
to the negative value is called the negative ideal separation
and is calculated as follows:

ST =yZ(v, v} [11)

S = Z(vij -V, )2 [12]

Stage 7. Calculating relative closeness and determining
rankings: It is determined using positive ideal and negative
ideal distance measures, with the help of calculating the rel-
ative closeness C; of the alternatives to the ideal solution.

Table 1. Decision matrix for antibiotics

cro_ S
OST+S [13]
It is calculated as above. C; value is measured between
[0. 1] and as closeness to 1 shows that it gets closer to the
positive ideal solution, as closeness to 0 shows that it gets
closer to the negative ideal solution.

Results

At this stage of the study, antibiotic types were evaluated
and ranked using Entropy and TOPSIS methods according to
the determined criteria. Physicians’ evaluations were consid-
ered in the study. First, the initial decision matrix was created
by taking the arithmetic average of the scores given for each
criterion for antibiotics. In the next step, the importance coef-
ficients of the criteria were calculated using the Entropy meth-
od and the antibiotics were ranked using the TOPSIS method.
Calculations were made using Microsoft Excel.

Obtaining Criterion Weights with Entropy
Step 1. Creating the decision matrix

The first step of the Entropy method is to create the de-
cision matrix. The decision matrix shown in Table 1 was ob-
tained by taking the arithmetic average of the pediatricians’
opinions.

Antibiotics

Criteria Azithromycin Clarithromycin Amoxicillin clavulanic acid Cefdinir Cefixime
CcC1 6.66 4.74 592 3.28 3.54
cc2 6.30 47 5.88 374 3.06
ca 572 5.18 5.96 3.7 3.84
cc4 5.68 49 6.44 3.78 3.52
(€ 6.34 4.94 6.18 3.64 312
CCo 592 5.16 5.98 372 332
ccr 6.04 5.04 6.14 3.86 334
@] 556 5.16 6.24 4.36 3.12
(€@ 6.3 4.86 5.96 3.84 332
ccio 5.56 5.12 59 3.96 338
ccn 5.82 532 5.66 3.86 326
cc12 52 522 6.7 334 33
cc13 6.14 47 6.14 378 3.96
cC14 6.5 452 53 4.24 39
ccis 6.26 4.56 574 3.74 3.52
CcC16 6.14 5.06 6.14 3.7 338
cci7 6.30 5.24 572 374 322
ccig 6.34 532 5.82 33 2.86
cC19 5.82 534 592 3.52 3.02
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Table 1. Decision matrix for antibiotics (continue)

Antibiotics
Criteria Azithromycin Clarithromycin Amoxicillin clavulanic acid Cefdinir Cefixime
CC20 59 520 5.98 3.64 3.22
cC21 5.76 542 6.16 3.58 3.1

CC1: Posology (Taken once, twice, three times a day), CC2: Implementation of drug (oral, intravenous, intramuscular), CC3: Taste of drug, CC4: Clinical effectiveness of the drug,
CC5: Suitability of the drug for the patient, CC6: Originality of the drug, CC7: Whether the drug has an equivalent in suitable indication, CC8: Does not interact with other drugs,
CC9: Safety of drug-side effect profile (allergies, constipation, diarrhea, abdominal pain, headache, etc.), CC10: Possibility of creating tolerance, CC11: Pharmaceutical form of the
drug (tablet, syrup, etc), CC12: Fundamental training received in specialization, CC13: Personal experience regarding drugs, CC14: Duration of use for treatment, CC15: Need
to monitor the patient during treatment, CC16: Whether it is within the coverage of reimbursement or not, CC17: Box price of the drug, CC18: Cost during treatment, CC19:
Education level, CC20: Income level, CC21: Family’s level of awareness.

The rows of the decision matrix contain evaluation criteria,  is normalized by dividing by the row totals. The decision matrix
and the columns contain decision alternatives. Five decision  obtained after the normalization process is seen in Table 2.

alternatives and 21 evaluation criteria were used in the study. Step 3. Calculation of Entropy values for criteria

Step 2. Obtaining the normalized decision matrix In this step, the Entropy value (ej) of each criterion was cal-

In this step, the decision matrix is normalized with the help  culated using the normalized decision matrix seen in Table 2.
of equation [1]. In other words, the row value for each criterion  In calculating the Entropy values, first the normalized values in

Table 2. Normalized decision matrix according to the Entropy method information differentiation and weight values of the criteria

Antibiotics

Criteria Azithromycin | Clarithromycin Amoxicillin clavulanic acid Cefdinir Cefixime ej dj wj

CcCi 0.277 0.196 0.245 0.135 0.146 0.976 0.023 0.0593
cc2 0.261 0.194 0243 0.154 0.126 0.971 0.028 0.0728
ca 0.237 0214 0.246 0.153 0.159 0.992 0.007 0.0203
Cc4 0.235 0.202 0.266 0.156 0.145 0.986 0.013 0.0347
CCs 0.262 0.204 0.256 0.150 0.129 0.978 0.022 0.0561
CC6 0.245 0213 0.247 0.154 0.137 0.982 0.017 0.0451
ccr 0.251 0.208 0.254 0.159 0.138 0.987 0.013 0.0331
Cccs 023 0213 0.258 0.181 0.129 0.988 0.011 0.0291
cco 0.261 0.201 0.246 0.159 0.137 0.984 0.016 0.0408
ccio 0.231 0212 0.244 0.164 0.141 0.983 0.016 0.0419
CcCi1 0.242 0.22 0234 0.159 0.135 0.981 0.018 0.0473
cap 0215 0216 0277 0.138 0.136 0.971 0.028 0.0738
cci3 0.254 0.194 0.254 0.156 0.164 0.995 0.004 0.0120
CcCi4 0.269 0.187 0219 0.175 0.161 0.994 0.005 0.0153
CCis 0.259 0.188 0237 0.155 0.145 0.979 0.021 0.0534
ccie 0.254 0.209 0.254 0.153 0.140 0.985 0.014 0.0364
cc17 0.26 0217 0236 0.154 0.133 0.982 0.017 0.0455
ccig 0.262 0.221 0.241 0.136 0.118 0.964 0.035 0.0916
cc19 0.241 0222 0.245 0.145 0.125 0.970 0.029 0.0756
Ccc20 0.244 0215 0.247 0.150 0.133 0.978 0.021 0.0555
cc21 0.238 0.224 0.255 0.148 0.12 0.977 0.022 0.0592

ej: Entropy value, dj: the degree of divergence (or differentiation) of the values for criterion, wj: Weight value.

CC1: Posology (Taken once, twice, three times a day), CC2: Implementation of drug (oral, intravenous, intramuscular), CC3: Taste of drug, CC4: Clinical effectiveness of the drug,
CC5: Suitability of the drug for the patient, CC6: Originality of the drug, CC7: Whether the drug has an equivalent in suitable indication, CC8: Does not interact with other drugs,
CC9: Safety of drug-side effect profile (allergies, constipation, diarrhea, abdominal pain, headache, etc.), CC10: Possibility of creating tolerance, CC11: Pharmaceutical form of the
drug (tablet, syrup, etc.), CC12: Fundamental training received in specialization, CC13: Personal experience regarding drugs, CC14: Duration of use for treatment, CC15: Need
to monitor the patient during treatment, CC16: Whether it is within the coverage of reimbursement or not, CC17: Box price of the drug, CC18: Cost during treatment, CC19:
Education level, CC20: Income level, CC21: Family’s level of awareness.
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Table 2 were multiplied by the logarithm values of these val-
ues. Then, the Entropy values obtained as a result of this pro-
cess were calculated by taking the sum of the values and using
equation [2]. The k value in equation [2] is the Entropy coeffi-
cient and is the logarithmic version of the number of alterna-
tives in the decision matrix. For example, since there were 5 de-
cision alternatives in this study, the value of m was accepted as
5 and based on the formula, k = 1/In(5) = 0.621. The Entropy val-
ues obtained with the help of equation [2] are given in Table 2.

Step 4. Calculating the degree of differentiation of infor-
mation

Each (e;) value found in this step was subtracted from
the number 1 and (d) values were calculated with the help of
equation [3]. For example, the CC1 value in Table 2 was sub-
tracted from the number 1 (1-0.977) with the help of equation
[3] and the result was found to be 0.023 as seen in Table 2.

Step 5. Calculating criterion weights

The last step of the Entropy method is to obtain the crite-
rion weights. In this step, the Entropy weights of the criteria

Table 3. Normalized decision matrix according to the TOPSIS method

were obtained with the help of equation [4]. For example, the
criterion weight for CC1 was obtained by dividing the value
of 0.023 by the sum of the dj column. The relevant results are
given in Table 2.

The sum of the weight values of the 21 criteria seen above
is equal to 1. The values obtained in this step will be used as
criterion weights in the next step, the TOPSIS method appli-
cation.

Antibiotic Sorting by TOPSIS Method
Step 1. Creating the decision matrix

In the first step of the TOPSIS method, the decision matrix
is created. This step is the same as the first step of the Entropy
method. Table 1 will also be used in the TOPSIS method.

Step 2. Creating the normalized decision matrix (R)

Equation [6] was used for the normalization process to
convert the criterion values of the alternatives into constant
units. The normalized decision matrix is seen in Table 3.

Azithromycin Clarithromycin Amoxicillin clavulanic acid Cefdinir Cefixime

cal 0.595 0423 0.529 0.293 0.316

cCc2 0.563 0420 0.525 0.334 0.273

cc3 0.511 0463 0.532 0.330 0.343

cC4 0.507 0437 0.575 0.337 0314

CC5 0.566 0.441 0.552 0.325 0.278

CcCe 0.529 0461 0.534 0.332 0.296

cc7 0.539 0451 0.548 0.345 0.298

Cccs 0.496 0461 0.557 0.389 0.278

CcCo 0.563 0434 0.532 0.343 0.296

ccio 0.496 0457 0.527 0.353 0.302

ccan 0.520 0475 0.505 0.345 0.291

cc12 0464 0.466 0.598 0.298 0.294

cC13 0.548 0420 0.548 0.337 0.353

cC14 0.581 0404 0473 0.378 0.348

CcC15 0.559 0407 0.513 0.334 0314

ccie 0.548 0452 0.548 0.331 0.302

cc17 0.563 0468 0512 0.334 0.287

ccig 0.566 0475 0.521 0.295 0.255

cc19 0.521 0477 0.529 0314 0.269

CC20 0.527 0.465 0.534 0.325 0.287

cc21 0514 0484 0.551 0.321 0.277

CC1: Posology (Taken once, twice, three times a day), CC2: Implementation of drug (oral, intravenous, intramuscular), CC3: Taste of drug, CC4: Clinical effectiveness of the drug,
CC5: Suitability of the drug for the patient, CCé: Originality of the drug, CC7: Whether the drug has an equivalent in suitable indication, CC8: Does not interact with other drugs,
CC9: Safety of drug-side effect profile (allergies, constipation, diarrhea, abdominal pain, headache, etc.), CC10: Possibility of creating tolerance, CC11: Pharmaceutical form of the
drug (tablet, syrup, etc.), CC12: Fundamental training received in specialization, CC13: Personal experience regarding drugs, CC14: Duration of use for treatment, CC15: Need
to monitor the patient during treatment, CC16: Whether it is within the coverage of reimbursement or not, CC17: Box price of the drug, CC18: Cost during treatment, CC19:
Education level, CC20: Income level, CC21: Family’s level of awareness.
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Table 4. Discrimination criteria for antibiotics, weighted normalized decision matrix, positive and negative ideal solution values, closeness values

to the ideal solution and ranking

Azithromycin | Clarithromycin | Amoxicillin clavulanic acid Cefdinir Cefixime A* A
cal 0.035 0.024 0.032 0.017 0.018 0.035 0.017
cC2 0.033 0.025 0.031 0.019 0.016 0.033 0.016
cc3 0.031 0.027 0.032 0.019 0.021 0.031 0.019
cC4 0.029 0.026 0.033 0.019 0.018 0.033 0.018
(€ 0.034 0.026 0.032 0.019 0.016 0.033 0.016
CcCe 0.032 0.027 0.031 0.019 0.017 0.031 0.017
cc7 0.031 0.026 0.032 0.021 0.017 0.032 0.017
Cccs 0.029 0.02 0.032 0.022 0.016 0.032 0.016
CcCo 0.033 0.025 0.031 0.021 0.017 0.033 0.017
cci1o 0.029 0.027 0.031 0.021 0.017 0.031 0.017
ccn 0.031 0.028 0.029 0.021 0.017 0.031 0.017
cc12 0.027 0.027 0.035 0.017 0.017 0.035 0.017
cc13 0.032 0.025 0.032 0.019 0.021 0.032 0.019
cC14 0.034 0.023 0.027 0.022 0.021 0.034 0.021
Ccc15 0.033 0.024 0.031 0.019 0.018 0.033 0.018
ccie 0.033 0.026 0.032 0.019 0.017 0.032 0.017
cc17 0.033 0.027 0.031 0.019 0.016 0.03 0.016
ccig 0.033 0.028 0.031 0.017 0.015 0.033 0.015
cc19 0.030 0.028 0.032 0.018 0.015 0.031 0.015
CC20 0.031 0.027 0.031 0.019 0.016 0.031 0.016
cc 0.030 0.028 0.032 0.018 0.016 0.032 0.016
S, 0 0.065 0.042 0.065 0.011 0.001
S® w 0.010 0.030 0.009 0.060 0.069
<, ® 0.867 0.585 0.873 0.164 0.025
Ranking 2 3 1 4 5
A*: Positive ideal solution, A Negative ideal solution, S 0: Negative ideal separation, So ) Positive ideal separation, Gy ): Relative proximity.
CC1: Posology (Taken once, twice, three times a day), CC2: Implementation of drug (oral, intravenous, intramuscular), CC3: Taste of drug, CC4: Clinical effectiveness of the drug,
CC5: Suitability of the drug for the patient, CC6: Originality of the drug, CC7: Whether the drug has an equivalent in suitable indication, CC8: Does not interact with other drugs,
CC9: Safety of drug-side effect profile (allergies, constipation, diarrhea, abdominal pain, headache, etc.), CC10: Possibility of creating tolerance, CC11: Pharmaceutical form of the
drug (tablet, syrup, etc.), CC12: Fundamental training received in specialization, CC13: Personal experience regarding drugs, CC14: Duration of use for treatment, CC15: Need
to monitor the patient during treatment, CC16: Whether it is within the coverage of reimbursement or not, CC17: Box price of the drug, CC18: Cost during treatment, CC19:
Education level, CC20: Income level, CC21: Family’s level of awareness.

Step 3. Creating the weighted normalized decision matrix

%

The weighting process is carried out by multiplying the
values in Table 3 with the criterion weights given in Table 2,
which are found by the Entropy method. The weighted nor-
malized decision matrix is given in Table 4.

Step 4. Obtaining positive ideal and negative ideal solu-
tion values

In this step, the distances of the decision alternatives to the
positive ideal and negative ideal decision point are calculated
with the help of equation [9] and equation [10]. Since all the
evaluation criteria in the study have utility functions, the pos-

itive ideal solution value in the formula was chosen from the
largest row value in Table 4, and the negative ideal solution
value was chosen from the smallest row value in Table 4. For
example, since the largest number in the CC1 row in Table 4 is
0.003, this number was determined as the positive ideal solu-
tion value. On the other hand, since the smallest value in the
same row was 0.002, this number was determined as the neg-
ative ideal solution value and the same process was repeated
for all criteria. The resulting solution sets are given in Table 4.

Step 5. Calculation of discrimination measurements

In this step, the distances of the alternatives to the positive
and negative ideal solution are calculated by using the posi-
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tive ideal and negative ideal solution values of the criteria. In
this process, which is based on the weighted normalized ma-
trix, Atand A- values are subtracted from the weighted values
and their squares are taken. Then, S, and S, values are ob-
tained respectively by taking the square root of the sum of the
row values. The discrimination measures calculated with the
help of equation [11] and equation [12] are given in Table 4.

Step 6. Calculating closeness to ideal solution

In the last step of the TOPSIS method, the closeness of the
alternatives to the ideal solution is calculated. This process is
obtained by dividing the negative ideal solution values by it-
self and the sum of the positive ideal solutions and is shown
with the help of equation [13]. The Ci+ values obtained as a
result of the application are given in Table 4.

Finally, the values of antibiotics are listed from largest to
smallest and the selection or ranking of pediatricians is ob-
tained. The results are seen in Table 4.

Discussion

The study conducted by Gonzalez-Gonzalez et al. to eval-
uate the attitudes and behaviors of physicians in the quality
of antibiotic prescription was conducted on 2100 physicians
between 2008 and 2010 (11). In the study, it was determined
that the main attitude of physicians regarding the quality of
the prescription was fear, and this situation led physicians to
tend to prescribe broad-spectrum antibiotics. The second fac-
tor, which is less common than fear, in prescribing antibiotics
is the physician’s indifference towards the patient.

Rezal et al. conducted a literature study on physicians’
knowledge, perception and behavior in prescribing antibi-
otics (15). When 14 articles written between 1990 and 2014
were analyzed in the study, it was found out that physicians
still have insufficient knowledge and misconceptions about
prescribing antibiotics. Furthermore, in the same study, it was
stated that antibiotics were prescribed even though it was
known that they had limited effect in some cases. As a result
of the study, the factors affecting antibiotic prescribing were
stated as the severity and duration of infections, uncertainty
about diagnosis, potential patient loss and the influence of
pharmaceutical companies.

Lum et al., on the factors affecting antibiotic prescription
and decision-making in primary health care, conducted a
study with 23 general practitioners using a mixed method,
including semi-structured interviews and a discrete choice ex-
periment called discrete choice experiment (DCE) (13). Three
main themes emerged in this study including the difficulties
in prescribing, delayed antibiotic prescriptions and patient
expectations. According to the DCE, duration of symptoms
and patient expectations had the greatest impact on antibi-
otic prescribing. Taken together, these results suggest that
the key challenges to prudent antibiotic prescribing are as

follows: 1. Patient expectations, a significant surmountable
barrier, 2. Medical colleagues’ prescribing practices, cultural
background, and professional etiquette, 3. Uncertainty of di-
agnosis and patients’ expectations for antibiotics. As a result
of the same study, it was clear that these difficulties created
pressure on general practitioners to write prescriptions.

In a study titled “Antibiotic Preferences of Family Physicians
in Various Indications in Kayseri” conducted by, as a result
of a survey conducted on 162 family physicians, 96% of the
physicians who attended the scientific meeting on antibiotic
use in the last three years and 89.1% of the physicians who
did not attend the scientific meeting stated that they chose
broad-spectrum antibiotics as the first choice in bacterial-in-
duced acute tonsillopharyngitis in children (9). As a result of
the study, it was observed that family physicians preferred
broad-spectrum antibiotics instead of narrow-spectrum anti-
biotics as the first choice when looking at antibiotic preferenc-
es in pediatric and adult patients for infectious diseases that
are common in primary care. Most physicians reported that
they chose amoxicillin or narrow-spectrum penicillins as the
first choice in bacterial acute tonsillopharyngitis in children.

A workshop was held by the American Thoracic Society on
the use of antibiotics in intensive care units (2). The Centers for
Disease Control and Prevention, the American Association of
Critical Care Nurses, the American College of Chest Physicians
and the Society of Critical Care Medicine also participated in
the creation of the workshop report. The study stated that one
of the problems in intensive care units was due to the lack of
correct antibiotic management. There were no precautions
against overuse of antibiotics. The study stated that the rea-
son for excessive use of antibiotics was the fear of missing the
causative pathogen rather than lack of knowledge, and it was
recommended that general practitioners attend continuing
medical training on antibiotic management in intensive care.

A study was conducted by Yigit and Karagol to evaluate
parental attitudes and knowledge regarding rational antibi-
otic use (8). As a result of the survey conducted on 545 sam-
ples, it was revealed that as the knowledge level of parents
increased, their attitudes towards rational antibiotic use in-
creased. Besides, in the study, it was observed that mothers’
knowledge and attitude scores regarding rational antibiotic
use were higher than fathers. A significant relationship was
observed between education level and rational antibiotic use,
and it was observed that as the education level increased,
knowledge about antibiotic use also increased. In the study,
the relationship between age and knowledge and attitudes
about rational antibiotic use was also analyzed, and it was ob-
served that the level of knowledge did not increase with age,
but the attitude scores decreased.

In the survey study conducted by Budak on the evaluation
of dentists’ knowledge and attitudes in prescribing antibiot-
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ics, 400 physicians were included (14). According to the study
results, approximately half of the dentists examined less than
three children daily, while approximately half examined more
than five children daily. Most physicians (72.75%) made deci-
sions based on symptoms when prescribing antibiotics. When
determining antibiotic dose in pediatric patients, 63.75% of
the physicians adjusted it according to weight, while 88.75%
asked whether they had used antibiotics in the last week when
prescribing antibiotics. All physicians (99.25%) prescribed oral
antibiotics. In the study, physicians’ antibiotic knowledge level
was found to be 11.63 out of 17 points. (This rate is 68.41 out of
100 points). The active ingredient of the antibiotic preferred by
physicians was 26.75% amoxicillin, 72.5% amoxicillin clavulanic
acid, 0.25% erythromycin, 0.25% azithromycin and 0.5% other.
In the example, when asked about the antibiotic to be given
in case of penicillin allergy, 45.75% of the physicians preferred
azithromycin, 25.5% preferred erythromycin, 23.5% preferred
cefazolin and 5.25% preferred tetracycline. In the study, the
knowledge level of female pediatric dentists about prescrib-
ing antibiotics was found to be significantly higher than that of
male dentists, and the knowledge level of dentists with 11 years
or more of service was found to be significantly lower than
that of dentists with 1-5 years of experience. In the study, the
knowledge levels of physicians who examined more patients
daily were significantly higher than those who examine fewer
patients. In the study, the knowledge level of those who adjust-

ed the antibiotic dosage according to weight was higher than
those who adjusted the antibiotic dosage according to age and
severity of the disease. The knowledge level of physicians who
asked about antibiotic use in the last week was significantly
higher than those who did not. The level of knowledge of those
who explained antibiotic use and its consequences to their par-
ents was significantly higher than those who digd not. Finally,
the knowledge level of those who knew the term antibiotic re-
sistance was significantly higher than those who did not.

Various difficulties are encountered in the use of antibiotic
prescriptions in the field of pediatrics by patients due to differ-
ent reasons. To overcome this problem, the MCDM approach
has been proposed. In this study, factors affecting drug use
were determined as four main headings and twenty-one
sub-criteria. Fifty pediatricians participated in this study and
evaluated the active ingredients of five antibiotics according
to 21 criteria. At the end of the study, as seen in Table 4, the
first preferred antibiotic agent was amoxicillin clavulanic acid.
While azithromycin was in the second place, clarithromycin
was in the third place, the last two places were shared by cef-
dinir and cefiksime.

In order to analyze the results in more detail, the problem
was solved separately according to four main factors and the
results in Table 5 were obtained. When the results were exam-
ined, it was seen that the results obtained in terms of factors

Table 5. Ranking antibiotic preferences according to four main factors, physician sex and professional experience

Methods

Criteria Azithromycin | Clarithromycin | Amoxicillin clavulanic acid Cefdinir Cefixime
1. Evaluation of antibiotics in terms of drug-re- 0,969 0562 0,941 019 0035
lated factors
Preference ranking 1 3 2 4 5
2. Evaluation of antibiotics in terms of physici- 0.734 0574 0,855 0,159 0,041
an-related factors
Preference ranking 2 3 1 4 5
3. Evaluation of antibiotics in terms of factors
related to the cost and reimbursement condi- 1.000 0.692 0.883 0.098 0.000
tions of the drug
Preference ranking 1 3 2 4 5
4. Evaluation Qfant\b\och in terms of paren- 0874 0474 1000 0160 0,000
tal factors (sociocultural level)
Preference ranking 2 3 1 4 5
Indicator of male physicians' preferences C ¢ 0.851 0486 0.901 0.236 0.059
Preference ranking 2 3 1 4 5
gwd(lf)ator of preferences of female physicians 0761 0,646 0757 0,028 0242

(i)
Preference ranking 1 3 2 4 5
Less than 13 years C, ¥ 0.801 0.689 0.799 0.211 0.162
Preference ranking 1 3 2 4 5
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Table 5. Ranking antibiotic preferences according to four main factors, physician sex and professional experience (continue)

Methods
Criteria Azithromycin | Clarithromycin | Amoxicillin clavulanic acid Cefdinir Cefixime
Above 13 years C, & 0.882 0.498 0.806 0.166 0.137
Preference ranking 1 3 2 4 5

C,, " Relative proximity.

related to the physician and the parent were the same as the
general results. While the results of drug-related factors, cost
and reimbursement conditions were the same, azithromycin
took the first place in these results. In all sub-solutions, the
second-place option and the last two orders were the same.

While other studies in the literature have found that the
knowledge level of female physicians is significantly higher
than that of male physicians, in our study it was found that
the selection of active ingredients differed according to sex
(14). While the order of preferences of the 20 male pediatric
physicians who participated in the survey was found to be
amoxicillin clavulanic acid (0.901) > azithromycin (0.851) >
clarithromycin (0.486) > cefdinir (0.224) > cefixime (0.059), the
preference of thirty female physicians was determined to be
azithromycin (0.801) > amoxicillin clavulanic acid (0.799) >
clarithromycin (0.689) > cefdinir (0.211) > cefixime (0.162).

While in a study in the literature, the knowledge level of
those with professional experience of 11 years or more was
found to be significantly low, in our study, the experience was
determined as less than and above 13 years, and the ranking
of both results were similar (14). Azithromycin was preferred
first (Table 5). Amoxicillin was chosen in the study conducted
by according to the TOPSIS method in the study conducted by
us, these two alternatives (azithromycin and amoxicillin clavu-
lanic acid) were calculated to be the antibiotics closest to the
ideal solution. After these, it was determined that clarithromy-
cin was in the third place, and cefdinir and cefixime were in
the last two places.

Conclusion

Various difficulties are encountered in the use of antibiotic
prescriptions in the field of pediatrics by patients due to differ-
ent reasons. To overcome this problem, the MCDM approach
has been proposed.

The first preferred antibiotic agent was amoxicillin clavu-
lanic acid. The results of drug-related factors, cost and reim-
bursement conditions were the same, and Azithromycin took
the first place in these results. In all sub-solutions, the sec-
ond-place option and the last two orders were the same.

While other studies in the literature found that the knowl-
edge level of female physicians was significantly higher than
that of male physicians, in our study it was found that the se-
lection of active ingredients differed according to sex.

While in a study in the literature, the knowledge level of
those with professional experience of 11 years or more was
found to be significantly low, in our study, experience was de-
termined as less than and above 13 years, and the ranking of
both results was the same. Azithromycin was preferred first.

According to the TOPSIS method in the study conducted
by us, these two alternatives (azithromycin and amoxicillin
clavulanic acid) were calculated to be the antibiotics closest
to the ideal solution. After these, it was determined that clar-
ithromycin was in the third place, and cefdinir and cefixime
were in the last two places.

Suggestions

It is observed that multiple factors determining the treat-
ment as well as the diagnosis are effective in the selection of
antibiotic therapy and increase the success achieved in the
treatment. In this respect, it is recommended that physicians
take these factors into consideration when choosing antibiot-
ic therapy.
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