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Pozlu Cifci M. et al.

The Frequency of Gastroesophageal Reflux Disease (GERD) in
Migraineurs and the Impact of GERD Treatment on Migraine

Attacks

ABSTRACT

Obijective: To determine the frequency of gastroesophageal reflux disease (GERD) in migraine
patients and investigate the impact of adherence to gastroesophageal reflux treatment on migraine
attack frequency.

Method: A total of 757 people aged 18-45 years who applied to the Dokuz Eylul University
(DEU) Neurology-Headache Clinic and the DEU Family Health Centers and met the inclusion
criteria were included in the study. Exclusion criteria were pregnancy, cancer or alarming
findings, and any mental disability that would prevent understanding of the questionnaire. The
Migraine Diagnostic Questionnaire, including International Headache Society (IHS) criteria, was
used to diagnose migraine, the Gastroesophageal Reflux Disease Questionnaire (GERDQ) to
diagnose GERD, and the Modified Morisky Scale to assess medication compliance. SPSS 22
package was used for statistical analysis. Chi-square, t-test and ANOVA were used for statistical
evaluation of the data, and p<0.05 was considered significant.

Results: Of the 757 people who participated in the study, 428 patients were diagnosed with
migraine and followed up in the neurology outpatient clinic. Of the 329 patients who applied for
family health centers, 122 were diagnosed with migraine and 108 with non-migraine headaches.
99 did not complain of headache. When the GERDQ scores of the patients participating in the
study were evaluated, there were 183 people (33.3%) with a GERDQ score of 8 and above among
the migraineurs, 19 people (17.6%) with non-migraine headaches and 8 people (8.1%) without
headaches. The GERDQ reflux score of migraineurs was found to be higher than in the other
groups and this level was statistically significant (p<0.001). When the migraine attack frequency
of migraine patients treated for GERD was evaluated, no significant relationship was found
between treatment adherence and migraine attack frequency.

Conclusions: The incidence of GERD in patients with migraine was found to be higher than in
patients without migraine, and the compliance of these patients with treatment was found to be
lower. It may be useful to ask patients with migraine about GERD when they come to the
outpatient clinic and to support their motivation for treatment.

Keywords: GERD, Migraine, Medication Adherence.

Migren Hastalarinda Gastroozofageal Reflii Hastahg) (GORH)
Sikhigi ve  GORH Tedavisinin Migren Ataklar1 Uzerindeki

Etkisi

OZET

Amac: Migren hastalarinda gastrodzofageal reflii hastaligi (GORH) sikligini belirlemek ve
GORH tedavisine uyumun migren atak siklig iizerindeki etkisini aragtirmak.

Yontem: Dokuz Eyliil Universitesi (DEU) Néroloji-Bas Agris1 Klinigi ve DEU Aile Sagh
Merkezlerine bagvuran ve dahil etme kriterlerini karsilayan 18-45 yas arasi toplam 757 kisi
caligmaya dahil edildi. Dislama kriterleri gebelik, kanser, alarm bulgular1 ve anketin anlasilmasini
engelleyecek herhangi bir zihinsel engeldi. Migreni teshis etmek i¢in Uluslararasi Bas Agrisi
Dernegi (IHS) kriterlerini igeren Migren Tani Anketi, GORH' yi teshis etmek igin
Gastroozofageal Reflii Hastaligi Anketi (GERDQ) ve ilag uyumunu degerlendirmek i¢in Modifiye
Morisky Olgegi kullamild1. Istatistiksel analiz i¢in SPSS 22 paketi kullanildi. Verilerin istatistiksel
degerlendirilmesinde ki-kare, t-testi ve ANOVA kullanild1 ve p<0,05 anlamli kabul edildi.
Bulgular: Calismaya katilan 757 kisiden 428'i migren tanist almis ve noroloji polikliniginde takip
ediliyordu. Aile sagligi merkezlerine basvuran 329 hastadan 122'si migren tanisi almig ve 108'i
migren disi bas agrist tanist almigti. 99'unun bas agrist sikayeti yoktu. Caligmaya katilan
hastalarin GERDQ skorlar1 degerlendirildiginde migren tanist olanlarda GERDQ skoru 8 ve iizeri
olan 183 kisi (%33,3), migren dist bas agrisi olan 19 kisi (%17,6) ve bas agris1 olmayan 8 kisi
(%8,1) vardi. Migren tanisi olanlarda GERDQ reflii skorunun diger gruplara gore yiiksek oldugu
ve bu diizeyin istatistiksel olarak anlaml oldugu bulundu (p<0,001). GORH tedavisi alan migren
hastalarinda tedaviye uyumun migren atak siklig1 ile anlamli bir iligkisinin olmadig1 goriildii.
Sonug: Migren tanisi olan hastalarda GORH insidans1 migreni olmayan hastalara gore daha
yiiksek bulunmug ve bu hastalarin tedaviye uyumunun daha diisiik oldugu goriilmiistiir. Migrenli
hastalara poliklinik bagvurularinda GORH varlig1 arastirilmasi ve tedavi motivasyonlarmnin
desteklenmesi faydali olabilir.

Anahtar Kelimeler: GORH, Migren, {lag Uyumu.
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Pozlu Cifci M. et al.

INTRODUCTION

Migraine is described as a neurological
disorder characterized by hyperexcitability of brain
networks, sometimes due to metabolic imbalances
(like  magnesium  deficiency) or  genetic
predispositions. It often involves central and
peripheral nervous system dysfunction, and its
comorbidities can include various metabolic,
cardiovascular, and gastrointestinal disorders, such
as GERD. GERD is a condition where stomach acid
frequently flows back into the esophagus, causing
irritation. It can be exacerbated by increased nitric
oxide levels, which may also play a role in migraine
pathophysiology by relaxing the lower esophageal
sphincter, making reflux more likely. When
examining the pathophysiology of both migraine
and gastroesophageal reflux disease, some studies
have found that migraines in patients are associated
with  brain hyperexcitability (due to from
magnesium  deficiency) and ion  channel
abnormalities due to chromosome 18 abnormalities.
In addition, some studies have reported
hypomagnesemia following the use of proton pump
inhibitors in patients with gastroesophageal reflux
patients. Plasma nitrate, nitrite, and total nitrite
levels have been found to be high in both periods
(interictal and attack period) in both aura-free and
aura-present migraineurs. Nitric oxide (NO) at low
concentrations is effective in maintaining the
mucosal integrity of the stomach. Increased NO
levels relax the lower esophageal sphincter.
Impairment of the lower esophageal integrity also
plays a role in the pathogenesis of reflux (1-5).

Although both of these conditions are
frequently encountered in clinical practice, there is
limited research in the literature on this topic. One
study compared migraine patients, tension-type
headache patients, and a control group to evaluate
the incidence of gastroesophageal reflux disease,
finding a significantly higher incidence of
gastroesophageal reflux in migraine patients (6-9).,

The aim of this research is to determine the
incidence of gastroesophageal reflux disease in
migraineurs and to investigate the effect of
adherence to gastroesophageal reflux treatment on
migraine attack frequency.

MATERIAL AND METHODS

The study was designed as cross-sectional
descriptive research. The necessary permissions
were obtained from the Dokuz Eylul University
Ethics Committee. It was conducted among
individuals aged 18-45 years who presented to the
Department of Family Medicine, the Department of
Neurology Headache Clinic, and the Family Health
Centre.

Individuals aged between 18 and 45 were
included in the study, as the most common age
range for migraine is reported to be 30 to 50 years
in international studies and 30 to 39 years in
Turkey.

The sample size was calculated to be
minimum 632, with a minimum of 316 people in
each group, assuming a 10% difference between the
two groups, a 5% margin of error, 80% power, and
a 95% confidence level.

The study was completed with a total of 757
individuals who applied to the Headache Clinic and
Family Health Centers and who met the inclusion
criteria, which were defined as being between 18
and 45 years of age, willing to participate in the
study, and having no physical or mental problems
that would interfere with understanding and
answering the questionnaire. Exclusion criteria
were pregnancy, dysphagia, odynophagia, iron
deficiency anemia, weight loss, hematemesis or any
condition that would make it difficult to understand
and respond to the questionnaire.

Participants were verbally informed about
the study before enrolment. The researcher then
took anthropometric measurements (height and
weight) and, using a face-to-face interview
technique, completed a  sociodemographic
questionnaire (including age, education, alcohol
consumption, smoking habits, and exercise status)
and a health-related information form.

Participants  completed the  Migraine
Diagnosis Questionnaire, which includes the
criteria of the International Headache Society (IHS)
criteria for migraines, the GERDQ questionnaire,
and the Modified Morisky Scale for medication
adherence.

Data Collection Tools

Sociodemographic ~ questionnaire:  The
researcher prepared a questionnaire that included
the following information about the participant:
age, sex, weight, height, education level, exercise
status in the past six months, and questions about
smoking and alcohol consumption.

Migraine diagnosis questionnaire: A 15-
item questionnaire was administered based on the
criteria for migraine diagnosis according to the
International Classification of Headache Disorders
(ICHD-III) by the International Headache Society.
The questionnaire items cover a range of topics
including the age of onset, frequency, duration,
headache characteristics, location, intensity,
triggers, and associated symptoms (10).

GERDQ: Gastroesophageal Reflux Disease
Questionnaire: The GERDQ is a patient-centered
self-administered questionnaire used for the
diagnosis and management of gastroesophageal
reflux disease (GERD). It aims to differentiate
between patients with frequent and occasional
symptoms, and to guide treatment accordingly. It
also allows the effects of treatment on patients'
symptoms and daily life to be monitored.

The GERDQ questionnaire scores the
frequency of six items experienced in the past seven
days (heartburn, regurgitation, dyspepsia, nausea,
need for non-prescription medication, and sleep
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disturbance). Using a four-point scale ranging from
zero to three, zero indicates zero days in a week,
one indicates one day in a week, two indicates two
days in a week, and three indicates 4-7 days in a
week. Two items of the GERDQ questionnaire
assess the impact of symptoms on the patient’s
daily life (need for non-prescription medication and
sleep disturbance). The remaining four items
(heartburn, regurgitation, need for non-prescription
medication, and sleep disturbance) are used to
monitor and evaluate the response to treatment.

During the administration of the
questionnaire, a score of 2 or 3 on any item
indicates the need to reassess the treatment (11). In
the GERDQ questionnaire, complaints experienced
in the past week are assessed, and scores are
assigned for each item, which are then summed to
obtain a total score [0-18]. Additionally, the sum of
scores from the 5th and 6th questions provides an
impact score [0-6]. An impact score of 3 or higher
indicates a significant impact of reflux. The validity
and reliability studies for the GERDQ were
conducted by Hangerlioglu and Bor, and it is
recognized as a practical tool for assessing reflux
symptoms in the Turkish population (12).

The  Modified Morisky ~ Medication
Adherence Scale: The Modified Morisky
Medication Adherence Scale is a 6-item scale with
response options of "yes" and "no." In the
participant's responses, in the 2nd and 5th
questions, a score of 1 is assigned for "yes", and 0

Table 1. Demographic characteristics of the participants

for "no." In the 1st, 3rd, 4th, and 6th questions, a
score of 0 is given for "yes," and 1 for "no." The
total score obtained from the 1st, 2nd, and 6th
questions indicates low motivation if 0 or 1, and
high motivation if >1. The total score obtained from
the 3rd, 4th, and 5th questions indicates low
knowledge if 0 or 1, and high knowledge if >1.

The Turkish validity and reliability of the
Modified Morisky Medication Adherence Scale
were conducted by Bekir Vural and colleagues
(13,14).

RESULTS

A total of 757 people were included in the
study, consisting of whom 481 (63.5%) were
women and 276 (36.5%) were men. The age range
of the participants was between 18 and 45 years,
with a mean age of 32.67 (std=6.61) for females
and 32.48 (std=6.22) for males. Regarding the
participants’ educational status of the participants,
33.8% had completed high school education, while
29.2% had completed university or higher
education (Table 1).

Regarding health care utilization, after being
diagnosed with migraine, 43.5% of the patients
went to the family health center (FHC) and 56.5%
to the headache clinic (Table 1).

Among our participants: 35.7% smoked and
22.5% consumed alcohol, while 31.3% reported
regular exercise in the previous six months. The
mean body mass index (BMI) was 24.96 kg/m2.

Demographic  characteristics of  the

Total (n=757)

participants Number (n) Percentage (%)
Age Groups
18-20 23 3.0
21-25 93 12.3
26-30 158 20.9
31-35 227 30.0
36-40 161 21.3
41-45 95 12.5
Sex
Women 481 63.5
Men 276 36.5
Education Status
Iliterate 7 0.9
Literate 20 2.6
Primary School 89 11.8
Secondary School 164 21.7
High School 256 33.8
University and higher 221 29.2
Application places of patients
Family Health Center 329 435
Headache treatment clinic 428 56.5
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50.6% of individuals were classified as
underweight or normal weight, while 9.6% were
classified as obese or morbidly obese. Of the 757
participants, 193 (29.3%) reported having a
good/regular sleep pattern and 124 (18.8%)
reported early morning awakening/tiredness (Table
2).

Table 2. Typical behaviors of the participants

Typical behaviors of the Total (n=757)

participants Number (n) %

Tobacco usage

Yes 270 35.7
No 487 64.3
Alcohol usage

Yes 170 22.5
No 587 775
Exercise

Yes 237 31.3
No 520 68.7

Classification according to body mass index

Underweight and  Normal

Weight 383 50.6
Overweight 301 39.8
Obese and Morbid Obese 73 9.6
Sleep behaviors

Good/regular 193 29.3
Insomnia/difficulty falling 105 16.0
asleep

Frequent waking / difficulty

falling back asleep 114 17.3
Early _morning vyaking / 124 18.8
exhaustion after waking

Difficulty waking up in the 122 185

morning/ excessive sleepiness

The most commonly reported chronic
conditions were as follows 4.8% had
hypothyroidism, 3% had hypertension, 2.6% had
diabetes mellitus, 2.5% had asthma and 0.9% had
allergies (Table 3).

Table 3. The chronic disease status of the
participants

The chronic disease status _Total (n=757)

of the participants Number (n) %

Chronic diseases

+ 157 20.7
- 600 79.3
Top 5 Chronic Diseases

Hypothyroid 37 4.8
Hypertension 23 3.0
Diabetes Mellitus 20 2.6
Asthma 19 25
Allergy 7 0.9

Of the 757 participants in the study, 428
were diagnosed with migraine and were patients in
the neurological headache clinic. Of the patients
attending the FHC, 122 were diagnosed with
migraine and 108 with non-migraine headaches. 99
had no headache complaints. Of the 658

respondents with headache complaints, 404
(61.4%) had sought medical advice. The most
common diagnoses were migraine in 274 (41.6%)
and tension-type headache in 27 (4.1%) (Table 4).

When asked about the frequency of
headache episodes, 193 people (29.3%) reported
having headaches once a month, 192 (29.2%) 1-3
days a week and 183 (27.8%) every other week
(Table 4).

Regarding the type of headache onset, 212
(32.2%) reported sudden onset and 446 (67.8%)
reported gradual onset and progression. Regarding
the characteristics of the headache, 596 individuals
(90.6%) reported throbbing pain, 114 individuals
(17.3%) reported dull pain and 213 (32.4%)
reported a feeling of heaviness associated with the
headache (Table 4).

The most common pattern of headache onset
was irregular, reported by 298 respondents (45.3%).
When asked about the duration of the headache,
369 (56.1%) reported that it lasted from 4 to 12
hours and 112 (17%) that it lasted from 12 to 24
hours. The intensity was severe in 321 people
(48.8%) and moderate in 243 people (36.9%)
(Table 4).

Aura symptoms were present in 293 people
(44.5%) with headaches. The most common
accompanying symptoms of headache were
sensitivity to sound, reported by 617 individuals
(93.8%), sensitivity to light, by 596 individuals
(90.6%), and nausea, by 559 individuals (85%)
(Table 4).

The location of the headache was unilateral
in 532 patients (80.9%). The most common
headache onset was in the afternoon, reported by
295 patients (44.8%). Regarding the use of
medication for headache, 470 patients (71.4%)
reported the use of analgesics and 172 (26.1%)
reported the use of headache prophylaxis (Table 4).

Of the patients with headaches, 293 had aura
symptoms. These symptoms began before the
headache in 150 (51.2%), were visual in 233
(79.5%) and lasted between 5 and 20 minutes in
173 (59%). Of the 431 female headache sufferers,
223 (51.7%) reported an association between their
headache and menstruation. When the relationship
between gender and headache type was evaluated,
the number of women in the headache groups was
statistically significantly higher than in the non-
headache group (p=0.13). Looking at mean age, the
mean age of migraineurs was 33.68 years, non-
migraineurs 29.28 years and non-headaches 30.25
years (p<0.001).

The proportion of participants in each
category with a GERDQ score of 8 or higher was as
follows: 183 (33.3%) in migraineurs, 19 (17.6%) in
non-migraineurs and 8 (8.1%) in non-headaches.
Migraineurs had higher GERDQ reflux scores, and
this increase was statistically significant compared
with  both  migraineurs and non-headaches
(p<0.001) (Table 5).
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Table 4. Headache characteristics of the

Number Percentage

participating patients (n) (%)
Total (n=658) Headache with aura
I-:cea;]dache <_:h_aracter|st|cs Number _ Percentage Yes 293 245
of the participants M) (%) No 365 o c
Age of headache onset Symptoms accompanying headache
5-15 212 32.2 Nausea 559 85.0
16-25 340 51.7 Vomiting 237 36.0
26-35 96 14.6 Light sensitivity 596 90.6
36-45 10 15 Sound sensitivity 617 93.8
Headache-related medical consultations Odor sensitivity 410 62.3
Yes 404 61.4 Loss of appetite 442 67.2
No 254 38.6 Increase in pain with 550 83.6
Frequency of headaches physical activity
Everyday 17 2.6 The site of the headache
4-6 day/week 55 8.4 Unilateral 532 80.9
1-3 day/week 192 29.2 Bilateral 71 10.8
Once every two weeks 183 27.8 Somet_imes u_nilateral, 47 7.1
Once a month 193 593 sometimes bilateral
Once every two months 17 2.6 Others 8 12
A few days per year 1 0.2 Onset time of headache during the day
Onset pattern of headaches Morning 146 22.2
Suddenly 212 322 After_noon 295 44.8
Slow progressing 446 67.8 Everung _ 198 30.1
Characteristics of headaches During sleeping 19 2.9
Throbbing 596 206 Use of painkillers for headache
Dull 114 17.3 Yes 470 714
Exploding 69 10.5 No 188 28.6
Heaviness 213 324 Prophylactic treatment for headache
Pulsating 95 14.4 Yes 172 26.1
Tingling, burning, 49 7.4 No 486 73.9
numbness
Features of headaches
Always 187 28.4 Headache patients were assessed using the
— — : GERDQ and scored according to their impact score.
Episodic (coming in 173 26.3 An evaluation of those who scored 8 or more on the
attacks) GERDQ showed that 31 (16.9%) of the migraineurs
Intermittent (occurringat 298 453 were significantly affected by reflux disease, 4

irregular intervals)

Duration of headache

Less than 1 hour 33 5.0
1-3,59 hours 60 9.1
4-11,59 hours 369 56.1
12-23,59 hours 112 17.0
More than 24 hours 84 12.8
Severity of headache

Mild 22 3.3
Moderate 243 36.9
Severe 321 48.8
Very severe 72 10.9

(21.1%) of the non-migraineurs and 2 (25%) of the
non-headaches. However, this difference was not
statistically significant (p = 0.774).

The headache patients were asked about
their use of medication for stomach complaints. The
Modified Morisky Treatment Adherence Scale
(MMTAS) was used to assess the use of proton
pump inhibitors for gastric symptoms in 226
patients. Among patients with migraine headaches,
69.5% (n=132) were found to be poorly motivated
to adhere to treatment, a significantly higher
proportion than both migraine-free patients and
those without headaches (p=0.017). Among those
with non-migraine headaches, 50% (n=18) had low
motivation to adhere to treatment (Table 6).
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Table 5. The relationship between headache and GERDQ

Evaluation based on GERDQ score (n=757)

The relationship between -
headache and GERDQ 0-7 point 28 points p value
n % n %
Headache type
Migraine headache 367 66.7 183 33.3
Non-migraine headache 89 82.4 19 17.6 <0.001
No headache 91 91.9 8 8.1
GERDQ: Gastroesophageal Reflux Disease Questionnaire
Table 6. Evaluation of those receiving treatment for GERD according to the MMMAS
Evaluation according to The Modified Morisky Medication
p value
Headache tvoe Adherence Scale
yp Poor medication adherence  High medication adherence
n % n %
Migraine headache 132 69.5 58 30.5
Non-migraine headache 18 50 18 50 0.017
No headache 5 41.7 7 58.3

MMMAS: Morisky Medication Adherence Scale

DISCUSSION

According to the literature, migraine is
described as a recurrent primary headache disorder
characterized by unilateral, pulsating pain of
moderate to severe intensity, with
pathophysiological mechanisms that are not fully
understood. In our study, when examining the pain
characteristics of patients, we found them to be
consistent with the literature. There is no definitive
laboratory test for diagnosing migraines. The
diagnosis is based on the criteria established by the
International Headache Society (IHS), which we
also adhered to in our study (10,15).

Epidemiological studies conducted in our
country have found that the prevalence of migraine
is 16.4%. In general, 21.8% of women and 10.9%
of men are affected. Migraines can occur at any
age, but they are most seen between the ages of 30
and 50 (16,19). The prevalence of migraine varies
by age and sex, with higher rates observed in males
before adolescence, but a marked increase in
females after puberty. The prevalence continues to
rise until the age of 40 and then begins to decline.
The most common onset of migraines is in the
second and third decades of life. People who
experience their first migraine attack after the age
of 50 represent only about 2% of cases. All studies
show a higher incidence of migraine in women,
with a male-to-female ratio of 1:2-3. While the
exact reason for this is unknown, it is thought to be
related to female sex hormones. The higher
proportion of female participants in our study may
be because migraines tend to be more severe in
women, leading to a higher rate of hospital
admissions. Possible reasons for this imbalance

include the effects of sex hormones, genetic factors,
differential exposure to environmental stressors,
and differences in pain perception and response to

stress (20,21).
In one study, the incidence of
gastroesophageal reflux disease (GERD) was

reported to be about 27% in the migraine group and
10% in the control group. Gastric ulcers were also
found to be more common in the migraine and
tension-type headache groups compared to the
control group (11.9% in the migraine group, 11.9%
in the tension-type headache group, and 5.65% in
the control group) (22). In our study, the prevalence
of GERD was found to be 33.3% in migraine
patients, 17.6% in the non-migraine group, and
8.1% in the group without headaches. Another
clinic-based study found no significant difference in
the prevalence of gastritis and peptic ulcers between
migraineurs and non-migraineurs. However, like
our study, they reported a higher frequency of
gastroesophageal reflux disease (GERD) in
migraineurs compared with those without migraines
(42% in migraineurs and 18% in those without
migraines) (23). While the exact mechanism
underlying the increased incidence of GERD in
migraine patients is not fully understood, it is
known that these two conditions share common
pathophysiological mechanisms. Autonomic
nervous system dysfunction has been associated
with both types of headaches, particularly migraine,
and with gastrointestinal ~ disorders (24-26).
Therefore, it is likely that autonomic nervous
system dysfunction plays a role in the pathogenesis
of these disorders and may explain the co-
occurrence of gastroesophageal reflux disease
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(GERD) and migraine. Additionally, patients with
dyspeptic symptoms have been reported to have
abnormal visceral mechanics, sensory functions,
and vagal function, and migraine is also associated
with visceral nerve dysfunction (27).

Both epidemiological data and
pathophysiological evaluations have reported an
association between migraine and gastrointestinal
disorders.  These  studies  suggest  that
gastrointestinal symptoms in migraine patients may
be a consequence of migraine attacks. The cross-
sectional design of this study, however, does not
allow us to determine whether migraine attacks
cause gastrointestinal symptoms or if other
common risk factors contribute to the relationship
between these two conditions. Gastrointestinal
symptoms may also be a side effect of medications
used to treat migraines. Opioid analgesics can cause
constipation  and  nausea, and  various
gastrointestinal complaints are known to be
common side effects of non-steroidal anti-
inflammatory drugs (NSAIDs). Additionally,
psychological factors may have a common basis for
both conditions, as both are strongly associated
with anxiety and depression (28). In our study, no
significant association was found between the use
of analgesics and GERD. One possible explanation
for this is that some patients using NSAIDs also use
proton pump inhibitors (PPIs), which may delay the
onset of NSAID-induced gastric erosion or suppress
symptoms. This may explain the lack of
significance in the incidence of reflux disease
among patients using NSAIDs in our study.

A review of the current literature reveals a
lack of studies specifically investigating the impact
of gastroesophageal reflux disease (GERD)
treatment on the frequency of migraine attacks. In
our study, no significant effect of GERD treatment
on migraine attack frequency was observed. A
potential explanation for this finding could be that
proton pump inhibitor (PPI) therapy in GERD
patients provides symptomatic relief rather than a
definitive cure in many cases. Additionally, a
significant proportion of patients may use PPIs
intermittently, primarily  during  symptom
exacerbation, rather than following a consistent and
prescribed treatment regimen. Further research is
required to elucidate this issue. In analyzing other
data, we found that according to the Modified
Morisky Medication Adherence Scale, medication
adherence motivation in the migraine group was
significantly lower compared to the group without
headaches. To our knowledge, no other study has
examined the relationship between treatment
adherence in gastroesophageal reflux disease and
the frequency of migraine attacks. While previous
studies have explored the relationship between
reflux and migraines, which is also included in our
study, this study's strength lies in its evaluation of
treatment adherence (8,29,30). Another strength is

that the data were collected through face-to-face
interviews conducted by a physician.

However, several limitations must be
considered. The number of individuals with non-
migraine headaches or without headache symptoms
was lower than that of migraineurs, which might
have contributed to the differing observed rates of
reflux disease. Additionally, the inclusion of
patients undergoing long-term PPI therapy, who
experienced a reduction or disappearance of
symptoms, could have influenced the reported
prevalence of reflux disease. There may also have
been some data loss due to inconsistent PPI usage,
as some patients may not have been able to provide
clear information. When designing the study, it
might have been more appropriate to include
patients in the migraine group, the other headache
group, and a control group without headaches,
provided that they had not taken proton pump
inhibitors or similar reflux treatments for at least
the last 6-8 weeks. Especially in the control group,
treatments for conditions like gastritis or peptic
ulcers may have masked GERD symptoms,
potentially reducing the prevalence in this group.

CONCLUSION

Our  study  results indicate  that
gastroesophageal reflux disease (GERD) is
significantly more prevalent among migraineurs
compared to those with non-migraine headaches or
without headache symptoms. Consistent with the
literature, migraine prevalence was significantly
higher among women than men in our participant
group.

When assessing the impact of headaches and
the results of the GERDQ questionnaire regarding
the influence of GERD, no significant differences
were found in impact scores between migraineurs,
individuals with non-migraine headaches, and those
without headache symptoms. Among GERD-
treated patients, a significant association was
observed between poor medication adherence and
the presence of migraine headaches. However, no
significant link was found between medication
knowledge and migraine. Although these findings
are intriguing, they require further research for
validation.

No significant association was found
between medication adherence and migraine attack
frequency in GERD-treated patients. These findings
provide valuable insights into the relationship
between migraine, GERD, medication adherence,
and the impact of GERD on migraine sufferers.
However, more research is necessary to confirm
and expand upon these findings. To better
understand the relationship between migraine and
GERD, future studies should explore the impact of
the duration and severity of PPl treatment on
migraine attack  frequency. Additionally,
intervention studies aimed at improving medication
adherence and awareness could be beneficial.
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Retrospective Analysis of Pregnant Cases in Terms of

Drug-Drug Interactions and Teratogenic Risks

ABSTRACT

Objective: While teratogenic risks in pregnant women are frequently discussed,
polypharmacy and drug-drug interactions (DDI) are topics with little known
information. The aim of this study is to determine the polypharmacy status, DDI, and
teratogenic risk profile during pregnancy.

Method: A retrospective cohort study was conducted covering the year 2023 on
pregnant women who were referred for pharmacology consultation due to a history of
drug use. Investigation of DDI was performed through the Micromedex and Medscape
online query modules.

Results: It was found that 113 pregnant women used a total of 71 different active
ingredient drugs from 24 diverse pharmacological groups. The average number of drugs
used per individual was 2.97. Analgesics, antibiotics, and gastric acid inhibitors were
the most used medications, respectively. 11.6% of the women had a comorbidity, and
cardiovascular diseases were the most common. It was determined that 28.3% of
women had a serious or moderate DDI. The rate of drugs in categories D and X, which
are particularly risky in terms of teratogenicity, was found to be 40.8%.

Conclusions: In addition to teratogenic effects, polypharmacy and DDI are also
significant risk factors in pregnant women. There is still a crucial need for evidence on
the medications prescribed in pregnancy, how it specifically affects women with
comorbidities, and related benefits and harms.

Keywords: Polypharmacy, Teratogenicity, Drug Interactions, Comorbidities,
Pregnancy.

Gebe Olgularin Ilac-ila¢c Etkilesimleri ve Teratojenik

Riskler Agisindan Retrospektif Analizi

OZET

Amac: Gebelerde teratojenik riskler sikga tartisilan bir konudur ancak polifarmasi ve
ilag-ilag etkilesimleri (IIE) hakkinda ¢ok az bilgi mevcuttur. Calismanin amaci, gebelik
sirasinda meydana gelen polifarmasi durumunu, IIE ve teratojenik risk profillerini
belirlemektir.

Yontem: 2023 yili siiresince gebelikte ilag kullanim 6ykiisii nedeniyle farmakoloji
konsiiltasyonuna yonlendirilen kadinlari kapsayan retrospektif bir kohort calismasi
yapildi. IIE arastirmasi Micromedex ve Medscape online sorgu modiilleri kullanilarak
gerceklestirildi.

Bulgular: 113 gebenin toplamda 24 farkli farmakolojik gruptan 71 farkli etken madde
iceren ila¢g kullandigi bulundu. Birey basina kullanilan ilaglarin ortalamasinin 2,97
oldugu saptandi. Sirasiyla agr1 kesiciler, antibiyotikler ve mide asidi inhibitorlerinin en
¢ok kullanilan ilaglar oldugu belirlendi. Kadinlarin %11,6'sinda bir komorbidite oldugu
ve en sik kardiyovaskiiler hastaliklara sahip olduklari belirlendi. Gebelerin %28,3'tinde
ciddi veya orta derecede IIE oldugu tespit edildi. Teratojenik acidan &zellikle riskli olan
D ve X kategorisindeki ila¢ oraninin %40,8 oldugu saptandi.

Sonug: Teratojenik etkilerin yani sira, polifarmasi ve IIE de gebelerde onemli risk
faktorleridir. Gebelikte regete edilen ilaglar, 6zellikle komorbiditeleri olan kadinlar
iizerindeki fayda ve zararlari konusunda kanitlara halen kritik derecede ihtiyag
bulunmaktadir.

Anahtar Kelimeler: Polifarmasi, Teratojenite, Ila¢c Etkilesimleri, Komorbiditeler,
Gebelik.
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INTRODUCTION

Pregnancy is a lengthy physiological process
that lasts approximately 40 weeks, ideally
culminating in a healthy birth. Although women
generally prefer to minimize medication use during
this sensitive period, they often require drug
treatment for various reasons related to chronic
illnesses,  infections, or  pregnancy-related
conditions (e.g., anemia, emesis). Additionally, it is
common for women to use medications for acute or
chronic diseases before recognizing their
pregnancy. For pregnant women with various
comorbidities, medication use becomes
unavoidable, despite the potential adverse effects on
both the expectant mother and the fetus (1).
Avoiding treatment for certain  conditions
throughout pregnancy to mitigate the risks
associated with medication use can negatively
impact both maternal and fetal health (2). However,
it is possible to reduce these risks by implementing
rational precautions. The frequency of medication
use during pregnancy can vary between countries
due to differences in educational, cultural, and
socioeconomic conditions, such as access to
healthcare providers and medications. Various
studies conducted in different populations indicate
that between 60% and 84.7% of women use at least
one medication during their pregnancies (3,4). The
teratogenic  risks and  potential  drug-drug
interactions (DDIs) that may arise for individuals
requiring multiple medications necessitate careful
consideration, given their potential to create serious
complications for maternal and fetal health.

Developing a new drug requires years of
meticulous research and substantial financial
resources. However, due to social and ethical
considerations, the opportunity to conduct clinical
trials on pregnant women is highly restricted during
this process. Consequently, teratogenicity data for
the majority of drugs are primarily derived from
experimental animal studies. Pregnant women gain
access to medications only after the drug has been
licensed. From that point onward, the teratogenic
risk profile of the drug can be revealed over time
through clinical observations, retrospective studies,
and adverse event reports submitted by healthcare
professionals. There remains insufficient
information regarding the teratogenic effects of
most drugs available on the market. Therefore,
decisions about medication use during pregnancy
must sometimes be made by physicians without
adequate evidence regarding the effectiveness and
safety of the treatment.

The development of standardized and
comprehensible  systems  for assessing the
teratogenic risk of drugs enables physicians, along
with other healthcare professionals, patients, and
their families, to make more informed decisions
regarding potential risks. Various systematic
approaches, differing in classification, are
employed worldwide for evaluating drug-induced

teratogenic risks. In our country, the Turkish Drug
and Medical Devices Agency (TITCK), the
authority responsible for medicines, uses a
classification system that categorizes teratogenic
risks into five groups: A, B, C, D, and X. Category
A is deemed the safest, while category X is strictly
contraindicated during pregnancy, providing
essential therapeutic guidance to clinicians (5). The
teratogenicity classification system used in our
country aligns with the system established by the
US Food and Drug Administration (FDA) in 1979.
Although this organization proposed a novel
method in 2015, the five-letter classification system
remains widely preferred within the healthcare
community due to its established and easily
comprehensible language (6).

Given these considerations, our study aimed
to contribute to the literature by analyzing the drug
use profiles, potential DDIs, and teratogenic risks in
pregnant individuals referred for pharmacology
consultation by gynecologists over a one-year
period, based on the TITCK's five-letter
classification system.

MATERIAL AND METHODS

Ethical Approval: The research is a
retrospective cohort study covering the year 2023.
Approval for the research was initially obtained
from the Pamukkale University Non-Interventional
Clinical Research Ethics Committee (permission
number: E.462180), and it was conducted in
accordance with the principles of the Declaration of
Helsinki.

Study Design and Subjects: The study
population comprises pregnant individuals referred
by gynecologists from our university hospital and
four other private and public hospitals in the
Denizli province for pharmacological evaluation. A
report on drug use and teratogenic risk is prepared
based on the anamnesis obtained from these
individuals. Informed consent was obtained from
all participants before the study commenced. The
anamneses were collected by recording responses to
standard questions found in the teratogenicity
information form, which is available in printed
format in our department.

In addition to identity and contact
information, the form includes detailed questions
regarding age, education status, number of
pregnancies, gestational weeks, number of live
births/stillbirths, number of normal births/cesarean
sections, history of miscarriage, intentional
abortion, or birth anomalies in previous
pregnancies, presence of allergies or chronic
diseases, and usage status of tobacco, alcohol, or
other addictive substances. The form also captures
details of medication use, including duration,
dosage, and reasons for initiation (e.g., prescribed
by a physician, heard from the media, or purchased
over-the-counter from a pharmacy). All forms were
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completed face-to-face under the supervision of the
same pharmacologist, who also prepared the
evaluation reports.

Data Processing Procedure: During the
study period, counseling services were provided to
a total of 113 pregnant women, all of whom had
their forms completed in full, and a report was
prepared for each individual. All participants were
included in the study. The drugs were classified
according to both the TITCK teratogenic risk
classification and the degree of interaction. The
TITCK pregnancy categories used in the risk
classification of drugs are summarized in Table 1.

Table 1. TITCK* pregnancy categories used in risk
classification of drugs

Category  Description

A Adequate and well-controlled studies have
failed to demonstrate a risk to the fetus in
the first trimester of pregnancy and there is
no evidence of risk in later trimesters.

B Animal reproduction studies have failed to
demonstrate a risk to the fetus, and there
are no adequate and well-controlled studies
in pregnant women, or animal studies have
shown an adverse effect that was not
confirmed in controlled studies in women
in the first trimester and there is no
evidence of risk in later trimesters.

C Animal reproduction studies have shown an
adverse effect on the fetus, and there are no
adequate and well-controlled studies in
humans, but potential benefits may warrant
use of the drug in pregnant women despite
potential risks.

D There is positive evidence of human fetal
risk based on adverse reaction data from
investigational or marketing experience or
studies in humans, but potential benefits
may warrant use of the drug in pregnant
women despite potential risks.

X Studies in animals or humans have
demonstrated fetal abnormalities, and/or
there is positive evidence of human fetal
risk based on adverse reaction data from
investigational or marketing experience,
and the risks involved in use of the drug in
pregnant women clearly outweigh potential
benefits.

*TITCK: Turkish Drug and Medical Devices Agency

Potential DDI were analyzed using the IBM
Micromedex ~DRUGDEX® online  database
(https://www.micromedexsolutions.com) and
Medscape Drug Interaction Checker online query
modules (https://reference.medscape.com/drug-
interactionchecker). DDIs were classified into three
categories: 'serious," which should be avoided or for
which an alternative treatment is preferred,;
'moderate,’ which should be used with caution and

closely monitored; and 'minor," where the clinical
impact is insignificant or unknown, as described in
the Medscape Drug Interaction Checker online
query module.

Statistical Analysis: Statistical analysis of
the data was conducted using the IBM Statistical
Package for the Social Sciences (SPSS) version
29.0. Descriptive statistics, including frequency,
mean (X) + standard error, and percentage (%),
were employed to present the data. The chi-square
(¥®) test was utilized to assess the relationship
between categorical variables, such as smoking and
alcohol history, as well as abortion and stillbirth
history. For the analysis of relationships between
continuous variables, such as age, number of
pregnancies, and time of physician consultation, the
suitability of parameters for normal distribution was
assessed using the Shapiro-Wilk test, and the
homogeneity of variances was checked with
Levene's test. Since the parameters met the criteria
for normal distribution, the variables were analyzed
using the independent sample t-test. One-way
analysis of variance (ANOVA) was applied for
multiple groups, including education level, number
of medications used, and reasons for medication
use, as parametric conditions were satisfied. Post-
hoc pairwise comparisons were conducted using the
Bonferroni-corrected Mann-Whitney U test, with p
< 0.05 considered statistically significant.

RESULTS

Demographic and Clinical Characteristics
of the Participants: It was determined that 7% of
the study group (n = 8) continued to use substances
with addictive and teratogenic effects until they
learned about their pregnancy (2 smokers, 2 alcohol
users, and 4 individuals who used both tobacco and
alcohol). No significant relationship was found
between the individuals' educational status and their
smoking or alcohol use (p = 0.757). Additionally,
those who wused addictive substances sought
pharmacology consultation later than those who did
not (9.5 = 1.77 vs. 7.8 + 2.62, respectively; p =
0.032).

It was determined that the mean age of the
study group was 264 £+ 4.7 (minimum: 19,
maximum: 37). It was detected that all individuals
had at least basic literacy levels, with the majority
being high school graduates (50.4%, n= 57) and
university graduates (38.9%, n= 44). It was
determined that pregnant women referred for risk
assessment sought consultation at an average
gestational age of 8 weeks (7.92 £ 2.60 weeks),
with a minimum of 4 weeks and a maximum of 16
weeks. It was found that there is no significant
difference between educational level and the
duration of seeking medical consultation for
teratogenic risk assessment (p= 0.830). The
distribution of the pregnant women in the study
according to some obstetric characteristics is
presented in Table 2.
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Table 2. Distribution of pregnant women according
to some obstetric characteristics at the time of

individuals who have experienced stillbirth or
abortion in previous pregnancies and those with a

application chronic illness, compared to other pregnant women, in

Parameters n % terms of the timing of seeking medical consultation for

Pregnancy period teratogenic risk assessment (p = 0.539 and p = 0.457,

1st Trimester 107 94.7 respectively).

2nd Trimester 6 5.3 Table 3. Distribution of pregnant women according to

3rd Trimester 0 0 comorbidities and drug usage status

Miscarriage or stillbirth Parameters n %

No 99 87.6 Distribution of chronic diseases

Yes 14 12.4 Cardiovascular system 4 35

Number of previous live births Respiratory system 3 2.7

Primigravida 69 61.1 Endocrine system 3 2.7

1 38 33.6 Musculoskeletal system 1 0.9

2 4 35 Gastrointestinal system 1 0.9

3 2 1.8 Dermatological 1 0.9

Anomalies in previous births* Number of active substance used*

No 39 88.6 1 13 115

Yes 5 114 2 30 26.5

*Evaluated among 44 individuals who had one or more 3 34 30.1

pregnancies before their current pregnancy. 4 22 19.5
The Results of Subgroup Analysis: It was 5 7 6.2

found that 11.6% of the individuals (n = 13) had a 6 4 35

chronic disease diagnosed at least one year prior to 7 3 2.7

pregnancy,  requiring  continuous  medication. Reason for starting the drug therapy

Additionally, 7% of the participants (n = 8) reported Prescription drugs 103 912

allergies to various substances. The average number of Self medication 4 3.5

active substances used by pregnant women with Advice of a friend/relative 4 3.5

chronic diseases (2.77 + 1.48) was slightly lower than Over-the-counter from a pharmacy 2 18

that of those without chronic diseases (3.00 £ 1.23);
however, this difference was not statistically
significant (p = 0.599). The distribution of the study
group according to comorbidities and drug use status
is presented in Table 3.

It was found that there is no significant
relationship between individuals who use addictive
substances and those who do not regarding a history of
stillbirth or abortion (p = 0.665). Furthermore, no
significant  differences were observed between

* Except for prenatal vitamins, minerals and antiemetic drugs
routinely used during pregnancy

In our study, it was found that pregnant women
used an average of 2.97 + 1.26 active substances, with
the majority of these drugs prescribed by other
physicians (91.2%). The participants utilized a total of
71 different active ingredient drugs from 24 diverse
pharmacological groups. The distribution of active
substances used by pregnant women according to
pharmacological groups is presented in Table 4.

Table 4. Distribution of active substances used by pregnant women according to pharmacological groups

Pharmacological group

Number of active
substances

Number of pregnant
women using*

Percentage of pregnant
women using (%) *

Analgesics (NSAIDs) 6 49 434
Antibiotics 4 37 32.7
Proton pump inhibitors & H2 receptor antagonists 6 36 31.9
Antidepressants 5 33 29.2
Cold remedies (combined) 3 29 25.7
Muscle relaxants 3 26 23.0
Hormone derivatives & corticosteroids 6 25 22.1
lonic and non-ionic contrast agents 5 22 195
Antipsychotics 2 12 10.6
Laxatives & Purgatives 3 11 9.7
Antihistaminics 2 8 7.1
Vitamins & Minerals** 3 7 6.2
Antianemics 2 5 4.4
Antiepileptics 2 5 44
Antihypertensives 3 4 35
Antivirals 2 4 35
Respiratory system drugs 2 4 35
Antiarrhythmics 2 3 2.7
Antidiarrheals 2 3 2.7
Antifungals 2 3 2.7
Others 6 10 9.0
Total 71 336

*The majority of women use more than one active substances. **Prenatal vitamin & minerals were excluded; NSAIDs: Non-steroidal anti-
inflammatory drugs; H, receptor antagonists: Histamine 2 receptor antagonists
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DDI in Pregnant Women: In the study, it
was found that there were 14 "serious" DDIs among
18 active substances, which required treatment
discontinuation or modification. Additionally, 23
"moderate” DDIs were identified among 33
different drugs that necessitated close monitoring.
No preghnant woman was observed with the
simultaneous presence of two or more serious

DDI simultaneously. Consequently, the rate of
pregnant women with identified DDIs that should
be considered was calculated to be 28.3% (n= 32).
Furthermore, 89 "minor" DDIs with no clinical
significance and requiring no special precautions
were also identified. Among the detected DDIs, the
types categorized as "serious" are presented in
Table 5, while "moderate™ interactions are detailed

DDlIs. However, it was determined that five
pregnant women had one serious and one moderate

in Table 6.

Table 5. Serious drug-drug interactions and interaction mechanisms detected in pregnant women

Mechanism of interaction

Interacting drug pairs

Accelerating the metabolism of the other by inducing the CYP450
enzyme*

carbamazepine - esomeprazole

carbamazepine - tetracycline

Increasing serum levels of each other or potentiating their effects by
affecting the p-gp and CYP450 systems

clarithromycin - colchicine

diltiazem - colchicine

Potentializing each other's effects by increasing the QTc interval

clarithromycin - escitalopram
clarithromycin - formoterol
clarithromycin - sertraline

Reducing the absorption of the other by reducing gastrointestinal
absorption*

ferric maltol - tetracycline

magnesium sulfate - tetracycline

Increasing the level of the other by decreasing renal clearance®

flurbiprofen - methotrexate

Increasing the level and effects of the other through CYP450 enzyme
inhibition*

isoniazid - omeprazole

Physiological antagonism

perindopril - flurbiprofen
perindopril - ibuprofen

Potentializing each other's toxic effects

perindopril - pregabalin

*The first drug causes changes in the metabolism of the second drug.

Table 6. Moderate drug - drug interactions and interaction mechanisms detected in pregnant women

Mechanism of interaction

Interacting drug pairs

Increasing the serum level and effects of the other by CYP450 enzyme
inhibition

bupropion - metoprolol
clarithromycin - dexamethasone
clarithromycin - prednisolone
esomeprazole - escitalopram
methylprednisolone - alprazolam
metronidazole - alprazolam
miconazole vaginal - dexamethasone
omeprazole - escitalopram

sertraline - metoprolol

Effect on increasing serum potassium level

drospirenone -diclofenac
propranolol - ibuprofen

Increased toxic effects due to functional synergism

chlorpheniramine - quetiapine
escitalopram - ibuprofen
pregabalin - chlorpheniramine
tizanidine - escitalopram

Increase the serum level and effects of the other drug by causing an increase in
gastric pH

famotidine - methylphenidate

Increased toxic effect with functional synergism

gabapentin - alprazolam

Reducing the expected therapeutic effect by physiological antagonism

metoprolol - albuterol

Potentializing each other's toxic effects

perindopril - flurbiprofen
valsartan - diclofenac

Increase in expected therapeutic effect with physiological synergism

perindopril - insulin aspart
tizanidine - valsartan

Additive interaction on increasing the QTc interval

albuterol - loperamide
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Teratogenic Drug Use in Pregnant
Women: In our study, it was determined that
43.7% of the drugs used by pregnant women are in
category 'C', 26.7% in category 'D', 14.1% in
category X', 12.7% in category 'B', and 2.8% in
category 'A'". The rate of drugs in categories D and

Table 7. Distribution of fetotoxic D and X category drugs

X, which are particularly risky in terms of
teratogenicity, was found to be 40.8% and listed in
Table 7. The distribution of the number of drugs
used according to TITCK classification is presented
in Figure 1.

Category D active

Number and percentage

Category X active Number and percentage

substances (%) of individuals substances (%) of individuals
Amitriptyline 3(2.65) Ethinyl estradiol 3 (2.65)
Paroxetine 3 (2.65) Drospirenone 3(2.65)
Tetracycline 3 (2.65) Isotreonine 2 (1.77)
Alprazolam 2(1.77) Levonorgestrel 2 (1.77)
Carbamazepine 2(1.77)* Atorvastatin 1(0.88)
Imipramine 2(1.77) Methotrexate 1(0.88)
Topiramate 2(1.77) Misoprostol 1 (0.88)
Valproic Acid 2(1.77)* Norgestrel 1(0.88)
Candesartan 1(0.88) Simvastatin 1(0.88)
Clonazepam 1(0.88) Warfarin 1(0.88)
Irbesartan 1(0.88)
Lisinopril 1(0.88)
Lithium 1(0.88)
Losartan 1(0.88)
Perindopril 1(0.88)
Phenobarbital 1(0.88)
Phenytoin 1(0.88)
Ramipril 1(0.88)
Valsartan 1(0.88)

30 (%26.6)

16 (%14.2)

The classification system is based on the pregnancy categories used by the Turkish Drug and Medical Devices Agency (TITCK) for the risk
classification of drugs in pregnancy. *1 individual used valproic acid and carbamazepine simultaneously. Abbreviations: DDI, drug-drug
interactions; e.g, for example; NSAIDs: non-steroidal anti-inflammatory drugs.

35
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20
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0 [
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Figure 1. The distribution of the number of drugs used according to TITCK classification

DISCUSSION

A healthy pregnancy encompasses various
factors that directly influence both maternal and
fetal health. Many women may resort to drug
therapy to address various health issues that arise

during pregnancy and in the period before they
become aware of their pregnancies. However, the
teratogenic risks associated with drug use, along
with potential DDIs, raise serious concerns for
maternal and fetal health. The use of addictive
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substances such as tobacco and alcohol increases
the risk of miscarriage, causes premature births, and
results in teratogenic effects (7). In our study, it was
found that individuals using addictive substances
did not differ from other pregnant women in terms
of education level. However, these individuals
tended to seek consultation later than their
counterparts. This delay is likely associated with
lifestyle choices and a lack of awareness. The data
obtained highlight the importance of raising
awareness about the risks of addictive substances
during pregnancy for all individuals in society,
regardless of gender, starting from adolescence.

The individuals in our study were primarily
young women, with an average age of
approximately 27 years, the majority of whom were
in the first trimester of their first pregnancy (around
8 weeks). Despite this young average age, a notable
11.6% of participants had comorbidities requiring
continuous drug use, which poses various risks for
a healthy pregnancy. Cardiovascular, respiratory,
and endocrine system diseases were the most
frequently encountered comorbidities.
Cardiovascular diseases, in particular, warrant
attention due to their association with an increased
risk of stroke, myocardial infarction, and
cardiomyopathy during the peripartum period (8).
The severity of these conditions necessitates the
ongoing use of one or more medications, despite
potential fetal risks.

In our study, the average number of drugs
used by patients with comorbidities was 2.77, while
the overall average for the entire study group was
2.97 (with a range from 1 to 7), suggesting that
medication use may not always be rational.
Analysis of the most commonly used medications
revealed that Non-Steroidal Anti-Inflammatory
Drugs (NSAIDs), antibiotics, and gastric acid
inhibitors were among the most frequently
prescribed. Such irrational drug use during
pregnancy is likely to result in permanent health
problems for both the expectant mother and the
fetus.

Polypharmacy, defined as the concurrent use
of multiple drugs, is a critical concern for pregnant
individuals due to the associated risks, such as
DDils, increased side effects, and treatment failures
(9). Our study found that 88.5% (n= 100) of
participants were using two or more active
substances (excluding prenatal vitamins, minerals,
and antiemetic medications used during pregnancy).
A recently published study on polypharmacy
among pregnant women in Indonesia reported that
39.1% of participants used two or more active
substances, with NSAIDs and gastric acid inhibitors
being the most commonly used, primarily
prescribed by physicians (10). In Tiirkiye, it was
reported that 65% of pregnant women used two or
more active substances, with an average of 2.6
active substances per participant; the most
frequently used drugs were antibiotics and pain

relievers (6). A meta-analysis encompassing studies
conducted between 2013 and 2019 found that
pregnant women in Ethiopia used an average of 1.7
medications per pregnancy, with 86.9% of these
being prescription drugs. This study highlighted the
widespread use of medications with high
teratogenic risks, identifying antianemic agents,
antibiotics, NSAIDs, and gastric acid inhibitors as
the most commonly used drugs (11). A recently
published study covering a 20-year period in
England, which examined approximately 1.5
million pregnant women, found a polypharmacy
prevalence of 58.7%. This study also reported that
pregnant women with multimorbidity, obesity, a
history of smoking, and those outside the 25-34 age
range were at a higher risk of polypharmacy than
their peers. It noted that the most commonly used
medications included antibiotics, gastric acid
inhibitors, antifungals, and analgesics (12). As
evidenced by the studies described above, the
commonly used drug groups among pregnant
women may vary from country to country,
influenced by socio-economic conditions and
lifestyle. Nevertheless, it is generally observed that
pregnant women commonly use medications such
as NSAIDs, antibiotics, and gastric acid inhibitors.
All these studies conducted in diverse regions
underscore that polypharmacy is prevalent among
pregnant women (excluding prenatal vitamins,
minerals, and antiemetic drugs), with most
medications being prescription drugs. In this
context, our research aligns with the findings of
these studies.

DDl is defined as the alteration of expected
therapeutic and toxic effects that occurs when two
or more drugs interact with each other. These
interactions can occur at pharmacokinetic levels
(such as absorption, distribution, metabolism, and
elimination) and/or pharmacodynamic levels
(involving receptor agonism or antagonism) (5).
DDI is commonly encountered, particularly among
the elderly, due to the prevalence of various chronic
diseases and organ failures (14). Conversely,
pregnant women are not typically considered a
population where DDIs are prevalent, largely due to
their younger average age and the tendency to
minimize medication use during this sensitive
period. However, our study found that pregnant
women used an average of three active substances,
influenced by comorbidities and irrational drug use,
leading to exposure to significant DDIs. Notably,
28.3% of pregnant participants were affected by
severe or moderate DDIs, which poses substantial
risks to both maternal and fetal health. In a study
involving pregnant and breastfeeding women, it
was reported that 91% of prescriptions contained
DDIs, with 1.4% involving drugs that were
contraindicated for concurrent use (15). Another
study assessing DDIs in preghant women receiving
inpatient treatment in a maternal intensive care unit
revealed that 95.1% were exposed to at least one
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moderate or severe DDI. The primary drugs
associated with serious interactions in that study
included magnesium sulfate, metoclopramide,
propranolol, and diazepam (16). In contrast, our
research identified carbamazepine, clarithromycin,
and perindopril as the main drugs responsible for
serious interactions. It is important to note that our
study did not account for clinically insignificant or
unknown minor drug interactions, which may
contribute to discrepancies in total DDI rates across
different studies. While variations exist regarding
the most common interacting drugs and the rates of
serious interactions, a consistent theme across all
studies is the highlighted risk of polypharmacy and
DDIs in medication use during pregnancy,
alongside the inherent teratogenic risks.

In our study, the majority of pregnant
women (94.7%) were in their first trimester, while
the remainder were in the second trimester. During
this early stage of pregnancy, which is particularly
vulnerable to teratogenic effects, the participants
used a total of 71 different active substances.
Among these, 19 drugs were classified in category
"D", indicating potential risks, while 10 were in
category " X", which contains definitive evidence of
teratogenic risk. Notably, many participants began
their medication regimens before becoming aware
of their pregnancies, and some were required to
continue using medications due to chronic health
conditions. The high percentage (40.8%) of
individuals using fetotoxic drugs in our study may
be attributed to the specific nature of our study
group, which consisted of pregnant women referred
for pharmacologist consultation by gynecologists
due to their history of medication use, rather than
representing a general pregnant population. As
detailed in Table 7, the most commonly identified
drugs included oral contraceptives, anti-acne
preparations, antidepressants, antibiotics, and
antiepileptics. In a study examining 18,575
prescriptions over a 3-year period in Canada, it was
reported that 9.1% of pregnant women were
exposed to category D or group X drugs (17). In
another study conducted in Taiwan, it was reported
that 1.1% of the 217,226 prescriptions written for
14,125 pregnant women over a period of three years
were identified as category D or X drugs. It was
noted that hormonal preparations used for birth
control were the most commonly encountered
medications in the first trimester (18). A study
conducted in Italy, which examined 33,343
prescriptions written within one year, was reported
that approximately 1% of pregnant women were
exposed to category X drugs (19). While the
ranking of the most commonly exposed drugs in
these studies shows slight variations, the findings
are generally consistent with those of our study.
However, the higher rate observed in our research
can be attributed to the focus on a specialized
population referred by gynecologists for risky drug
use, rather than a general pregnant population. In

our study, it was determined that not only category
D drugs, but also category X drugs such as
warfarin, isotretinoin, misoprostol, atorvastatin,
simvastatin, methotrexate, and various hormone
preparations were administered to women who
were not yet aware of their pregnancy. The most
common teratogenic effects resulting from the use
of these drugs are stillbirth, low birth weight babies,
developmental disorders, and organ failure (20).
Warfarin  has teratogenic effects, leading to
embryopathy, Angiotensin-Converting Enzyme
(ACE) inhibitors cause cranial malformations,
statins lead to skeletal system anomalies, and
tetracyclines cause bone and dental abnormalities as
well as neural tube defects (21, 22). Antiepileptic
drugs such as valproic acid, carbamazepine,
phenytoin, phenobarbital and topiramate have
specific teratogenic effects such as craniofacial
anomalies, orofacial clefts, mental retardation and
neurodevelopmental disorders (23). In our study,
we also found that a significant number of women
used various ionic and non-ionic contrast agents for
radiological imaging before recognizing their
pregnancy. Although radiological contrast agents
are not directly teratogenic, exposure to ionizing
radiation during the first trimester can have direct
teratogenic and carcinogenic effects on the fetus
(24). Therefore, physicians should thoroughly
question women about their pregnancy status and
only perform such radiological imaging once
pregnancy is confirmed.

Furthermore, our study determined that a
vast majority of the drugs used by these women
(91.2%) were initiated through a physician's
prescription. This underscores the necessity for
physicians to inquire about potential pregnancy
status or plans for pregnhancy when prescribing
medications to women of childbearing age. In a
study conducted in Canada, which examined the
prescriptions of approximately 110,000 pregnant
women, it was reported that 6.3% of women used at
least one medication posing a risk to the fetus (25).
Similarly, a study in the Netherlands indicated that
95.5% of women used at least one drug during
pregnancy (excluding prenatal vitamins, minerals,
and anti-emetics), with 6.5% of these substances
classified as teratogenic, and roughly one-third
having suspected pharmacological effects on the
fetus (26). A study in Brazil found that 26% of the
prescribed drugs were classified as category C,
1.5% as category D, and 1.5% as category X (27).
Additionally, a retrospective study evaluating a
five-year period in Canada determined that drugs in
category D were prescribed to 5.5% of pregnant
women, while drugs in category X were prescribed
to 2.5%. During the first trimester, benzodiazepines
and antidepressants were the most commonly
prescribed drugs in category D, whereas oral
contraceptives and ovulation stimulants were the
most frequently prescribed in category X (28). Our
research focused on a participant group referred for
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pharmacological consultation due to the use of
risky drugs, rather than on a general pregnant
population. Consequently, the rates of risky drug
usage in our study were higher compared to the
studies mentioned above. However, the findings
from our study, along with those from others,
highlight that the use of risky drugs classified in
categories D and X is a common issue on a global
scale.

In our study, it was determined that the most
commonly used active substances (43.7%) were
classified as category C drugs. Compounds in this
category have demonstrated fetotoxic effects in
pregnant experimental animals; however, due to
insufficient studies in humans, their use should be
carefully considered based on the benefit-to-harm
ratio. This indicates that the use of category C drugs
during pregnancy is not entirely safe (5). Notably,
many frequently used medications in our study,
including pain relievers, antidepressants, proton
pump inhibitors, cold remedies, and muscle
relaxants, fall into this category. In a separate study,
it was reported that two out of every three pregnant
women in Israel were prescribed an antimicrobial
drug during pregnancy (29). Another study
indicated that antibiotic treatment during pregnancy
is also prevalent in Western countries, accounting
for 80% of the drugs prescribed to pregnant women
(30). Furthermore, a review noted that one in four
women received antibiotics during their pregnancy.
The review stated that antibiotics such as beta-
lactams, vancomycin, nitrofurantoin,
metronidazole, clindamycin, and fosfomycin are
relatively safe and effective during pregnancy,
while fluoroquinolones and tetracyclines should be
avoided. Additionally, antibiotic exposure during
pregnancy has been associated with adverse effects
in newborns, including congenital anomalies,
asthma, and atopic dermatitis (31). Consistent with
these findings, antibiotics emerged as one of the
most frequently prescribed drug groups in our
research. However, our study identified that, in
addition to other antibiotics, clarithromycin,
tetracycline, and levofloxacin were also prescribed
to pregnant women, which contradicts the
recommendations from the aforementioned studies.
Furthermore, serious DDIs were detected,
particularly among pregnant women using
clarithromycin, due to the concurrent use of various
antidepressants and asthma medications.

The use of NSAIDs and antidepressants
during pregnancy, much like antibiotic use, poses
significant risks. NSAIDs can lead to various
complications, including miscarriage, premature
birth, low birth weight, and organ failure in
newborns, primarily due to the inhibition of
prostaglandin synthesis as these drugs cross the
placenta. A recently published study evaluating six
years of data corroborates our findings, reporting
that NSAIDs are the most commonly used drug
class among pregnant women (32). Therefore,

during pregnancy, even if pregnancy is suspected,
painkillers should be avoided as much as possible,
or they should be used in the lowest possible
effective dose and for the shortest possible time. In
our study, among the frequently used
antidepressants, the most commonly prescribed
were selective serotonin reuptake inhibitors
(SSRIs), including fluoxetine, sertraline, and
escitalopram. A meta-analysis reported that the
prevalence of antidepressant use during pregnancy
was approximately 1.5% in Europe and Australia,
while in North America, this rate was 5.5%, with
SSRIs being the most commonly utilized class (33).
The use of antidepressants during pregnancy has
been linked to an increased risk of gestational
diabetes mellitus, spontaneous abortion, and
premature birth (34, 35). Additionally, children
exposed to antidepressants in utero may experience
delays in psychomotor, cognitive, and language
development, as well as an increased incidence of
attention deficit hyperactivity and autism spectrum
disorders (36, 37). In cases where patients are on
antipsychotic medications or when individuals with
major depression cannot postpone treatment, it is
crucial to emphasize the importance of
contraception to both patients and their partners. In
instances of an unintended pregnancy, considering
the risks of discontinuing treatment, the option of
abortion may need to be discussed. Conversely, due
to the toxic effects and significant risk of drug
interactions  associated with  antidepressants,
redirecting pregnant individuals using these
medications for indications like social anxiety
toward psychological consultation instead of
pharmacological therapy may be a prudent
approach. Our study found a high prevalence of
antidepressant use among pregnant women,
aligning with the previously discussed studies.
Additionally, the identification of various DDIs
associated with these medications underscores the
seriousness of the situation.

In the study, significant data were obtained
regarding polypharmacy and DDls, topics for
which there is limited information concerning
pregnant women. However, because the study was
conducted at a single center with a limited number
of patients from a specific population, the results
cannot be generalized. These were the limitation of
the study.

CONCLUSION

Our study revealed that approximately 84%
of the medications used by pregnant women pose
uncertain safety profiles or potential teratogenic
risks. Additionally, we found a high prevalence of
polypharmacy  and significant drug-drug
interactions (DDIs) among this population.
Therefore, it is essential for physicians to conduct
thorough inquiries with patients who are planning
or suspecting pregnancy and to clearly explain the
associated risks before prescribing medications.
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Active substances should be selected from low-risk
categories  whenever  possible.  Furthermore,
educating pregnant women about rational drug use
and highlighting the risks linked to polypharmacy is
crucial for safeguarding both maternal and fetal
health. In cases of potentially harmful drug use
during pregnancy, it is crucial to seek immediate
guidance from a pharmacologist or a teratogenicity
service. The pregnant woman and her physician
should be thoroughly informed about the potential

consequences of medication use during pregnancy,
including options for discontinuation, modification,
postponement of treatment, or even considering
pregnancy termination. Our study highlights that
drug use during pregnancy represents a significant
public ~ health  concern,  necessitating a
multidisciplinary approach to address it effectively.
Nevertheless, further multicenter and large-scale
studies are required to gain a more comprehensive
understanding of this issue.
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The Relationship of Internet-Social Media Use with
Cognitive Functions and Depression Level in Adults over

50 Years

ABSTRACT

Objective: This study was conducted to evaluate the effects of internet-social media
use on depression and cognitive functions in individuals aged 50 and over.

Method: This research is a cross-sectional descriptive study. The sample of the
research consisted of 398 people. Data were collected by face-to-face interview
using a questionnaire, Geriatric Depression Scale-Short Form and Montreal
Cognitive Assessment Scale.

Results: The average age of the participants in the study was determined as 59.8+7.8
years. It was determined that 40.7% of individuals use social media, 23.9% find
social media useful, and 37.4% use social media for communication purposes. It was
determined that independent variables such as age, education, income level, and
whom one lives with at home significantly affected the depression level and
cognitive dysfunction parameters (p<0.001). Cognitive dysfunctions were
significantly lower in individuals who used the internet and social media than in
those who did not (p<0.001). According to logistic regression analysis, it was
determined that older age increased the probability of cognitive dysfunction by 1.06
times, and illiteracy increased by 178.10 times.

Conclusions: In our study, cognitive dysfunction and depression levels were
determined to be significantly lower in middle-aged and elderly individuals who use
the internet and social media. The risk of cognitive dysfunction is higher in elderly,
illiterate, literate or primary school graduates who do not know how to use the
internet and social media, compared to younger, university graduates and individuals
who use the internet and social media.

Keywords: Cognitive Function, Depression, Elderly, Social Media, Internet.

50 Yas Ustii Eriskinlerde Internet-Sosyal Medya
Kullammimin Bilissel Fonksiyonlar ve Depresyon Diizeyi
ile Tliskisi

OZET

Amag: Bu calisma, 50 yas ve iizeri bireylerde internet-sosyal medya
kullaniminin depresyon ve bilissel islevler tizerindeki etkilerini degerlendirmek
amaciyla yapilmigtir.

Yontem: Bu arastirma kesitsel tanimlayici bir ¢aligmadir. Arastirmanin Srneklemini
398 kisi olusturdu. Veriler, anket, Geriatrik Depresyon Olgegi-Kisa Form ve
Montreal Bilissel Degerlendirme Olgegi kullanilarak yiiz yiize goériisme yoluyla
toplandi.

Bulgular: Arastirmaya katilanlarin yas ortalamasi 59,8+7,8 yil olarak belirlendi.
Bireylerin %40,7’sinin sosyal medyayr kullandigi, %23,9’unun sosyal medyay1
faydali buldugu, %37,4’tiniin sosyal medyay1 iletisim amacgli kullandigi belirlendi.
Yas, egitim, gelir diizeyi, evde kiminle yasadigi gibi bagimsiz degiskenlerin
depresyon diizeyi ve biligsel islev bozuklugu parametrelerini anlamli diizeyde
etkiledigi belirlendi (p<0,001). Internet ve sosyal medya kullanan bireylerde,
kullanmayanlara gore biligsel islev bozukluklar1 anlamh diizeyde daha diisiiktii
(p<0,001). Lojistik regresyon analizine gore ileri yasin biligsel islev bozuklugu
olasiligim1 1,06 kat, okuma yazma bilmemenin ise 178,10 kat arttig1 belirlendi.
Sonug¢: Calismamizda internet ve sosyal medya kullanan orta yash ve yash
bireylerde bilissel islev bozukluklari ve depresyon diizeylerinin anlamli derecede
diisiik oldugu belirlendi. Internet ve sosyal medyayr kullanmay: bilmeyen yagh,
okuma-yazma bilmeyen, okuryazar veya ilkokul mezunu kisilerde, genglere,
iiniversite mezunlarina, internet ve sosyal medya kullanan bireylere gore bilissel
islev bozuklugu riski daha yiiksektir.

Anahtar Kelimeler: Bilissel Islev, Depresyon, Yasli, Sosyal Medya, Internet.
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INTRODUCTION

People between the ages of 65-74 are
classified as "young elderly”, people between the
ages of 75-84 are classified as "elderly", and people
aged 85 and over are classified as "senile" (1). In
addition to the progression of chronological age,
physiological changes in organs and systems,
decreases in physical and cognitive capacities, and
the emergence of diseases are among the
characteristics of old age (2).

As individuals get older, muscle weakness
increases and accompanying chronic diseases make
individuals even weaker. These reasons push the
elderly to stay in their homes longer and make it
difficult to go out. Depression is one of the most
important issues that should be emphasized, which
is most common in old age and negatively affects
the life quality of the person. Death of relatives,
decrease in social environment and feeling of
loneliness, increase in chronic diseases, worsening
of health, deterioration in cognitive functions, and
economic concerns are the main causes of
depression in old age (3, 4).

With the increase in the use of the internet
and social media, it is possible to chat with friends
and relatives who are far away from home, and
meet new people. Thus, individuals feel less alone.
Studies have also shown that internet use affects
psychology in a good way, and the general health
status of internet users is better (5).

The decline in cognitive functions that occur
with advancing age and the increasing dementia
make the life of the elderly quite difficult. Internet
use activates various brain regions (6). The use of
smart phones positively affects cognitive functions,
prevents loneliness, and improves mental health (7).

The internet and social media can be useful
in improving the quality of life of individuals by
preventing cognitive dysfunction and depression. In
our study, we examined the effects of internet and
social media use on cognitive functions and
depression in middle-aged and elderly individuals.

MATERIAL AND METHODS

Study Design and Population: This is a
cross-sectional and descriptive study conducted to
evaluate the effects of internet-social media use on
depression and cognitive functions in adults aged
50 and over living in Kahramanmarag province.
The data was collected from the relatives of patients
living in Kahramanmaras who applied to
Kahramanmaras Medical Faculty Health Practice
and Research Hospital between January and March
2020.

Sample  Size  Determination:  The
population of our study consists of a total of
232,233 people consisting 115,271 men and
116,962 women over the age of 50 and living in
Kahramanmaras. The sample size was based on
50% frequency for cases where prevalence was
unknown; The sample size was determined as 403
people with a 5% margin of error and a 95%

confidence interval. Since there were missing data
in the survey forms, 5 participants were excluded
from the study and the data of 398 people were
included in the study.

A questionnaire was applied to volunteers
aged 50 and over. Participants were informed
before the administration of the questionnaire and
were included in the study after providing their
consent. The questionnaire prepared for individuals
aged 50 and over who voluntarily participated in
our study was applied by the researcher by face-to-
face interview method. A standard 27-item
questionnaire, the Geriatric Depression Scale
(GDS-15)-Short Form to evaluate depression, and
the Montreal Cognitive Assessment Scale (MoCA)
to evaluate cognitive functions were used in the
survey.

Data  Collection  Instruments:  The
volunteers participating in the study were first
presented with a questionnaire consisting of 27
items. This questionnaire included questions about
sociodemographic characteristics such as age,
gender, occupation; about characteristics related to
the social life of the participants, such as the people
they live with; about internet-social media
knowledge and use, purposes of internet-social
media use, membership status on social media sites,
opinions and preferences regarding internet-social
media.

GDS-15 is a scale used for screening
depression in the elderly and can be applied quickly
and easily. Geriatric Depression Scale consisting of
30 questions was developed by Yesavage et al. in
1983 (8). In terms of ease of use, the validity and
reliability of the 15-item short form was established
by Burke et al. in 1991 (9). In Turkey, its validity
and reliability were established by Durmaz et al. in
2018 (10).

(GDS-15) Short Form consists of 15
questions, and 5 questions (1, 5, 7, 11 and 13) are
structured positively and the other questions are
structured negatively. Answers of "no" to positive
questions in the scale and "yes" to negative
questions were accepted as 1 point. A score of 0-4
indicates no depression, a score of 5-8 indicates
mild depression, a score of 9-11 indicates moderate
depression, and a score of 12-15 indicates severe
depression. The cut-off score was accepted 5 (9).

MoCA is used to distinguish normal healthy
individuals from individuals with mild cognitive
impairment. The scale was developed by
Nasreddine et al. in 2005 (11). In 2010, it was
adapted into Turkish by Selekler et al. The scale
evaluates 8 cognitive functions including visuo-
spatial skills, executive functions, attention and
concentration, memory, abstract thinking, language,
calculation and orientation. The lowest score that
can be obtained from the scale is 0, and the highest
score is 30. A score of 21 or more on the scale is
considered normal (12).
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Ethical Considerations: Ethics committee
approval was obtained from the Kahramanmaras
Faculty of Medicine Non-Pharmaceutical Clinical
Research Ethics Committee with the date
23.01.2020 and number 25.

Statistical Analysis: SPSS version 23.0
statistical package program was used in the analysis
of the data. In the representation of the descriptive
statistics of the study, mean + standard deviation
(SD) and median, interquartile range (IQR),
minimum-maximum  values were used for
continuous numerical values, and number (n) and
percentage (%) were used for categorical variables.
Chi-square test was used to compare the categorical
variables in the comparison of the groups. Variables
found to be associated with cognitive dysfunction
in univariate analyzes were included in Backward
Conditional Logistic Regression Modeling, and
multivariate analysis was performed with the last
valid model after sequential models. The cut-off
value of statistical significance was accepted as
p<0.05.

RESULTS

This study was conducted with 398 middle-
aged and elderly individuals between the ages of

Table 1. The characteristics of the participants' internet and social media usage.

50-82 in Kahramanmaras province. While 163
(41.0%) of 398 individuals participating in the
study were between the ages of 55-64, the mean age
was 59.8+7.8 years. 207 (52.0%) of the participants
were women and 319 (80.2%) were married. 245
(61.6%) middle-aged and elderly individuals stated
that their income barely covers their expenses. 175
(44.0%) of the participants reported that they live
with their spouses and children, and 144 (36.2%)
reported that they only live with their spouses.
Considering the chronic disease and regular drug
use status of middle-aged and elderly individuals,
242 (60.8%) of the individuals have a diagnosis of a
chronic disease, while 235 (59.0%) use drugs
regularly.

While  40.7% of 398 individuals
participating in our study know how to use the
internet, 59.3% do not know how to use it.

Almost half of the participants are members
of at least one social media platform. Among the
social media sites, WhatsApp (45.7%) is the most
subscribed application. This is followed by
Facebook (20.1%), Instagram (13.8%) and Twitter

(5.5%) (Table 1).

Characteristic n %
Knowledge on how to use internet Knowing 162 40.7
Unknowing 236 59.3
Internet usage purpose Research-knowledge* 93 23.4
E-mail* 42 10.6
Staying up to date* 89 22.4
Entertainment* 60 15.1
Meeting with family via the Internet Available 214 53.8
Not available 184 46.2
Knowledge on how to use social media Knowing 162 40.7
Unknowing 236 59.3
The meaning of social media for the elderly Sharing* 98 24.6
Communication* 162 40.7
Entertainment* 86 21.6
No idea 52 13.0
Social media membership Available 196 49.2
Not available 202 50.8
Facebook* 80 20.1
Twitter* 22 55
Instagram* 55 13.8
WhatsApp* 182 45.7
Total 398 100.0

* Participants marked more than one option.

When we look at the reasons for those who
want to receive training to learn about the Internet,
there are reasons such as being able to use online

banking, being able to do e-shopping, and making
reservations for a holiday (Table 2).
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Table 2. The distribution of the participants' their internet usage preferences.

Characteristic n %
Preferences regarding I want to meet new people and make new friends 14 35
internet use I would like to communicate with my current friends, 149 37.4
relatives, family
I would like to call my old friends and reconnect 47 11.8
I would like to play games 8 2.0
I would like to use it for educational purposes 58 14.6
I would like to share the objects I like 25 6.3
Whatever maybe the reason, | prefer not to use 86 21.6
I use it for my job 11 2.8
Total 398 100.0

When the depression levels of the
participants were statistically compared according
to their sociodemographic characteristics, the level
of depression increased with advancing age
(p<0.001), while the level of depression in men was
significantly higher than in women (p=0.033).
Furthermore, while depression is less common in
married people, moderate and severe depression is
statistically significantly higher in divorced or
widowed individuals (p<0.001). The risk of
depression decreases as the education level
increases. While moderate and severe depression is
not observed at all in individuals whose income is
more than their expenses, moderate and severe
depression is observed statistically significantly
more frequently in those whose expenses are less
than their income compared to other groups
(p<0.001) (Table 3).

When the depression levels of the
participants were statistically compared according
to the social life and clinical characteristics of the
participants, it is seen that the incidence of
depression is lower in those living with their
spouses and children and in those living only with
their spouses. Severe depression is statistically
significantly higher, especially in those living alone
or with their children (p<0.001) (Table 3).

Additionally, the level of depression is
statistically significantly higher in individuals with
chronic diseases (p<0.001) (Table 3).

When cognitive dysfunction is statistically
compared according to the sociodemographic
characteristics of the participants, the frequency of
cognitive dysfunction increases significantly with
advancing age. In addition, cognitive dysfunction is
seen statistically significantly more frequently in
middle-aged and elderly individuals who are
divorced or widowed. On the other hand, the
incidence of cognitive dysfunction decreases
significantly as the education level and income
level of the individuals increase.

When the cognitive dysfunction status of the
participants was compared statistically according to
the social life and clinical characteristics of the
participants, middle-aged and elderly individuals

living only with their children have statistically
significantly more cognitive dysfunction (p=0.001)
(Table 3).

Table 4 shows participants' depression levels
and cognitive dysfunction according to their social
media and internet usage. It was determined that the
levels of cognitive dysfunction and depression were
statistically significantly lower in individuals who
knew how to use the internet and social media and
used them on a daily basis (p<0.001) (Table 4).
Statistical significance was determined in all
parameters

It was found that the prevalence of cognitive
dysfunction is statistically significantly higher as
the depression severity levels of middle-aged and
elderly individuals increases (p<0.001) (Table 5).

The results of the multivariate analysis of
the effects of some characteristics of the
participants on their cognitive dysfunction status
are presented. In the first stage, characteristics such
as age, marital status, educational status, income
level, place of residence, other people living in the
residence, regular exercise status, chronic disease
presence, knowledge on internet use, daily internet
use, knowledge on social media use, daily social
media use, social media membership, which were
significantly associated with cognitive dysfunction
in univariate analyzes, were included to the logistic
regression model. In 11th model prepared with the
Backward Conditional method, the variables of age,
education level, knowledge on internet use, daily
internet use, knowledge on social media use and
other people living in the residence were included.
According to this model, all parameters were
statistically significant (Table 6).

In logistic regression analysis, older age
increased the risk of cognitive dysfunction by 1.06
times. Compared to being a university graduate,
illiteracy increased the risk of cognitive dysfunction
by 178.10 times. Compared to knowing how to use
the Internet, not knowing increased the risk of
cognitive dysfunction by 14.65 times (Table 6). At
least 40% of the variance is explained by the
variables in the model and the overall success rate
of the model is 90%.
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Table 3. Analysis of depression levels and cognitive dysfunctions according to participants' social lives and clinical characteristics

Depression level p* Cognitive Dysfunctions p*
1 2 3 4 Not Available Available
n % n % n % n % n % n %
Age <0.001 <0.001
<55 80 63.0 22 17.3 17 13.4 8 6.3 78 61.4 49 38.6
55-64 124 76.1 27 16.6 11 6.7 1 0.6 87 53.4 76 46.6
65-74 29 33.0 31 35.2 15 17.0 13 14.8 25 28.4 63 71.6
75-84 8 40.0 11 55.0 1 5.0 0 0 0 0 20 100
Gender 0.033 0.076
Woman 121 58.5 43 20.8 32 15.5 11 5.3 90 43.5 117 56.5
Man 120 62.8 48 25.1 12 6.3 11 5.8 100 52.4 91 47.6
Marital Status <0.001 <0.001
Married 216 67.7 64 20.1 29 9.1 10 3.1 164 514 155 48.6
Never married 10 435 11 47.8 0 0 2 8.7 15 65.2 8 34.8
Divorced 15 26.8 16 28.6 15 26.8 10 17.9 11 19.6 45 80.4
Education Level <0.001 <0.001
Illiterate 17 42.5 8 20.0 10 25.0 5 125 0 0 40 100
Literate 9 50.0 6 33.3 3 16.7 0 0 2 11.1 16 88.9
Income Rate <0.001 <0.001
Income > Expense 64 90.1 7 9.9 0 0 0 0 51 71.8 20 28.2
Income = Expense 135 55.1 61 24.9 33 13.5 16 6.5 113 46.1 132 53.9
Income < Expense 42 51.2 23 28.0 11 13.4 6 7.3 26 31.7 56 68.3
People Who Live With <0.001 0.001
Spouse and Child 120 68.6 28 16.0 19 10.9 8 4.6 99 56.6 76 43.4
Spouse 95 66.0 36 25.0 11 7.6 2 1.4 65 45.1 79 54.9
Child 11 314 13 37.1 6 17.1 5 14.3 6 17.1 29 82.9
Alone 14 36.8 9 23.7 8 21.1 7 18.4 17 447 21 55.3
Other 1 16.7 5 83.3 0 0 0 0 3 50.0 3 50.0
Chronic Disease <0.001 <0.001
Yes 122 50.4 66 27.3 37 15.3 17 7.0 93 38.4 149 61.6
No 119 76.3 25 16.0 7 4.5 5 3.2 97 62.5 59 37.8
Total 241 60.6 91 22.9 44 11.1 22 5.5 190 47.7 208 52.3

1 No Depression 2 Mild Depression 3 Moderate Depression 4 Severe Depression
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Table 4. Depression levels and cognitive dysfunction status analysis of the participants according to their social media and internet usage

Depression level p* Cognitive Dysfunctions p*
1 3 4 Not Available Available
n % n % n % n % n % n %
Knowledge on how to use Internet <0.001 <0.001
Knowing 114 70.4 35 21.6 9 5.6 4 2.5 137 84.6 25 15.4
Unknowing 127 53.8 56 23.7 35 14.8 18 7.6 53 22.5 183 775
Daily internet use <0.001 <0.001
Using 110 70.5 34 21.8 8 5.1 4 2.6 131 84.0 25 16.0
Not using 131 54.1 57 23.6 36 14.9 18 7.4 59 24.4 183 75.6
Knowledge on how to use social media <0.001 <0.001
Knowing 172 74.3 35 18.3 9 4.7 5 2.6 151 79.1 40 20.9
Unknowing 99 47.8 56 27.1 35 16.9 17 8.2 39 18.8 168 81.2
Daily social media use <0.001 <0.001
Using 141 72.7 34 175 15 7.7 4 2.1 147 75.8 47 24.2
Not using 100 49.0 57 27.9 29 14.2 18 8.8 43 21.1 161 78.9
Social media membership <0.001 <0.001
Have 143 73.0 34 17.3 15 7.7 4 2.0 149 76.0 47 24.0
Does not have 98 48.5 57 28.2 29 144 18 8.9 41 20.3 161 79.7
Total 241 60.6 91 22.9 44 11.1 22 55 190 47.7 208 52.3

1 No Depression 2 Mild Depression 3 Moderate Depression 4 Severe Depression
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Table 5. Cognitive dysfunction status of participants according to depression level

Cognitive Function Disorder

Not Available Available p*
n % n %
Depression Level <0.001
No depression 147 61.0 94 39.0
Mild depression 28 30.8 63 69.2
Moderate depression 11 25.0 33 75.0
Severe depression 4 18.2 18 81.8
Total 190 47.7 208 52.3

Table 6. Results of multivariate analysis of the effects of some characteristics of the participants on cognitive

dysfunction status.

Risk of cognitive dysfunction p*
OR 95% GA

Age 1.066 1.005 1.129 0.032

University Reference
High school - - - -

. Secondary school 4.242 0.801 22.458 0.089

Education status Primary school 64.526 11.453 363528  <0.001

Literate 93.495 8.677 1007.417 <0.001

Illiterate 178.109 32.535 975.026 <0.001
Knowing Reference

Knowledge on Internet Unknowing 14.655 3.062 70135 0001
o Using Reference

Daily internet use Not using 4.983 0.965 25730 0.055
_ _ Knowing Reference

Knowledge on social media Unknowing 2.945 1.151 7535 0.024
Spouse and child  Reference

o Spouse 0.938 0.194 4.546 0.937

f;g:gg n‘g’p'e living in the Child 16.170 0.929 281.307  0.056

Alone 2.150 0.261 17.742 0.477

Other 0.574 0.121 2.717 0.484

DISCUSSION

When looking at the literature, there are
many studies on the internet usage characteristics,
depression status and cognitive functions of the
elderly. However, there are very few studies in the
world on the effects of social media and internet use
on depression and cognitive functions. More than
half of the 398 individuals who participated in our
study did not know how to use the internet. Similar
findings were obtained in studies in the literature.
In the study conducted by Tekedere and Arpact (13)
with 106 middle-aged and elderly individuals living
in nursing homes, it was determined that 41.5% of
the participants knew how to use the internet, and
58.5% did not.

It was determined that those who know how
to use the internet use the internet for research and
information (23.4%), staying up to date (22.4%),
entertainment (22.4%) and e-mail (10.6%). In the
study of Tekedere and Arpaci (13), it was found

that 70.5% of the elderly people used the internet
for research and knowledge, 15.9% for e-mail,
9.1% for staying up to date and 4.5% for
entertainment purposes. Loipha (14) revealed that
the elderly use the internet for the purpose of
obtaining information, following the news, social
interaction and entertainment. In some studies,
users mostly use the internet for social networking
sites, following the news, and obtaining information
(15). In many studies, similar results to our study
were obtained.

In our study, WhatsApp was the most
subscribed application, while various other studies
have found that Facebook is the social media
platform that the elderly are most subscribed to (16-
19). In our study, it was seen that some elderly
people wanted to learn how to use the internet for
reasons such as being able to use internet banking,
doing e-shopping, making holiday reservations.
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This shows that some of the elderly are aware of the
conveniences of technological life and they want to
adapt to it and make their lives easier.

In our study, the level of depression was
statistically significantly higher in individuals with
chronic diseases. In a study conducted by Aksoy
(20), it was reported that the presence of two or
more chronic diseases increased the risk of
depression. The effects and side effect profiles of
drugs used for chronic diseases may also cause an
increase in the frequency of depression.

In our study, marital status appears to have a
statistically significant effect on depression. Aksoy
(20) and Cmar (21) found that the depression levels
of deceased and divorced elderly people were
higher than married elderly people. Feelings of
loneliness, loss of a spouse, and fulfilling the
responsibilities of daily life alone may be factors
that increase depression in single, widowed, or
divorced elderly people.

In our study, the increase in the frequency of
depression with decreasing education level was
found to be statistically significant. Many studies
have shown that the frequency of depression
increases in individuals with low education level
(22,23). The fact that people with education have
better communication skills, learn to cope with
problems better, and have less financial anxiety
may explain why depression is less common.

When we look at the depression levels of the
participants according to the income level, it is seen
that the depression levels decrease as the income
level increases, both in our study and in the study of
Bing6l et al. (23) in people over the age of 65.
Excessive anxiety, not eating healthy, low self-care
may be the cause of this situation.

In our study, it was found that the level of
depression decreases significantly in people who
know and use the internet and social media, and
there are studies in the literature that support this
finding. In a study conducted with adults over 50
years of age in the USA, it was found that internet
use contributes positively to the mental health of
the elderly and reduces depression by 20-28% (19).
In a study conducted in Korea, it was observed that
adult internet users had better social relationships,
lower levels of depression and fewer suicidal
thoughts (24). According to a study conducted in
China, depression levels also decrease significantly
with internet use. According to this study conducted
in China, internet use and online activities can
reduce loneliness, increase and strengthen social
relationships. Thus, it can reduce the level of
depression in older adults (25). In the study
conducted by Lin et al. (26) using GDO-15, as in
our study, depressive symptoms were significantly
higher in non-mobile phone users (27.2%) than in
mobile phone users (10.6%).

In many studies, although the mechanism is
unclear and controversial, it is seen that internet use
has a positive effect on reducing depression levels

in older adults and is similar to the findings in our
study.

As the incidence of dementia is reported to
be increasing in Turkey, protecting cognitive
functions is becoming increasingly important (27).
A study conducted in Singapore showed that more
frequent (occasional or daily) use of a mobile phone
caused a decrease in cognitive functions, attention
and memory compared to those who never or rarely
used a mobile phone (28). Lin et al.’s (26) study in
2020, using the MoCA scale as in our study, found
that mild cognitive impairment was significantly
higher in non-mobile phone users than in mobile
phone users. The cohort study conducted by
Almeida et al. (29) followed elderly men for 8.5
years and showed that the risk of dementia in
elderly people who use computers is 30-40% lower
than in those who do not use computers. Our study
is similiar to other studies and our findings show
that internet, social media and smartphone use can
delay or prevent dementia by reducing the
impairment in cognitive functions.

In our study, as the severity of depression
increases,  cognitive  dysfunction  increases
statistically significantly. In the study of Salik et al.
(30), it was stated that having depression is a risk
factor for cognitive dysfunction, and this finding
supports our study.

Study Limitations: The limitations of our
study were as follows that illiterate people could
not answer the first 3 questions in the Montreal
Cognitive Assessment Scale, that there were few
participants, especially in the 75-year-old group and
those with a high level of education, and not
questioning the start and duration of using social
media and internet in our study, and not examining
depression and laboratory parameters that may
affect cognitive functions (such as vitamin D,
vitamin B12, folic acid, thyroid hormones).

CONCLUSION

In our study, it was determined that the
levels of cognitive dysfunction and depression were
significantly lower in middle-aged and elderly
individuals who use the internet and social media.
Depression levels are higher in elderly individuals
who do not know how to use the internet and social
media, in individuals whose income is lower than
their expenses, and in individuals with chronic
diseases.

The risk of cognitive dysfunction is higher
in older individuals who do not know how to use
social media than in individuals who use social
media.

A significant positive relationship was found
between high levels of depression and cognitive
dysfunction. For older individuals who do not want
to use the internet and social media, practical
applications can be developed to encourage their
use and training programs can be offered so that
they can learn to use it effectively.
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A Different Concept in Disability Assessment: Compulsory

Individual Accident Insurance for Mine Workers

ABSTRACT

Objective: This study aimed to determine the reflection of the Mine Workers
Compulsory Personal Accident Insurance (MWCPAI) on forensic medicine practices
and to identify its possible deficiencies compared to the Regulation of Permanent
Disabilities (RPD).

Method: The subject of the study was the cases for the recourse claim from the
insurance company for the compensation paid by the workplace to the miners injured
due to occupational accidents. The study encompassed cases submitted by judicial
authorities requesting the determination of coverage percentage (CP) according to the
MWCPAL.

Results: All cases (n = 18) were male, with a mean age of 36.05 + 5.4 years. The two
most common events were object fall or impact (n = 6, 33.3%) and crushing (n = 5,
27.8%), respectively. The most prevalent injury was lower extremity injury. Although
44.4% of the cases recovered without sequelae, half of these cases were deemed
disabled according to RPD. When the cases were assessed based on the handicap
coverage list (HCL) of the MWCPAI, it was found that eight cases (44.4%) who
recovered without sequelae did not qualify for coverage. As 50% of the cases did not
precisely match any categories in the HCL, they were chosen using a comparative
method, and CPs were determined by discretion, considering the extent of functional
limitation.

Conclusions: In response to the occupational accidents prevalent in the mining sector, it
is imperative to develop MWCPAI. MWCPAI would not only furnish insurance
coverage for miners but also play a pivotal role in fostering safe working environments
within the mining sector. MWCPAI is attributable to its mandate for insurance
companies to assess the risks inherent in mining operations.

Keywords: Mining, Occupational Accident, Insurance, Disability.

Maluliyet Degerlendirmesinde Farkh Bir Kavram: Maden

Calisanlan Zorunlu Ferdi Kaza Sigortasi

OZET

Amac: Calismada Maden Calisanlar1 Zorunlu Ferdi Kaza Sigortasi’nin (MCZFKS) adli
tip uygulamalarina yansimasi ve maluliyet yonetmeligine gore olasi eksikliklerinin
saptanmasi amaglanmaktadir.

Yontem: s kazasina bagh yaralanma sonucu madencilere ddenen tazminatin, isyerince
kazanin yasandigt donemi igerisine alan MCZFKS’yi yapan sirketten riicuen
istenmesine yonelik agilan dava dosyalarindan MCZFKS’ye gore teminat yilizdesi
belirlenmesi istemiyle gdnderilmis olgular ¢alismaya dahil edildi.

Bulgular: Olgularin tamami (n: 18) erkek olup, yas ortalamasi 36,05+5,4 idi. En sik iki
olay sirasiyla cisim diismesi veya ¢arpmasi (n: 6, %33,3) ve ezilmeydi (n: 5, %27,8). En
sik alt ekstremite yaralanmasi oldugu belirlendi. Olgularin %44,4’{iniin yaralanmasinin
sekelsiz iyilesmesine ragmen bu olgularin yarisinin maluliyet yonetmeligine gore
karsiligt bulundugundan maluliyet oranit hesaplanmisti. Olgular MCZFKS sakatlik
teminat listesine gore degerlendirildiginde sekelsiz iyilesen 8 olgunun (%44,4) teminat
yiizdesinin olmadig1 saptandi. Olgularin %50,0’sinin ise sakatlik teminat1 listesinde tam
karsilig1 bulunmadigindan kiyas yontemi ile segilerek fonksiyonel kisitlilig1 dlgiistinde
takdir uygulanip teminat yiizdesi belirlendi.

Sonu¢: Madencilik sektdriinde meydana gelen is kazalarinin g6z Oniine alinarak
madencilerin hukuki kazanimlari agisindan MCZFKS gelistirilmelidir. MCZFKS,
madencilere sigorta giivencesinin saglamasinin yaninda maden ocaklarmin sigorta
sirketlerince yaptirilacak risk incelemesini de igerdiginden madencilik sektoriinde
giivenli ¢aligma ortamlarinin saglanmasina da katki saglayacaktir.

Anahtar Kelimeler: Madencilik, Is Kazas1, Sigorta, Maluliyet.
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INTRODUCTION

The International Labour Organization
(ILO) reports that approximately 3 million
employees lose their lives each year due to work-
related occupational diseases and accidents,
according to its latest global estimates. In addition
to the suffering experienced by workers and their
families, work-related deaths also impose an
economic burden at both national and international
levels. According to ILO data, disruptions in
production, compensation, lost workdays, and
health expenditures account for 3.94% of the global
annual GDP (1,2). The country with the highest
occupational death rate is Cuba, while Costa Rica
emerges as the country with the highest rate of non-
fatal occupational injuries. Turkey ranks high with
a 6.3 occupational death rate and a 2,459 non-fatal
occupational injury rate per 100,000 workers (3). In
2022, 1,517 workers in Turkey died in work
accidents, while 588,823 workers experienced
work-related accidents. Reports indicate that
workers who died due to work accidents in
Zonguldak accounted for 0.9% (n = 14) of the total
work-related fatalities (4). According to the report
(4,5), 8.2% of the employees in Zonguldak have
had work-related accidents.

The Regulation of Permanent Disabilities
(RPD), published in the Official Gazette on 11th
October 2008 with the number 27021, is used to
determine the disability rate (DR) for compensation
cases due to tort for physical injuries and death that
occurred after this date as a result of occupational
accidents (6,7). Compensation for work accidents is
calculated through an actuarial formula that
considers the DR of the victim.

Miners working in unhealthy environments
underground may face many hazards. Despite
technological advances, workplace hazards persist,
making occupational health and safety (OHS) a
continuing concern for the public. There is a
positive correlation relationship between economic
development and the implementation of OHS
measures and practices. Developed countries
provide a broader perspective on organization and
legislation in OHS. ILO provides financial support
for measures aimed at preventing occupational
accidents and diseases. Insurance is one of the
ILO's financial instruments for OHS (8). Due to the
high-risk nature of mining areas, individuals and
legal entities operating in the mining sector were
obliged to obtain Mine Workers Compulsory
Personal Accident Insurance (MWCPAI) through
the Council of Ministers Decision No. 2015/7249
published in the Official Gazette on 6th February
2015 (9). Accordingly, institutions or organizations
employing personnel in the mining sector obtain
insurance policies from insurance companies to
cover their personnel against the consequences of
work accidents that may occur during mining
activities.

MWCPAI is a fixed sum insurance.
Consequently, the sum insured must be paid if the
risk materializes. In case a miner faces a work
accident that results in their death within two years,
the miner's family is provided with compensation in
the form of death benefits. If the miner becomes
disabled, they are entitled to receive disability
benefits per the disability types and rates mentioned
in the relevant terms and conditions (9).

This study aimed to determine the reflection
of the MWCPAI on forensic medicine practices and
to identify its possible deficiencies compared to the
RPD. This issue has not been previously addressed
in forensic medical literature. Despite the limited
number of cases in the study, the uniqueness of the
topic adds significance to our findings.

MATERIAL AND METHODS

The subject of the study was the cases for
the recourse claim from the insurance company for
the compensation paid by the workplace to the
miners injured due to occupational accidents
between 2016 and 2019. This study adhered to the
ethical guidelines outlined in the Declaration of
Helsinki and obtained approval by the local ethics
committee (Decision number: 01). We conducted a
retrospective analysis of cases forwarded to us by
the judicial authorities, requesting a determination
of coverage percentage (CP) according to the
MW(CPAI. The data set included sociodemographic
information, the type of accident, the type of injury,
whether the patient underwent surgery due to the
accident, the cause of disability, if any, DRs, and
the percentage of insurance coverage. The data
from the study were analyzed using SPSS 22.0
software for descriptive statistics such as mean,
median, minimum, maximum, standard deviation,
and frequency.

RESULTS

All 18 patients were male, with a mean age
of 36.05+5.4 (SD) years (minimum 22, maximum
45) at the time of the event, with a median age of
36.5 years. The results indicated that 66.7% (n =
12) of the cases were in the 31-40 age group, 22.2%
(n = 4) were in the 41-50 age group, and 11.1% (n =
2) were in the 21-30 age group.

The subject of all cases was recourse
compensation, and they were all filed in the civil
court of first instance, functioning as the
commercial court of first instance (CCFI). The two
most prevalent types of accidents were falling
or impacting by an object (n = 6, 33.3%) and
crushing (n =5, 27.8%), respectively (Table 1).

Table 1. Distribution of cases according to accident type

Accident n %

Falling or impacting objects 6 33.3
Crush 5 27.8
Jamming 4 22.2
Fall (from the same lavel) 2 111
Falling from a height 1 5.6

Total 18 100.0
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Seven cases exhibited multiple work-related
accidents. However, upon closer examination, the
injury locations differed from those observed in
other cases within the same case group. A total of
17 cases (94.4%) exhibited injuries from a single
anatomical localization, while one case (5.6%)
exhibited injuries from both the shoulder and ankle.
Upon analysis of the distribution of traumatic
lesions according to anatomical sites, it was
determined that 57.8% of cases involved lower

Table 2. Distribution of cases by injured body parts

extremity injuries (n = 11), 31.6% involved upper
extremity injuries (n: 6), 5.3% involved both lower
and upper extremity injuries (n = 1), and 1 case
involved eye injuries (5.3%). The largest group
among lower extremity injuries was foot/ankle
localization (n = 6, 54.5%). Table 2 illustrates the
distribution of cases according to the affected body
region, as per the malfunction list in Schedule A of
the RPD annex. The dominant side of all cases with
upper extremity injuries was right.

%

o
<
S

Sequelae list*

Pelvis and lower extremities malfunctions 11 57.8
Fingers of the hand malfunctions 5 26.3
Wrist and hand malfunctions 1 5.3
Shoulder and arm malfunctions 1 5.3
Eye malfunctions 1 5.3
Total** 19 100.0

*According to the RPD. **In one case, fractures of both the talus and humerus occurred.

It was determined that 44.4% (n = 8) of the
patients underwent surgery for the injury, and the
others (n = 10, 55.6%) were
treated conservatively. After all the treatments were
applied, there was finger functional limitation or
amputation in  four cases, ankle functional
limitation in three cases, knee functional limitation
in two cases, and decreased vision in one case. The
mean DR of the operated cases was 7.75, with a
mean CP of 3.68. In contrast, the mean DR of the
conservatively followed cases was 5.72, with a
mean CP of 2.64. Comparative analysis of cases in
terms of DR and CP revealed that DR and CP were
the same in 4 (22.2%) cases, DR was higher in 12
(66.7%) cases, and CP was higher in 2 (11.1%)
cases. Although eight cases (44.4%) had healed
without functional residuals, four (50.0%) had a DR
calculated according to RPD. The remaining four
cases (50.0%) were found to have no disability. The
average DR of the cases with a sequelae was 8.5.
Upon evaluation of cases according to the handicap
coverage list (HCL) of the general conditions of
MWCPAI, it was determined that eight cases
(44.4%) who recovered without leaving sequelae
did not have a CP. Nine cases (50.0%) did not have
a direct equivalent in the HCL of the general
conditions of MWCPAI. Therefore, the coverage
item was selected through a comparative method,
and the CP was determined by applying discretion
based on the extent of functional limitation. Only
one case (5.6%) was to have an exact equivalent in
the said list. The average CP of the cases whose CP
was determined was 6.5. Table 3 presents
information on the type of injury, functional
limitations, DR, and CP of the cases.

DISCUSSION

Despite the advancements in technology and
the implementation of rigorous safety measures,
underground coal mining remains a high-risk
occupation concerning accidents and fatalities. In

small-scale enterprises in certain countries, the
number of individuals engaged in informal
mining activities may surpass those employed in
the formal mining sector. Due to the non-adherence
to international and national standards in small-
scale enterprises, accident rates can be
approximately 6-7 times higher than in larger
mining enterprises, even within developed countries
(10). Moreover, the prevalence of unofficial mines,
such as those in Zonguldak, poses a significant and
inevitable danger. The high number of work-related
accidents in Zonguldak and Manisa provinces,
despite their relatively minor populations, can be
explained by the harsh working conditions in the
mining sector (11).

Mining constitutes only 1% of the global
workforce yet accounts for approximately 8% of
fatal occupational accidents (10). According to data
from July 2022, Turkey employs 222,067 workers
in mining and quarries (5). According to recent
reports, workers in the mining industry experience
occupational accidents at a rate over six times
higher and a fatality rate over seven times higher
than workers in other sectors across the country
(12). Figure 1 illustrates the occupational
accidents that occurred in Turkey between 2016 and
2022, specifically highlighting those that transpired
within the challenging coal mining sector.

In our study, all cases were male. According
to the Working Life Statistics 2021 report, 94.83%
of individuals who experienced occupational
accidents in our country were male, while 5.17%
were female (5). Furthermore, it was reported that
nearly all miners (n = 4949) who suffered
occupational accidents in hard coal mining in 2022
were male, with only a small fraction (n = 2) being
female (4). Reviewing the literature, a study
assessing  occupational accidents treated in
emergency departments found that approximately
90% of cases were male (13).
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Table 3. Demographic and sequela characteristics of the cases

Case no

Age/Sex

Type of injury

Cause of disability

Disabilty rate

Comparably selected collateral item

Percentage of

insurance coverage

1 40/M Knee ligament rupture Functional limitation 14.1 Ankylosis of the knee joint 2.9
Amputation of the 4th . S
2 M - .. Amputat 7 lete | fth f | 2.7
39/ digit from the DIP joint mputation Complete loss of the ring finger alone
3 41/M 4th dlg:;stt;e;leangeal Functional limitation 7.2 Complete loss of the ring finger alone 4
4 43/M Tibia fracture Uncomplicated recovery 5.1 No comparable electable equivalent 0
5 35/M Radius fracture None 0 None 0
6 38/M Knee ligament rupture Functional limitation 14 Ankylosis of the knee joint 4
7 31/M Femur fracture None 0 None 0
8 22/M 4th digit phalangeal None 0 None 0
fracture
9 33/M Tibia-fibula fracture Uncomplicated recovery 4.3 No comparable electable equivalent 0
10 41/M Humerus-talus fracture Uncomplicated recovery 9.1 No comparable electable equivalent 0
11 33/M 1st toe SFT None 0 None 0
12 30/M Tibia fracture Functional limitation 4.2 Ankylosis of the ankle joint 3.8
13 33/M Ocular trauma Functional limitation 7.1 Enucleation O.f gne _eye or loss of half of the 3.6
vision in both eyes
14 45/M Tibia fracture Functional limitation 20.2 Ankylosis of the ankle joint 15
15 37/M 1st digit SFT Functional limitation 4.3 Complete loss of the index finger alone 10
16 35/M Talus fracture Functional limitation 10.3 Ankylosis of the ankle joint 9
17 37/M Tibia fracture Uncomplicated recovery 4.3 No comparable electable equivalent 0
18 36/M Lst digit phalangeal Functional limitation 8 Amputation of the thumb alone 10

fracture

DIP: distal interphalangeal; SFT: soft tissue trauma
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mmm Occupational accidents 286068 | 359653 | 430985 | 422463 | 384262 | 511084 | 588823
==@==Hard coal mining accidents| 3363 3410 3123 4187 3808 4561 4951

Figure 1. Occupational accidents (total) and hard coal mining accidents, Tiirkiye, 2016-2022 (4)

Similarly, in a survey conducted by Acara et
al., 90.6% of cases were male (14), and in another
study by Kadioglu et al., 89.3% were male (15).
This male predominance in gender distribution is
believed to stem from the higher involvement of
males in the workforce, particularly in hazardous
and physically demanding sectors like mining, as
observed in our study, leading to increased
susceptibility to occupational accidents.

The mean age of the study sample was 36.05
years. The highest incidence of accidents was
observed during the third decade of life, which was
consistent with findings from studies evaluating
cases admitted to healthcare institutions due to
occupational accidents: Oguzlar et al. (13) reported
the highest number of occupational accidents
occurring within the 28-37 age range, while Orhan
et al. (16) and Acara et al. (14) reported it to be
within the 25-34 age range.In a survey study
involving miners working in underground coal
mines, more than half of the participants (50.8%)
were between the ages of 26-40 (11). Although age
group classifications vary across the literature, it
can be inferred that occupational accidents
primarily affect individuals aged 21-40. This
pattern may be attributed to the active engagement
of this age group in the workforce, coupled with the
inexperience of those newly entering the workforce,
propensity for risk-taking behavior among the
younger demographic, and a more socially active
lifestyle prone to various traumas. Additionally, in
the mining sector, which comprises the sample
group of our study, a significant decline in
employment rates at older ages is natural due to the
strenuous working conditions and heightened risk
of occupational diseases or accidents. A study

examining fatal fall-related occupational accidents
in the United States of America reported that while
young individuals experienced more accidents,
older individuals generally suffered more severe
injuries (17). In our study, the fact that the decrease
in working capacity was higher in relatively older
patients supports this finding.

They were all filed in the civil court of first
instance, functioning as the CCFI. The legal
authority responsible for adjudicating commercial
disputes is the CCFl. Given that cases stemming
from insurance law fall within the scope of
commercial matters, such disputes are resolved by
the CCFI. In jurisdictions lacking a dedicated
CCFI, commercial cases are adjudicated by the civil
court of first instance, functioning as the CCFI (18).

Looking at the distribution of the type of
injury of occupational accidents that occurred in
Turkey in 2022, it was reported that 44.9% were
wounds and superficial injuries, 15.1% were
dislocations, sprains, or strains, 4.3% were bone
fractures, and 0.1% were amputations (4). A study
on occupational accidents reported that most of
the injuries are so mild that they canbe
remedied by a simple medical intervention (19).
Another study analyzing occupational accidents
admitted to the Social Security High Health
Committee  reported fractures (28.8%) and
amputations (24.8%) as the most common types of
injuries in the construction, furniture, and
equipment manufacturing, as well as coal mining
industries (20). Similarly, a study on occupational
accidents in Denizli found that the most common
cause of presentation was soft tissue trauma,
followed by fractures (21). In our study, fractures
accounted for 66.7% of the cases. While there are
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sectoral variations in these studies, it is evident that
severe injuries can occur in high-risk working
environments such as the mining sector.

The study observed that the two most
common accidents were falling or impacting
objects  (33.3%) and crushing  (27.8%).
Occupational accidents may occur in mines due to
falling or slipping of materials, nail penetration, and
falls. The strength, grip, and anti-slip or abrasion
properties of boots are crucial for personal
protection against injuries caused by falls. It
has been reported that over three-quarters of
occupational accidents in underground mines occur
because hand, foot, and wrist protectors, which are
essential personal protective equipment, do not
fully meet the required standards (22).

Our study observed that all patients (94.4%)
except one, who sustained an eye injury due to a
stone impact, experienced injuries to the extremities
in terms of anatomical regions. The most prevalent
injury was lower extremity injury, with foot/ankle
localization constituting the largest subgroup (n = 6,
54.5%). A thesis study assessing occupational
accidents reported that around 70% of lower
extremity traumas were related to the foot and ankle
(21). There is a consistency in the frequency of
injury sites in occupational accidents, as reported in
the literature. In two separate studies analyzing
occupational accidents presented at the emergency
department, extremity trauma emerged as the most
prevalent injury site (15,23). However, there were
proportional differences when the extremities were
categorized into upper and lower extremities.
Studies reported upper extremity injuries as the
largest group, with lower extremity injuries as the
second most common (14,15,24). The higher
incidence of lower extremity injuries in our study
may be due to the difference in the lines of work
and the work performed between our research and
other studies.

Colak et al. reported that approximately 90%
of patients received medical treatment, while the
remaining underwent surgery (23). Conversely, in
this study, it was found that 44.4% of cases
required surgery. This variance is presumed to be
attributable to differences in the study population. It
was observed that the mean DR and the mean CP
were higher in cases that underwent surgery
compared to those managed conservatively.
Surgical applications come to the forefront in
deplased or complicated fractures or injuries with
high severity (25,26).

In approximately one-fourth of cases
(22.2%), the DR andthe CP were foundto be
identical. Remarkably, this concordance between
DR and CP was observed solely in cases that had
healed without sequelae, a category not
encompassed by either list. The RPD has disability
provisions for uncomplicated healed patella,
calcaneus, talus, fibula, and tibia fractures. Half of

the patients who recovered without functional
limitations were assigned a DR in the present study.

It was determined that the cases that healed
without functional disability did not have a
provision in the disability coverage list of the
general conditions of the MWCPAI. While the
literature underscores the limitations of the
RPD (27-29), it is evident that the disability
coverage list within the MWCPAI requires further
elaboration to mitigate the risk of mine workers
losing their entitlements.

In compensation law, when evaluating
permanent bodily damages, there are instances
where the exact equivalent of a person's impairment
may not be explicitly listed. This situation may lead
to the selection of the closest defect to the sequelae
in the person by comparison and to assess the
extent of the functional limitation of the person
(30). In our study, half of the cases had their CP
determined by selecting from the HCL through a
comparison method and applying discretion
regarding the rate of functional loss. This approach
may result in contradiction among report preparers
in cases where sequelae do not precisely match any
listed impairments. We argue that updating the
HCL for the MWCPAI to encompass a broader
range of clinical conditions encountered in practice
would ensure standardization.

Actuarial calculation is essential in
determining compensation in financial
compensation cases filed due to death or bodily
injury. The calculation considers active and passive
period earnings the disability and fault rates, if
applicable. It is critical to meticulously examine all
medical records to ascertain any sequelae forming
the basis of the DR, leaving no room for doubt.
Determining disability in cases where an individual
has previously sustained injuries for any reason
poses challenges (31). When determining the DR
and the CP for the same functionally affected area
in different incidents, it is necessary to calculate the
difference between pre- and post-trauma. In our
study, although seven cases involved multiple
occupational accidents, the injury localizations
differed from each other on a case-by-case basis.
Hence, a calculation method based on differential
calculation was not required. Yet, a detailed
reexamination of cases necessitating difference
calculation is crucial. The availability of pre-
incident medical records can aid in distinguishing
sequelae caused solely by the incident. Moreover,
thorough performance of re-employment and
periodic examinations can ensure accurate
assessments in  determining the amount of
compensation due to the DR in cases of
occupational diseases or accidents.

Hand injuries frequently occur due to failure
to comply with occupational safety principles (32).
Studies examining hand injuries have reported that
the dominant side is often affected, given its
increased usage during work (32—34). Furthermore,
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hand injuries typically necessitate prolonged
treatment and commonly result in functional
impairment (35). Our study shows that the
dominant side of all patients with upper extremity
injuries was right, and most recovered with
sequelae reinforces the literature. As the RPD
specifies DR for the dominant upper extremity, a
1/5 discount is applied for sequelae in the non-
dominant extremity during DR  calculations.
Similarly, the HCL for the MWCPAI highlights
rates for the dominant upper extremity. Hence, it is
evident that both lists are arranged in favor of the
dominant side.

Limitations: One limitation of the study is
that it was limited to recourse cases, excluding
others.  Since it was a  retrospective
study, information on the factors leading to
accidents and working conditions could not be
obtained. Being single-centered poses a challenge
in generalizing the findings to the broader
population. One possible reason for the low number
of cases is the existence of an unregistered labor
force, which is also known to the public as the
invisible tip of the iceberg.

CONCLUSION

Based on a proactive approach, OHS aims to
prevent occupational accidents by conducting risk
analyses that may cause the accident to occur.
Despite being inherently high-risk environments,
it is asserted that nearly all accidents in mines are
preventable (11). Statistical data presented in OHS
studies can  contribute  significantly  to
understanding the root causes of accidents and
diseases and facilitate the implementation of
necessary preventive measures (8). However,
despite the obligation imposed on mining
companies to comply with the MWCPAI, the
upward trend in occupational accidents in hard coal
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Enhanced Expression of miR-638-5p May Suppress Acute
Myeloid Leukemia in vitro Cell Proliferation Through

PGK1 and PIM1

ABSTRACT

Obijective: miR-638-5p is a crucial tumor suppressor miRNA in several cancer types
including, Acute Myeloid Leukemia (AML). This study aimed to analyze the role of
miR-638-5p and its potential target genes in HL-60 and NB4 acute promyelocytic
leukemia cell lines using in vitro method.

Method: After the miR-638-5p mimic transfection into AML cells, the effect on cell
viability was examined by the WST-8 method, and the effect on apoptosis was measured
via the Caspase-3 quantification method. In silico tools such as miRWalk, miRDB, and
miRTarBase were used to select the possible target genes of miR-638-5p. The expression
levels of selected genes were investigated by qRT-PCR. The overall survival (OS) rate of
AML patients was explored via the BloodSpot database, the Enrichr tool was used for
enrichment analysis, and correlation analysis was performed using the Correlation
AnalyzeR tool.

Results: Decreased proliferation and increased apoptosis were determined in miR-638-5p
mimic transfected cells compared to the controls. MECP2, PIM1, MEF2C, PGK1, and
SPAG1 genes were selected as the potential targets of miR-638-5p for in vitro study.
PGK1 and PIM1 expression levels were significantly suppressed in cells transfected with
the miR-638-5p mimic. The OS investigation revealed that overexpression of MECP2,
MEF2C, and PGK1 does not affect the survival of AML patients; however,
overexpression of SPAG1 and PIM1 has a detrimental effect on AML survival. Also, a
positive correlation was detected between PIM1 and PGK1 genes via enrichment
analysis.

Conclusions: miR-638-5p may contribute to AML pathogenesis by targeting the PGK1
and PIM1 genes, and this situation may indicate its potential as a biomolecule for
regulating cell proliferation in AML cells.

Keywords: miR-638-5p, Acute Myeloid Leukemia, HL-60, NB4, microRNA Mimic
Transfection.

miR-638-5p'nin  Ekspresyon Artig PGK1 ve PIM1
Aracihgiyla Akut Miyeloid Loésemide in vitro Hiicre

Proliferasyonunu Baskilayabilir

OZET

Amag: miR-638-5p, Akut Miyeloid Lésemi (AML) dahil olmak {izere ¢esitli kanser
tirlerinde onemli bir timor baskilayict miRNA'dir. Bu ¢aligma, miR-638-5p'nin ve
potansiyel hedef genlerinin HL-60 ve NB4 akut promyelositik l6semi hiicre hatlart
tizerindeki roliinii in vitro ortamda incelemeyi amaglamaktadir.

Yontem: miR-638-5p mimik transfeksiyonundan sonra AML hiicrelerinin canliligi
tizerindeki etki WST-8 yontemi ile apoptoz tizerindeki etki ise Caspase-3 kantifikasyon
yontemi ile incelendi. miRWalk, miRDB ve miRTarBase gibi in silico araglar miR-638-
Sp'nin olas1 hedef genlerini segmek i¢in kullanildi. Segilen genlerin ifade diizeyleri qRT-
PCR ile arastirildi. AML hastalarinin genel sagkalim (OS) oran1 BloodSpot veritabani
iizerinden arastirildi, zenginlestirme analizi i¢in Enrichr araci kullanildi ve korelasyon
analizi Correlation AnalyzeR araci kullanilarak gergeklestirildi.

Bulgular: Kontrollerle karsilastirildiginda miR-638-5p mimik transfekte hiicrelerde
azalmig proliferasyon ve artmig apoptoz belirlendi. MECP2, PIM1, MEF2C, PGK1 ve
SPAGL1 genleri in vitro calisma i¢in miR-638-5p potansiyel hedefleri olarak segildi.
PGK1 ve PIM1 ekspresyon seviyeleri miR-638-5p mimic transfekte her iki hiicrede de
onemli oOlglide baskilandi. OS arastirmasi, MECP2, MEF2C ve PGKl'in asir
ekspresyonunun AML hastalarmin sagkalimini etkilemedigini; ancak SPAG1 ve PIM1'in
asirt ekspresyonunun AML sagkalimu iizerinde zararli bir etkiye sahip oldugunu ortaya
koydu. Ayrica, zenginlestirme analizi yoluyla PIM1 ve PGK1 genleri arasinda pozitif bir
korelasyon tespit edildi.

Sonu¢: MiR-638-5p'nin PGK1 ve PIM1 genlerini hedef alarak AML patogenezine
katkida bulunabilecegi ve bu durumun AML hiicrelerinde hiicre proliferasyonunu
diizenleyen bir biyomolekiil olarak potansiyeline isaret edebilecegi diigiiniilmektedir.
Anahtar Kelimeler: miR-638-5p, Akut Miyeloid Losemi, HL-60, NB4, mikroRNA
Mimik Transfeksiyonu.
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INTRODUCTION

Acute Myeloid Leukemia (AML) is a type
of leukemia that occurs with the accumulation of
myeloid cells that cannot mature during the blood
cell formation process. It is the most common type
of acute leukemia among adults. It is responsible
for 80% of adult acute leukemias and is a rare type
of childhood leukemia. The disease mostly occurs
due to de novo mutations in healthy individuals (1,
2).

MicroRNAs (miRNAs) are small, non-
coding RNAs, consisting of 17- 25 nucleotides (3).
It is possible to functionally investigate the roles of
miRNAs in cellular processes through target genes
by providing gain or loss of miRNA function in the
cell through mIRNA mimic and inhibitor
transfection into the cell. (4). Although there are
different methods, miRNA mimic transfection is
generally applied via the lipofectamine-mediated
method (5). miRNAs bind to target mMRNA
transcripts, causing transcript degradation or
negative regulation of gene expression by
repressing translation (6, 7). Sequences encoding
miRNAs, whose main function is to regulate
protein levels by causing mRNA degradation,
constitute 1-3% of the human genome (8, 9).
miRNAs are involved in many processes in cancer
biology, such as apoptosis, metastasis, and
proliferation (10, 11). Therefore, because miRNA
expression can be associated with cancer type,
cancer stage, patient response to treatment, and
clinical changes, studies on the use of miRNAs as
biomarkers, especially for cancer diagnosis and
prognosis, have increased in recent years (12).

Studies have shown that miR-638-5p may
have a significant role in many malignancies,
including hepatocellular carcinoma (13), gliomas
(14), lung cancer (15), breast cancer (7), stomach
cancer (16), and leukemia (17). In these studies,
decreased miR-638-5p levels were observed, and
decreased miR-638-5p was associated with
metastasis, poor prognosis, and a low survival rate
for these disease types. miR-638-5p, which may
have different target genes for each disease, causes
a decrease in the expression of target genes by
targeting oncogenes and thus acts as a tumor
suppressor in the cell. Because of this feature, miR-
638-5p, which has a tumor suppressor effect on
cells, has been determined as a suitable candidate
for therapeutic studies in various types of cancer
and solid tumors (18).

Only one study has investigated the
relationship between AML and miR-638-5p, which
showed that decreased miR-638-5p was associated
with deterioration of disease status, poor prognosis,
and increased metastasis for AML (19). The effect
of the association between miR-638-5p and its
potential target genes on AML processes requires
elucidation.  Therefore, the present study
investigated the function of miR-638-5p and
potential target genes in AML cells. Initially,

potential target genes of miR-638-5p were
identified using in silico tools. The functional
effects of ectopic miR-638-5p on AML cells were
assessed, and the expression levels of possible
target genes of miR-638-5p in AML cells were
examined utilizing in vitro methods. The protein-
protein interactions (PPI) association between
possible target genes of miR-638-5p and their
impact on AML survival was examined using in
silico databases.

MATERIAL AND METHODS

Proliferation, Passage, and
Cryopreservation of Cells: The HL-60 and NB-4
cells were cultured in RPMI-1640 medium
containing 10% FBS and 1% antibiotic. Cells were
cultured in an incubator at 37°C temperature
condition with 5% CO; and passaged as needed.
Cells were frozen and stored at -80°C in RPMI-
1640 freezing medium containing 10% DMSO for
use in other experimental stages.

miR-638-5p and Non-Targeting miRNA
Mimic Transfection: Cells were counted, and
4x105 cells were placed in each well of a 6-well
plate. RPMI-1640 medium containing 10% FBS
without antibiotics was used for transfection. 24
hours after transplantation, miR-638-5p mimic
transfection, and non-targeting miRNA mimic
transfection were performed according to the
Lipofectamine 2000 reagent protocol (Invitrogen,
Carlsbad, CA, USA).

Observation of the Effect of miR-638-5p
on Cellular Processes: The CVDK-8 kit (EcoTech
Biotechnology) was wused to examine the
proliferation changes in cells transfected with the
miR-638-5p mimic and non-targeting MIRNA
mimic via the WST8 method. The Caspase-3 Assay
was used for the evaluation of the effects of miR-
638-5p on apoptosis.

Identification of Potential Target Genes of
miR-638-5p: In this study, some criteria were
considered while selecting potential target genes of
miR-638-5p; a) Since mMiR-638-5p is a tumor
suppressor mMIiRNA, genes reported to be
overexpressed in cancers were selected, b) Genes
targeted by miR-638-5p in at least one of the in
silico databases miRWalk, miRDB, TargetScan,
and miRTarBase were selected, c) Each of the
selected genes has been shown to contribute to the
cancer process by being targeted by miR-638-5p in
cancer types other than AML.

Determination of the Effect of Potential
Target Genes of MiR-638-5p on AML Overall
Survival: The BloodSpot is a useful database that
includes information about gene expression from
AML patients that is crucial to the formation and
maturation of blood cells. This tool has facilitated
the rapid acquisition of an overview of gene
expression patterns in healthy and malignant
hematopoiesis for many researchers (20). By the
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BloodSpot database, the effects of potential target
genes of miR-638-5p on the overall survival (OS)
rate of AML patients were explored in this research.

Enrichment Analysis: KEGG pathways and
hub genes associated with the selected potential
target genes of miR-638-5p were investigated using
the Enrichr (21) tool, and correlation analysis was
performed using the Correlation AnalyzeR (22)
tool.

RNA Isolation: Total RNA was isolated 24
h after mimic transfection using TRIzol
(Invitrogen). NanoDrop ND-2000c
spectrophotometer (Thermo Fisher) was used to
measure the concentration and purity of the isolated
RNAs. The isolated RNAs were stored at -80 °C to
be used in the necessary stages of the study.

cDNA Synthesis and gRT-PCR Analysis:
The expression level of miR-638-5p was analyzed
to determine the transfection level in HL-60 and
NB4 cell lines. For this purpose, the synthesized
cDNA samples were used in gRT-PCR analysis.
gRT-PCR experiment was performed using
TagMan Universal Master Mix (Thermo Fisher),
TagMan miRNA probes (Thermo Fisher) and
TagMan control probes (RNU43) on the
LightCycler480 (Roche). cDNA synthesis was
performed with the SCRIPT Reverse Transcriptase
kit and the B-actin gene was used in normalization
as a housekeeping gene. The 5x HOT FIREPol
EvaGreen gPCR Supermix (Solis Bio Dyne) was
used in accordance with the manufacturer's
protocol. Expression analysis of selected genes as
candidate targets of miR-638-5p was performed.

Statistical Analysis: SPSS 28 software was
used for the statistical analysis of the study data.
Student's t-test was used to evaluate statistical
significance, and according to the test results, data
with a p-value less than 0.05 were considered
significant. The 2-24¢ method was used for relative
quantitation analysis of the gRT-PCR results.
GraphPad Prism 9.3 software was used to create
figures.
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RESULTS
Ectopic expression of miR-638-5p inhibits
AML Cell Proliferation: gRT-PCR analysis
revealed that miR-638-5p levels were substantially
elevated in transfected cells in comparison to
control groups, indicating that transfection had
occurred as expected (Figure 1). Cell viability was
considerably reduced in HL-60 and NB4 cells
transfected with mimic miR-638-5p, as assessed by
the WST-8 method at 48 and 72 hours (p<0,05)
(Figure 2A).
== nt control group
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Figure 1. Validation of miR-638-5p mimic
transfection efficiency (**p <0.01, ***p <0.001).

Overexpression of miR-638-5p Induces
Apoptosis in AML Cells: After miR-638-5p
transfection into NB4 cells, the amount of Caspase
3 showed a statistically significant increase
compared to the control group (Figure 2B). The
significant elevation of Caspase 3, recognized as an
apoptosis marker, in miR-638-5p transfected cells
relative to the control group suggests that miR-638-
5p may induce apoptosis in AML cells.
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Figure 2. miR-638-5p mimic transfection A) inhibited proliferation and B) elevated apoptosis of the acute

myeloid leukemia cells (**p <0.01, ***p <0.001).
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miR-638-5p may Affect AML Prognosis
via Potential Target Genes: According to the
determined criteria; the MECP2, PIM1, MEF2C,
PGK1, and SPAG1 genes were selected as the
targets of miR-638-5p for in vitro study. In silico
investigations revealed that PIM1 expression was
elevated in complex cytogenetic anomalies, a poor

Furthermore, the results of the overall survival (OS)
investigation showed that overexpression of
MECP2, MEF2C, and PGK1 does not affect the
survival of AML patients; however, overexpression
of SPAG1 and PIM1 has a detrimental effect on
AML survival (Figure 4). Enrichment analysis
results showed a positive correlation between PIM1

prognostic  indicator in AML (Figure 3).
A

and PGK1 genes (Figure 5).
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Figure 3. Analysis 'of the relationship between miR-638-5p, a selected target gene, and AML in silico A)
Comparison of PIM1 gene expression in cases of prevalent cytogenetic abnormalities associated with AML
cases, B) Base pairing between miR-638-5p and PGK1 and PIM1.
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Figure 4. Determination of the impact of the potential target genes of miR-638-5p on the survival of AML
patients. The overexpression of MECP2, MEF2C, and PGK1 does not influence the survival of AML patients;
conversely, the overexpression of SPAG1 and PIM1 adversely impacts AML survival.

Konuralp Medical Journal 2025;17(1): 39-47
42



Ozbakis Ozkaynak S. et al.

Evaluation of the Expression Levels of Target control group in both HL-60 (p=0.019 and p=0.003)
Genes: The selected genes’ (MECP2, PIML, and NB4 (p=0.010 and p=0.016) cell lines. On the
MEF2C, PGK1, and SPAG1) primer sequences other hand, it was determined that the expressions
were added to Table 1. PIM1 and PGK1 gene of MECP2, MEF2C, and SPAGL1 genes did not
expressions were detected to be decreased in the show a statistically significant change (Figure 5,
miR-638-5p transfected group compared to the Figure 6).
Table 1. Primer sequences used in qRT-PCR
Primer Sequence Reference
PIM1-F 5'- CCGTCTACACGGACTTCGAT-3’ (50)
PIM1-R 5'- CTGGCCCCTGATGATCTCTT-3’
PGK1-F 5-TCACTCGGGCTAAGCAGATT-3 (51)
PGK1-R 5'-CAGTGCTCACATGGCTGACT-3'
MECP2-F 5-ACTTCTGGCCCTGGTTAGGT-3' (52)
MECP2-R 5'-CCGTGACCGAGAGAGTTAGC-3' (52)
MEF2C-F 5'-GCACCAACAAGCTGTTCCAG-3' (53)
MEF2C-R 5-TGTCTGAGTTTGTCCGGCTC-3'
SPAGI1-F 5'-CCGCAGTGGTATAGCAACAG-3' (54)
SPAG1-R 5-GGCTTTCACGTTCCCATCAG-3'
p-actin-F 5’-GCCTCGCCTTTGCCGATC-3’ (55)
p-actin-R 5’-CCCACGATGGAGGGGAAG-3’
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Figure 5. Enrichment analysis results of PIM1, a potential target gene of miR-638-5p. A) Positive correlation
between PIM1 and PGK1 genes, potential target genes of miR-638-5p, B) 10 hub genes of PIM1, C) Pathways
associated with PIM1 according to KEGG 2021.
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Figure 6. The relative expression level of potential target genes of miR-638-5p selected via in silico approaches
A) HL-60 cells, B) NB4 cells (*p <0.05, **p <0.01).
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DISCUSSION

Acute Myeloid Leukemia (AML) is a highly
aggressive cancer, especially prevalent in the
elderly  population, characterized by poor
therapeutic  response, therefore presenting a
substantial health challenge (23). Recent findings
indicate that dysregulated miRNAs significantly
influence AML pathogenesis by controlling cell
differentiation, proliferation, and apoptosis. For
instance, overexpression of miR-155 is frequently
seen in AML and is associated with poor prognosis
(24). The miR-181 family members are often
downregulated in AML. Their inhibition results in
increased expression of oncogenes and facilitates
leukemic transformation (25). MiRNAs may serve
as biomarkers for diagnosing AML and
differentiating it from ALL. Garzon et al. showed
that overexpression of the miR-20a, miR-25, miR-
191, miR-199a, and miR-199b in AML were
associated with clinical outcomes of AML patients
such as poor prognosis and low survival rate (26).

miR-638-5p is one of the MiRNAs that is
associated with many diverse types of cancer and
has been reported to play a role in the cancer
formation process. miR-638-5p, which has been
found to support tumor formation in cancers such as
lung cancer (27), breast cancer (28), and melanoma
(29), has shown tumor suppressor properties in
types such as stomach cancer (16), colorectal
cancer (30), and leukemia (31). In breast cancer and
osteosarcoma, it can act both as a promoter of
tumor formation and a suppressor of tumor
formation by targeting different genes (32). Few
studies have examined the relationship between
miR-638-5p and AML (17-19). In one of these
studies, miR-638-5p expression was found to be
repressed in primary myeloid cells (19).

In this study, miR-638-5p transfection
reduced the proliferation of both NB4 and HL-60
cells. This result was confirmed by data obtained
from the measurement of apoptosis in NB4 cells.
The data obtained were compatible with literature
data, and miR-638-5p was observed to reduce cell
viability and increase apoptosis in AML cells, and
it was confirmed that it had a tumor suppressor
effect on AML (14, 33, 34).

According to our gene expression results, a
statistically significant decrease in the expression of
PIM1 and PGK1 was observed in both NB4 and
HL-60 cell lines in the miR-638-5p transfected
group compared to the control group. On the other
hand, no significant change was observed in the
expression of MECP2, MEF2C, and SPAG1 among
the target genes in either cell line.

In our study in silico analyses showed that
PIM1 overexpression may be associated with poor
survival in AML patients. Correlation analysis
results revealed a significant positive correlation
between PIM1 and PGK1. Based on the findings of
enrichment analysis, it seems that the PIM1 gene
may significantly contribute to the development of

several malignancies, including AML. As a result
of hub gene analysis, many of the 10 genes
identified to be associated with PIM1 were
determined to be among the genes that play an
important role in the AML process. For instance,
MDM2 serves as a negative regulator of the tumor
suppressor p53 and is often overexpressed in acute
myeloid leukemia (AML) and many solid
malignancies (35). RPN1, one of the PIM1 hub
genes, is crucial in the progression of many
malignancies (36). EVI1 is a low-expressed gene in
normal hematopoietic cells; nevertheless, AML-
characterized  t(3;3), inv(3), or ins(3;3)
chromosomal  abnormalities lead to the
juxtaposition of the promoter for the housekeeping
gene RPN1, situated upstream of the EVI1, causing
significant upregulation of EVI1 (37). These
examples as well as additional studies in the
literature suggest that PIM1 may be essential to
AML processes via several AML-associated genes.

Studies show that miR-638-5p may inhibit
cancer cell proliferation via PIM1 in some cancers.
For example, in a study by Wang et al., PIM1
expression was increased in osteosarcoma cells, and
it was concluded that it was associated with a low
survival rate for this type of cancer, and increased
miR-638-5p expression was reported to play a
tumor suppressor role by inhibiting PIM1 gene
expression (38). On the other hand, the relationship
between miR-638-5p and PIM1 has not been
investigated in AML as of yet. PGK1 is a proto-
oncogene associated with many types of cancer
because it participates in DNA repair and
angiogenesis. Increased PGK1 expression in solid
tumors, such as stomach cancer (39), ovarian cancer
(40), brain tumors (41, 42), breast cancer (43),
hepatocellular carcinoma (44), and prostate cancer
(45), has been associated with tumor development
and metastasis (46). miR-638-5p has been shown to
contribute to the disease process via PGKL1 in
human aortic endothelial cells (47). However, the
miR-638-5p/PGK1 axis has not been investigated in
AML.

The current study investigated the role of
ectopic miR-638-5p expression in AML cells,
revealing that miR-638-5p may suppress AML cells
via the PIM1 and PGK1 genes. We conclude that
PIM1 and PGK1 genes may have the potential to
play a key role in the pathogenesis of AML. The
results of our study will contribute to the literature
by demonstrating miR-638-5p/PGK1 and miR-638-
5p/PIM1 relationships in AML cells.

Studies using mimic and inhibitor
transfection approaches to investigate the functions
and mechanisms of miRNAs have made it possible
to investigate relevant miRNA-disease relationships
in vitro. However, miRNA-mediated approaches
are disadvantaged by the in vivo stability and
availability of these molecules, which unfortunately
limits the clinical applicability of miRNAs. Current
studies have focused on alternative techniques such
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as nanoparticle-mediated methods for the
enhancement of mMiRNA stability and targeted
delivery. Thus, miRNAs can be much more
efficient in clinical applications in the future by
overcoming these issues (48, 49).

Our study results indicate that miR-638-5p
may play a role as a tumor suppressor in AML cells
via the PGK1 and PIM1 genes and may be a
candidate therapeutic miRNA for future studies.
Even though these data at the mRNA level require
confirmation with further studies. As a further
study, the protein levels of PIM1 and PGK1 after
miR-638-5p transfection can be investigated by
western blot. Confirming whether miR-638-5p
targets the 3' UTR of these target genes using the
luciferase reporter assay method is another
possibility for further investigation. It is particularly
important to confirm the findings obtained in cell
lines in the peripheral blood and bone marrow
samples of patients with AML. Overall, these data
will be valuable for the design of future in vivo
animal experiments.

CONCLUSION

miR-638-5p transfection reduced
proliferation, increased apoptosis, and targeted
PIM1 and PGK1 oncogenes, reducing their
expression in two AML cell lines, HL-60 and NB4.
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Did Increase of Rates of Sudden Hearing Loss During

COVID-19?

ABSTRACT

Objective: This study aims to assess the impact of the COVID-19 pandemic on
cases of sudden hearing loss (SHL).

Method: We examined two patient groups diagnosed with SHL at Diizce
University Medical Faculty Hospital and Diizce Atatiirk State Hospital in
Turkey. The first group, diagnosed between March 2019 and March 2020,
represents pre-Covid-19. The second group includes patients diagnosed from
March 2020 to March 2021, corresponding to the initial year of the Covid-19
pandemic in this region. We evaluated patient numbers, age, and gender across
these groups to identify any increase in SHL cases potentially associated with
the pandemic.

Results: The ratio of SHL cases per population in Group 1 was 51 out of
450,000, or approximately 0.011333. In Group 2, this ratio was 32 out of
450,000, or roughly 0.007111. Statistical analysis (p=0.037) revealed a notably
higher SHL rate in the pre-Covid-19 period than during the pandemic.
Conclusions: The suggested etiological explanations for SHL remain
hypothetical. Although COVID-19 has been widely considered a possible factor,
our findings do not support increased SHL cases due to the virus.

Keywords: COVID-19 Pandemic, Sudden Hearing Loss, Infection.

Covid-19 Siirecinde Ani Isitme Kaybi Oranlari Artis

Gosterdi Mi?

OZET

Amac: Bu galismanin amaci, Covid-19 salginin ani isitme kaybi iizerindeki
etkisini aragtirmaktir.

Yontem: Calismamizi olusturan 1. grup, Covid-19 oncesi Tirkiye-Diizce Mart
2019 den Mart 2020 tarihine kadar Diizce Universitesi T1p Fakiiltesi Hastanesi
ile Diizce Atatiirk Devlet Hastanesi’ nde Ani Isitme Kaybi tanis1 almis hastalar
igerir. Ikinci grup ise yine aymi popiilasyonda Covid-19 enfeksiyonun goriilmeye
basladigt Mart 2020 ile Mart 2021 ile tarihleri arasinda AIK tamsi almis
hastalar1 igermektedir. Bu hastalarin sayisi, cinsiyeti ve yasi incelenip, iki
grubun sayisi arasinda AIK tanisi alan hastalarinda Covid-19 salgii nedenli bir
arti§ olup olmadiginin degerlendirilmesi amaglanmaktadir.

Bulgular: Grup 1 deki hastalarin niifusa orant 51/450000 = 0,011333 dir. Grup
2 deki hastalarin niifusa orani1 32/450000 = 0,007111 dir. Bu iki oran 51/450000
= 0,011333 ile 32/450000 = 0,007111 karsilagtirlldiginda p=0,037 olup
istatistiksel olarak Covid-19 6ncesinde AIK orani, Covid-19 esnasindaki ATK
oranindan anlaml olarak yiiksek bulunmustur.

Sonuc: Etyoloji de ortaya konan fikirler hipotez diizeyindedir. Tiim diinyay1
etkisi altina alan Covid-19 da AIK nin olagan siiphelileri arasindadir. Bizim
bulgularimiz Covid-19 un AIK ni1 artirmadig1 ydniindedir.

Anahtar Kelimeler: Covid-19 Salgini, Ani Isitme Kayb1, Enfeksiyon.
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INTRODUCTION

Sudden hearing loss (SHL) is considered an
otorhinolaryngology emergency, characterized by a
rapid sensorineural hearing decrease of 30 dB or
more across three sequential frequencies within 72
hours. Each year in the United States, about 5 to 27
out of every 100,000 individuals are diagnosed with
SHL (1). Given the condition's relatively rare
occurrence, its causes and treatments are not fully
understood (2). Studies indicate that 32-65% of
SHL cases may resolve on their own (3,4). Possible
causes include viral infections (5), vascular
blockages (6), cochlear stress responses (7), and
immune-related processes (8). Viral agents such as
herpes simplex (HSV), HIV, hepatitis, measles,
rubella, mumps, lassa virus, and enterovirus have
been associated with SHL (2,9,10).

Covid-19, identified in December 2019 as a
zoonotic virus from a seafood market (11), typically
shows symptoms within 2 to 14 days of exposure.
Common symptoms are fever, cough, sore throat,
headache, muscle aches, and changes in taste or
smell, though severe cases can lead to respiratory
distress, multi-organ failure, or death, especially in
immunocompromised individuals (12,13).

While various viruses are known to trigger
SHL, it is uncertain whether Covid-19 is one of
them. This study investigates whether there was an
increase in SHL cases within one year following the
onset of the Covid-19 pandemic.

MATERIAL AND METHODS

A total of 83 patients with SHL were
included in this study. To meet the study’s
objective, participants were divided into two
groups, each spanning the same one-year
timeframe: the pre-pandemic group and the
pandemic-period group. The pre-pandemic group
consists of patients diagnosed with SHL at Duzce
University Medical Faculty Hospital and Duzce
Atatiirk State Hospital between March 2019 and
March 2020 in Duzce, Turkey, before Covid-19
emerged. The pandemic group includes those
diagnosed with SHL between March 2020 and
March 2021, marking the period when Covid-19
began affecting this area. The study was conducted
retrospectively based on sudden hearing loss
diagnoses entered into the system. By comparing
the number of SHL cases, along with patient age
and gender, this study aims to determine if there
was an increase in SHL cases during the pandemic.
The Clinical Research Ethics Committee of Duzce
University approved the study protocol (2020/160)

Statistical Analysis: Statistical analyses
were performed using IBM SPSS version 22 (IBM
Corp., 2013, Armonk, NY). The Shapiro-Wilk test
was applied to check data distribution, and the
Levene test was used to assess homogeneity of
variance. For comparisons between groups, an
independent samples t-test was conducted, while
categorical data were evaluated using a chi-square
test. Results were presented as mean, standard

deviation, frequency, and percentage, with a
statistical significance threshold set at 0.05.

RESULTS

In this study, 83 patients in total were
assessed. The pre-pandemic group included 51
patients, with 26 males (50.98%) and 25 females
(49.02%), and an average age of 44.71+16.27 years.
In the pandemic group, there were 32 patients,
comprising 22 males (68.75%) and 10 females
(31.25%), with a mean age of 44.03+£14.98 years
(Table 1). No statistically significant differences in
age (p=0.850) or gender distribution (p=0.111)
were observed between the pre-pandemic and
pandemic groups. SHL incidence rates per 100,000
people were calculated for each one-year period,
with the population of Diizce considered as
450,000. The pre-pandemic rate was 11.33 per
100,000, while the pandemic rate was 7.11 per
100,000. A significant difference was found
between these rates (p=0.037), with the SHL rate
being notably higher before Covid-19 compared to
during the pandemic. (Figure 1).

Table 1. Comparison of before and pandemic-
period groups

Before Pandemic
Pandemic Period p
(n=51) (n=32)
Sex, n (%)
Male 26 (50.98) 22 (68.75)

Female  25(49.02) 10(3L25) Ol

Age 447141627 44.03£1498  0.850
(year)

10 11,33

7,11

0

Before Pandemic Pandemic Period

Figure 1. The ratio of sudden hearing loss in the
before and pandemic period

DISCUSSION

Coronaviruses (CoVs) have led to three
significant outbreaks in the past 25 years: Severe
Acute Respiratory Syndrome (SARS), Middle
Eastern Respiratory Syndrome (MERS), and
currently COVID-19. The COVID-19 outbreak
began in Wuhan, Hubei province, China, and was
identified as a zoonotic disease associated with a
novel betacoronavirus, SARS-CoV (14). Key
symptoms of COVID-19 include fever, cough, sore
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throat, muscle pain, respiratory failure, and
disorders of smell and taste (15).

Viral infections can lead to peripheral facial
paralysis and sensory disorders related to cranial
nerve involvement (16,17). Various viruses, such as
herpes simplex, HIV, hepatitis, measles, rubella,
mumps, Lassa, and enterovirus, have been
implicated in sudden hearing loss (SHL) (17,18).
Several theories suggest that viral infections might
cause SHL through mechanisms such as direct
invasion of the cochlear nerve, reactivation of latent
viruses in the inner ear, or systemic cross-reactions
between antigens and antibodies triggered by the
virus (2,17,18).

Numerous studies have explored the
relationship between COVID-19 and SHL,
primarily in the form of case reports. In one study
by Osman Kilig et al (19), out of five SHL patients
tested for COVID-19, one tested positive,
exhibiting SHL as the sole symptom. The authors
cautioned that SHL could be a unique manifestation
of COVID-19. Lamaunier et al (20) documented a
case of SHL in the right ear of a 67-year-old female
patient following COVID-19. Similarly, Lang et al
(21) described a nurse diagnosed with COVID-19
who later experienced sudden hearing loss in her
right ear despite treatment.

Drouet et al (22) found elevated plasma
serotonin levels in SHL patients in a study
involving 133 participants. Building on this,
Harenberg et al (23) proposed that increased
serotonin may lead to coagulation disorders and
microthrombosis, suggesting a potential link
between COVID-19 and SHL via ACE2 receptors.
Fidan and colleagues (24) evaluated the incidence
of sudden hearing loss during the COVID-19
pandemic, revealing an increase in SHL diagnoses
compared to pre-COVID-19 rates. In a cohort study
conducted by Kim et al. (25), it was found that
Covid-19 infection increased sudden hearing loss.
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Evaluation of COVID-19 Vaccination Status and Influencing
Factors among Research Assistant Physicians and Sixth-

Year Medical Students at a Faculty of Medicine

ABSTRACT

Objective: This study aimed to evaluate the COVID-19 vaccination status of research
assistant physicians and sixth-year medical students at a faculty of medicine, as well as the
factors influencing their vaccination decisions.

Method: The study was conducted as a descriptive and cross-sectional investigation between
May 2021 and June 2021 among research assistant physicians and sixth-year medical students
at a faculty of medicine. Data were collected using a 47-item questionnaire administered
either face-to-face or online. The questionnaire included items on participants’
sociodemographic characteristics, COVID-19 history, and vaccination history regarding
COVID-19 and other vaccines. Data were analyzed using SPSS version 21, with statistical
significance set at p<0.05.

Results: A total of 501 participants were included in the study, comprising 352 research
assistant physicians and 149 sixth-year medical students. Among the participants, 88.2%
(n=442) had received two doses of the COVID-19 vaccine. The most frequently cited reason
for vaccination, reported by 54.4% of vaccinated participants, was “acquiring immunity
against the disease.” In contrast, the most common reason for vaccine hesitancy, reported by
42.6% of unvaccinated participants, was “lack of sufficient data concerning the efficacy and
safety of vaccines.” COVID-19 vaccine acceptance was significantly higher among men
compared to women (p=0.023), single individuals compared to married individuals (p=0.006),
and those who feared transmitting COVID-19 to their family members compared to those
without such concerns (p=0.007).

Conclusions: The majority of participants in this study received the COVID-19 vaccine. The
high level of vaccine acceptance among healthcare professionals, who serve as important role
models for society, is crucial in combating the COVID-19 pandemic. It is recommended that
vaccination campaigns consider the factors influencing vaccine acceptance and hesitancy to
enhance their effectiveness.
Keywords: COVID-19, Vaccine,
Healthcare Workers.

Research Assistant Physicians, Medical Students,

Bir Tip Fakiiltesindeki Arastirma Gorevlisi Doktorlarin ve
Donem VI Tip Fakiiltesi Ogrencilerinin COVID-19 Agisi

Olma Durumlar ve Etkileyen Faktorlerin Degerlendirilmesi
OZET

Amag: Bu ¢aligmada arastirma gorevlisi doktorlarin ve déonem VI tip fakiiltesi 6grencilerinin
COVID-19 asis1 olma durumlar1 ve bunu etkileyen faktorlerin degerlendirilmesi amaglandi.
Yontem: Bu ¢alisma Mayis 2021 - Haziran 2021 tarihlerinde bir tip fakiiltesindeki aragtirma
gorevlisi doktorlar ve donem VI tip fakiiltesi 6grencilerinde gergeklestirilen tanimlayict ve
kesitsel tipte bir aragtirmadir. Arastirma verileri katilimcilarin sosyo-demografik 6zellikleri,
COVID-19 anamnez bilgileri, COVID-19 agsis1 ve diger asilarla ilgili anamnez bilgilerine
yonelik sorulardan olugan 47 soruluk yiiz yiize veya g¢evrim i¢i doldurulan anket formu
aracihigiyla toplandi. Veriler SPSS versiyon 21 kullamlarak analiz edildi. Istatistiksel
anlamlilik p<0,05 diizeyinde degerlendirildi.

Bulgular: Bu ¢alismaya katilan 501 katilimcinin 352°si aragtirma gorevlisi doktor ve 149’u
dénem VI tip fakiiltesi 6grencisi idi. Cift doz COVID-19 asis1 yaptiranlar katilimeilarin
%88,2’sini (n=442) olusturmaktadir. Katilimcilardan COVID-19 asis1 yaptiranlarin belirttigi
en sik as1 yaptirma nedeni %54,4 oran ile "hastaliga kars1 bagisiklik kazanmak" iken COVID-
19 asis1 yaptirmayanlarin en sik asi yaptirmama nedeni %42,6 oran ile ‘asinin giivenligi ve
etkinligi acisindan verilerin yeterli olmamasi’ idi. Erkeklerde kadinlara gore (p=0,023),
bekarlarda evlilere gore (p=0,006), COVID-19’u ailesine bulastirmaktan korkanlarda
korkmayanlara gore (p=0,007) COVID-19 as1 kabulii anlamli derecede yiiksek bulundu.
Sonug¢: Bu ¢alismada katilimcilarin 6nemli bir gogunlugu COVID-19 agisint yaptirdi. Toplum
icin iyi bir rol model olan saglik calisanlarinin a1 kabuliiniin yiiksek olmasi COVID-19
pandemisi ile miicadelede 6nem arz etmektedir. As1 kampanyalar olusturulurken as1 reddi ve
kabuliine etki eden bu faktorlerin géz Onlinde bulundurulmasmin faydali olacagi
diistintilmelidir.

Anahtar Kelimeler: COVID-19, As1, Arastirma Gorevlisi Doktorlar, Tip Ogrencileri, Saglik
Calisanlari.
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INTRODUCTION

Several pneumonia cases of unknown cause
were reported in Wuhan in December 2019 (1). In
January 2020, a new type of coronavirus, called
2019 novel coronavirus (2019-nCoV), was
identified in throat swab samples taken from
patients (2). Later, this virus was named severe
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) due to its similarity to SARS-CoV, and the
disease caused by the virus was termed COVID-19.

While COVID-19 is asymptomatic or
manifests with mild symptoms in some patients, it
may cause clinical conditions progressing to severe
respiratory failure and even multiple organ failure
in other cases (3). Since there is no specific method
proven in terms of efficacy and safety in the
treatment of COVID-19, the treatment approach is
more focused on symptoms (3,4). Therefore, the
most crucial method for fighting against the disease
is immunization through vaccination (5).

Vaccines that received emergency use
approval began to be administered in late 2020. As
of December 31, 2023, approximately 13,6 billion
doses of vaccine had been administered across the
world (5,6). Four vaccines received approval for
emergency use in Turkey: the Pfizer/BioNTech
(BNT162b2) mRNA vaccine, the Sinovac
(CoronaVac) inactive vaccine, the Gamaleya
(Sputnik V) non-replicative viral vector vaccine,
and the Turcovac (Erucov-Vac) inactive vaccine
(5,7). In Turkey, approval for emergency use was
first granted for the Sinovac (CoronaVac) vaccine
by the Turkish Medicines and Medical Devices
Agency on January 13, 2021 (8). The strategy for
implementing COVID-19  vaccination  was
announced by the Republic of Turkey Ministry of
Health, and the priority groups to be vaccinated
were determined by evaluating the risks of exposure
to the disease, severe disease, and transmission, as
well as the negative impact of the disease on the
functioning of social life. Healthcare workers were
considered to have the highest priority in this
evaluation (9).

As of December 10, 2024, the rate of
individuals aged 18 and over in Turkey who
received the first dose of either vaccine is 93.4%,
and the rate of those who received the second dose
of either vaccine was 85.7%. The total number of
vaccines administered to date is 152 million 737
thousand 320, of which 57 million 962 thousand
188 belong to the first dose, 53 million 195
thousand 230 to the second dose, and 28 million
237 thousand 406 to the third dose (10).

The high vaccine acceptance among
healthcare professionals, who serve as critical role
models for society, is of significant importance in
the fight against the COVID-19 pandemic (11, 12).
This study aimed to evaluate the COVID-19
vaccination status of research assistant physicians
and sixth-year medical students at a faculty of

medicine, as well as the factors influencing their
vaccination decisions.

MATERIAL AND METHODS

Sample and Data Collection: The study
population consisted of 210 sixth-year medical
students enrolled at Selguk University Faculty of
Medicine during the 2020—2021 academic year and
420 research assistant physicians working at Selguk
University Faculty of Medicine Hospital. The study
aimed to include the entire population, excluding
those who declined participation. Among the sixth-
year medical students, all were approached
(210/210), but 61 declined participation, resulting
in a response rate of 70.95% (149/210). Similarly,
all research assistant physicians were approached
(420/420), with 68 declining participation, yielding
a response rate of 83.8% (352/420). Considering
the combined data from both groups, a total of 610
individuals were reached, and 501 were included in
the sample, resulting in a final participation rate of
79.52%. The data for the study was collected from
May 6, 2021, through June 30, 2021, using a 47-
question survey completed face-to-face or online.
The survey form consisted of questions regarding
the participants’ sociodemographic characteristics
and anamnesis information about COVID-19
disease, COVID-19 wvaccination, and other
vaccinations.

Data Collection Forms

Sociodemographic Data Form: This form
was prepared by the researchers and included
questions to obtain information about the
participants’ age, gender, marital status, history of
receiving other vaccines, and other
sociodemographic characteristics related to the
COVID-19 pandemic.

COVID-19 Vaccine Data Form: Using this
form, the participants were asked whether they
were concerned about the side effects of COVID-19
vaccines, whether they had been vaccinated against
COVID-19, and whether they would recommend
COVID-19 vaccination to their families, friends,
and patients. Individuals who reported having
received the COVID-19 vaccination were presented
with an open-ended question to determine their
reasons for vaccination. The responses of the
participants to this question were grouped into the
following categories: “acquiring immunity against
the disease”, “protecting family and close circle
against the disease”, “contributing to social
immunity”, “reducing the risk of severe disease”,
“reducing transmission”, and “possibility of
restrictions being imposed on unvaccinated
individuals”. Individuals who reported not having
received the COVID-19 vaccination were asked
whether they would be willing to be vaccinated in
the future. These participants were also presented
with an open-ended question to determine their
reasons for not being vaccinated, and their
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responses were classified into the following groups:
“not enough time having elapsed since contracting
the disease to receive vaccination”, ‘“lack of
sufficient data concerning the efficacy and safety of
vaccines”, “concerns about the short- and long-term
side effects of vaccines”, and “lack of studies on
vaccination during pregnancy and breastfeeding”.

This study was approved by the ethics
committee of the Selcuk University Faculty of
Medicine (decision number: 2021/240, date: May 5,
2021). Prior the study, informed consent was
obtained from each participant in compliance with
the Declaration of Helsinki of the World Medical
Association.

Statistical Analysis: All data was evaluated
using IBM SPSS v. 21.0 statistical package
program. Before the analyses, the suitability of the
variables to the normal distribution was examined
using Q-Q plots and the Shapiro-Wilk test.
Descriptive statistics for the data were defined as
mean + standard deviation or median (minimum-—

maximum) for numerical variables, and as
frequencies (n) and percentages (%) for categorical
variables.  Relationships between categorical
variables were investigated with the Pearson chi-
square, Yates continuity corrected chi-square,
Fisher’s exact chi-square, and Fisher-Freeman-
Halton tests. Logistic regression models were
constructed to determine factors affecting COVID-
19 vaccination status. The results were evaluated at
the 95% confidence interval, and the significance
level was taken as p < 0.05.

RESULTS

A total of 501 volunteer research assistant
doctors working at a medical school and term VI
medical faculty students participated in the study.
Of the participants, 53.9% (n = 270) were women,
and 46.1% (n = 231) were men. The mean age of
the participants was 27.5 + 3.09 (23-40) years.
Table 1 presents the participants’ sociodemographic
characteristics and anamnesis information related to
other vaccines.

Table 1. Participants’ sociodemographic characteristics and anamnesis information about other vaccines (n = 501)

Parameters n Median (min-max) %
Age 27 (23-40)
Age group

23-29 years 382 76.2

30-40 years 119 23.8
Gender

Female 270 53.9

Male 231 46.1
Marital status

Married 186 37.1

Single 315 62.9
Title

Term VI medical faculty student 149 29.7
Research assistant doctor 352 70.3
Department employed

Basic sciences 28 5.6

Internal sciences 208 41.5
Surgical sciences 116 23.2
Term VI medical faculty student 149 29.7
Years of profession

<1 year 158 31.5

1-5 years 304 60.7
>5 years 39 7.8
Flu vaccination status for the 2020-2021 season

Unvaccinated 383 76.4
Vaccinated 118 23.6
History of adverse reactions to previous vaccines

Absent 478 95.4

Present 23 4.6
Total 501 100.0

min: minimum, max: maximum

Of the participants, 88.2% of the participants
reported that they had received the COVID-19
vaccination, and 11.8% reported that they had not
received the COVID-19 vaccination. The most
common reason cited by vaccinated participants for

receiving the COVID-19 vaccine was “acquiring
immunity against the disease”, while unvaccinated
participants most frequently reported “lack of
sufficient data concerning the efficacy and safety of
vaccines” as their reason for refusal (Table 2).
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Table 2. Participants’ reasons for accepting or rejecting covid-19 vaccination

n %
Reasons for being vaccinated against COVID-19
(n =494)*
Acquiring immunity against the disease 268 54.4
Protecting family and close circle against the disease 48 9.7
Contributing to social immunity 58 11.7
Reducing the risk of severe disease 85 17.2
Reducing transmission 17 3.4
Possibility of restrictions being imposed on unvaccinated individuals 18 3.6
Reasons for not being vaccinated against COVID-19
(n=68)*
Not enough time having elapsed since contracting the disease to receive vaccination 15 22.2
Lack of sufficient data concerning the efficacy and safety of vaccines 29 42.6
Concerns about the short- and long-term side effects of vaccines 12 17.6
Lack of studies on vaccination during pregnancy and breastfeeding 12 17.6
*More than one response was allowed.
Table 3 presents the evaluation of the unit and anamnesis information related to COVID-
participants”  COVID-19  vaccination  status 19 infection and vaccine.
according to their sociodemographic characteristics Logistic regression analysis was applied to
and anamnesis related to other vaccines. parameters that were found to be statistically
Table 4 presents the evaluation of the significant in influencing participants’ COVID-19
participants”  COVID-19  vaccination  status vaccination status (Table 5).
according to their working status in the pandemic
Table 3. Evaluation of participants’ covid-19 vaccination status according to their sociodemographic
characteristics and anamnesis related to other vaccines
COVID-19 vaccination status
Vaccinated Unvaccinated Total Xx? p
n % n % n %
Gender
Female 230 85.2 40 14.8 270 100.0
Male 212 91.8 19 8.2 231 100.0 5,203! 0.023
Age group
23-29 years 338 88.5 44 115 382 100.0
30-40 years 104 87.4 15 12.6 119 100.0 0.025? 0.874
Marital status
Married 154 82.8 32 17.2 186 100.0
Single 288 91.4 27 8.6 315 100.0 7.5782 0.006
Title
Term VI student 132 88.6 17 11.4 149 100.0
Research assistant 310 88.1 42 11.9 352 100.0 <0.001? 0.989
Department employed
Basic sciences 25 89.3 3 10.7 28 100.0
Internal sciences 181 87.0 27 13.0 208 100.0
Surgical sciences 104 89.7 12 10.3 116 100.0
Term VI student 132 88.6 17 114 149 100.0 0.569! 0.904
Years of profession
<1 year 139 88.0 19 12.0 158 100.0
1-5 years 270 88.8 34 11.2 304 100.0
>5 years 33 84.6 6 15.4 39 100.0 0.601! 0.741
Flu vaccination status for the 2020-2021 season
Unvaccinated 328 85.6 55 144 383 100.0
Vaccinated 114 96.6 4 3.4 118 100.0 9.420* 0.002
History of adverse reactions to previous vaccines
Absent 425 88.9 53 11.1 478 100.0
Present 17 73.9 6 26.1 23 100.0 0.001° 0.042
Total 442 88.2 59 11.8 501 100.0

pearson chi-square test, 2Yates chi-square test, *Fisher chi-square test
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Table 4. Evaluation of participants’ COVID-19 vaccination status according to their employment in the
pandemic unit and anamnesis information regarding COVID-19 infection and vaccine

COVID-19 vaccination status

Vaccinated Unvaccinated Total X? p
n % n % n %

Active employment in the pandemic unit

No 174 88.3 23 11.7 197 100.0

Yes 268 88.2 36 11.8 304 100.0 0.0012 1.000
Use of personal protective equipment

Partial 124 89.2 15 10.8 139 100.0

Full 318 87.8 44 12.2 362 100.0 0.0722 0.788
Fear of contracting COVID-19

Absent 172 86.9 26 13.1 198 100.0

Present 270 89.1 33 10.9 303 100.0 0.3832 0.536
Fear of transmitting COVID-19 infection to family

Absent 14 66.7 7 333 21 100.0

Present 428 89.2 52 10.8 480 100.0 0.0018 0.007
History of COVID-19 infection (n = 501)

Absent 311 91.2 30 8.8 341 100.0

Present 131 81.9 29 18.1 160 100.0 8.2432 0.004
Concerns about COVID-19 vaccine side effects

Absent 280 94.3 17 5.7 297 100.0

Present 162 79.4 42 20.6 204 100.0 0.0013 <0.001
Recommending COVID-19 vaccination to family and friends

Yes 426 91.2 41 8.8 467 100.0

Not sure 16 47.1 18 52.9 34 100.0 0.0013 <0.001
Recommending COVID-19 to patients

Yes 429 90.1 47 9.9 476 100.0

Not sure 13 52.0 12 48.0 25 100.0 0.0013 <0.001

pearson chi-square test, 2Yates chi-square test, *Fisher’s chi-square test, “Fisher-Freeman-Halton test.

Table 5. Logistic regression analysis of factors affecting covid-19 vaccination status

Variable QOdds ratio (95% CI) p
Gender

Female 1.000

Male 1.941 (1.090-3.456) 0.024
Marital status

Married 1.000

Single 2.216 (1.281-3.835) 0.004
History of adverse reactions to previous vaccines

Present 1.000

Absent 2.830 (1.069-7.492) 0.036
Flu vaccination status

Unvaccinated 1.000

Vaccinated 4.779 (1.694-13.482) 0.003
Fear of transmitting COVID-19 infection to family

Absent 1.000

Present 4.115 (1.589-10.661) 0.004
History of COVID-19 infection

Present 1.000

Absent 2.295 (1.324-3.977) 0.003
Recommending COVID-19 vaccination to family and friends

Not sure 1.000

Yes 11.689 (5.545-24.642) <0.001
Recommending COVID-19 vaccination to patients

Not sure 1.000

Yes 8.426 (3.636-19.525) <0.001

Cl: confidence interval
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DISCUSSION

In this study, the majority of participants
were found to have received the COVID-19
vaccine. Korkmaz et al., in their study conducted
with 768 healthcare workers in Turkey in February
2021, reported a vaccination rate of 80.6% among
healthcare workers (13). Similarly, Yilmaz et al.
determined that the COVID-19 vaccination rate was
85.0% among 4,201 healthcare workers in Istanbul
in April 2021 (14). In another study undertaken
with 793 healthcare workers in Nigeria in May
2021, Abubakar et al. reported a vaccination rate of
90% (15). In their April 2021 study from China, Xu
et al. found that 86.2% of 1,051 healthcare workers
had been vaccinated (16). Schrading et al., who
conducted a study with 1,398 healthcare workers in
the USA in January 2021, showed that 86.0% of
healthcare workers were vaccinated against
COVID-19 (17). George et al., evaluating 7,763
healthcare workers in South Africa in 2022,
similarly reported that 89% were vaccinated (18).
The high vaccination rate observed in the current
study, consistent with the literature, can be
attributed to healthcare workers’ awareness of the
importance of vaccination in combating the
pandemic.

In a study conducted by Shaw et al. with
4,537 healthcare workers in the USA in March
2021, it was observed that the frequency of
vaccination was significantly higher among men
than among women (19). Stépanek et al., evaluating
3,550 healthcare workers in the Czech Republic in
2021, also reported a significantly higher frequency
of vaccination among men compared to women
(20). In their study with 2,761 healthcare workers in
Canada in December 2020, Dzieciolowska et al.
found that men were significantly more likely to be
vaccinated than women (21). The higher acceptance
of vaccination among men in the current study,
consistent with the literature, may be due to
women’s higher levels of concern regarding
vaccine safety and side effects.

Pacella-LaBarbara et al., in their study
conducted with 475 healthcare workers in the USA
in February 2021, found no significant relationship
between marital status and vaccination frequency
(22). In contrast, in a study conducted with 1,574
healthcare workers in Turkey in December 2020,
Kaplan et al. observed that married healthcare
workers had a higher vaccine acceptance rate than
single healthcare workers (23). The higher
vaccination rate among single participants in the
current study can be attributed to fewer concerns
about pregnancy and breastfeeding.

Kozak et al. carried out research with 3,401
healthcare workers in Germany in April 2021 and
determined that the acceptance of the COVID-19
vaccine was significantly higher among healthcare
workers who received the flu vaccine compared to
those who did not receive the flu vaccine (24). In
another study, Stépanek et al. reported that the

frequency of COVID-19 vaccination was
significantly higher among healthcare workers who
had received the flu vaccine at any time in the past
and during the 2020-2021 flu season, compared to
those without a history of flu vaccination (20). In a
study conducted with 529 healthcare workers in
Lebanon in February 2021, Nasr et al. observed that
those who had received the influenza vaccine
during the 2020-2021 season were significantly
more likely to receive the COVID-19 vaccine than
those who had not (25). The positive correlation
between influenza vaccination and COVID-19
vaccination observed in the current study,
consistent with the literature, may reflect healthcare
workers” awareness of the importance of
vaccination in combating infectious diseases.

In a study conducted by Holzmann-Littig et
al. with 4,500 healthcare workers in Germany in
February 2021, it was observed that the frequency
of COVID-19 vaccination was statistically
significantly lower among those who had
previously experienced any post-vaccine side
effects compared to those without this history (26).
In the current study, participants with a history of
adverse reactions to vaccines were less likely to be
vaccinated against COVID-19, possibly due to
concerns about experiencing similar side effects.

In a study undertaken by Pacella-LaBarbara
et al., the vaccine acceptance of healthcare workers
with a history of COVID-19 infection was reported
to be significantly lower than that of healthcare
workers who had never had this infection (22).
Similarly, in an international study carried out by
Qunaibi et al. with 5,708 healthcare workers in
January 2021, the vaccine acceptance of healthcare
workers with a history of COVID-19 infection was
observed to be significantly lower than that of
healthcare workers without a history of COVID-19
infection (27). In the current study, the lower
vaccination rate among participants who had
previously contracted COVID-19 may be explained
by their belief that they had acquired immunity or
the necessity of waiting a certain period after
infection before vaccination. It is expected that
unvaccinated participants with a history of COVID-
19 infection may choose to be vaccinated at a later
stage.

In a study by Nasr et al., the main reasons
healthcare workers cited for receiving the COVID-
19 vaccine were “protecting family members
against infection”, “protecting themselves from
infection”, and “contributing to herd immunity and
ending the pandemic”  (25).  Similarly,
Sirikalyanpaiboon et al., in their study with 705
physicians in Thailand in April 2021, reported that
healthcare workers were motivated to vaccinate to
“reduce the risk of severe illness” and “acquire
immunity against the disease” (28). Nzaji et al.
found that healthcare workers were motivated by
the desire to “protect themselves from infection”
and “protect their friends, family, and loved ones”
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(29). In a study undertaken by Kozak et al., the
reasons for healthcare workers to receive COVID-
19 vaccination were related to the protection of
their patients, family members, and themselves
from infection, reducing transmission, and easing of
restrictions (24). In the current study, the primary
motivations for wvaccination among participants
were acquiring immunity against the disease,
reducing the risk of severe illness, contributing to
herd immunity, protecting family and community,
potential restrictions for the unvaccinated, and
reducing transmissibility. These findings highlight
the global consistency of motivations for
vaccination.

Nzaji et al. also observed that the primary
reasons for vaccine hesitancy among healthcare
workers were concerns about safety, side effects,
and efficacy (29). In a study conducted by
Sirikalyanpaiboon et al. reported that healthcare
workers declined COVID-19 vaccination due to
concerns about its short- and long-term side effects,
efficacy, and safety, as well as insufficient data on
vaccination during pregnancy (28). Kozak et al.
observed that healthcare workers did not receive the
COVID-19 vaccination due to their concerns about
the short- and long-term side effects of vaccines, as
well as those about the efficacy and safety of
vaccines (24). In the current study, the reasons cited
by unvaccinated participants for refusing the
vaccine included a lack of sufficient data on the
efficacy and safety of vaccines, insufficient time
elapsed since recovery from COVID-19, concerns
about the short- and long-term side effects of
vaccines, and a lack of studies on vaccination
during pregnancy and breastfeeding. The
consistency of these findings with those reported in
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Serum Procalcitonin Values Relate to Disease Activity in

Patients with Inflammatory Bowel Diseases

ABSTRACT

Objective: In inflammatory bowel disease (IBD) patients, the correlation between
disease activity and serum procalcitonin (SPCT) values remains elusive. By using a
number of clinical and laboratory phenotypes of disease activity in conjunction with
the degree of mucosal inflammation in patients with ulcerative colitis (UC), we
sought to determine whether the blood SPCT levels of IBD patients could be useful
as a biomarker.

Method: This retrospective case-control study was conducted with 132 UC patients,
83 Crohn’s disease (CD) patients, and 72 healthy controls (HCs). In UC, endoscopic
and clinical activity were identified using the Mayo Clinical Scoring System (MCS),
and the histological activity index (HAI) was calculated using the Truelove and
Richards technique. The Crohn's disease activity index (CDAI) of CD patients was
calculated. The Montreal classification was preferred for determining disease
localization in IBD patients.

Results: The median SPCT levels were higher in the UC and CD patients compared
to the HC (0.07 vs 0.26 vs 0.03 ng/ml, respectively, p<0.001). The MCS of UC and
the CDAI of CD patients having active disease showed higher median SPCT levels
than the patients in remission (p<0.001, p=0.033, respectively). The CD patients
with a fistula and/or an abscess had higher SPCT concentrations than CD patients
without a fistula and/or abscess (p<0.001). In the UC group, SPCT levels were
positively correlated to the MCS and HAI values (p<0.001 for both values).
Conclusions: For the disease activity of IBDs, SPCT values may be a cost-effective
and practical biomarker.

Keywords: Disease Activity, Inflammatory Bowel Disease, Procalcitonin.

Inflamatuvar Bagirsak Hastalarinda Serum Prokalsitonin

Degerleri Hastahik Aktivitesi ile Iiskilidir

OZET

Amac: Inflamatuar barsak hastaliklar1 (IBH) olan vakalarda hastalik aktivitesi ile
serum prokalsitonin (SPCT) degerleri arasindaki korelasyonlar ile ilgili veriler
celiskili olup tam olarak belirlenememistir. Calismamizda iilseratif kolitli (UK)
hastalarda mukozal inflamasyonun derecesine ilave olarak, IBH hastalik
aktivitesinin degisik klinik ve laboratuvar fenotipleri ile SPCT diizeyleri
degerlendirilmis ve SPCT’nin yararli bir biyobelirte¢ olup olamayacag:
arastirilmistir.

Yontem: Bu retrospektif vaka-kontrol calismasma 132 UK hastasi, 83 Crohn
hastaligi (CH) vakas1 ve 72 saglikli kontrol (SK) dahil edilmistir. UK klinik
aktivitesi icin Mayo klinik skorlama sistemi (MKS), histolojik aktivite indeksi (HAT)
icin Truelove ve Richards yontemleri kullanildi. CH*da klinik aktivite i¢in Crohn
hastalig1 aktivite indeksi (CHAI) kullanildi. IBHmin endoskopik lokalizasyonu
Montreal siniflandirmasina gore yapilmustir.

Bulgular: Median SPCT diizeyleri UK ve CH hastalarinda SK’'e gore daha yiiksekti
(0.07 vs 0.26 vs 0.03 ng/ml, sirasiyla, p<0.001). UK’de MKS ve CH’da CHAI’e
gore aktif hastaligi olanlarda remisyonda olanlara gére median SPCT degerleri daha
yiiksekti (p<<0.001, p=0.033, sirasiyla). Fistiilii ve/veya apsesi olan CH vakalarinda
olmayanlara gére daha yiiksek median SPCT seviyeleri tespit edildi (p<0,001). UK
hastalarinda SPCT diizeyleri ile MKS ve HAI degerleri arasinda pozitif korelasyon
saptandi (p<<0.001 her ikisi i¢in).

Sonug: Hastalik aktivitesinin belirlenmesinde IBH’da SPCT degerleri uygun
maliyetli ve pratik bir biyobelirteg olarak kullanilabilir.

Anahtar Kelimeler: Hastalik Aktivitesi, Inflamatuar Bagirsak Hastaligi, Prokalsitonin
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INTRODUCTION

Inflammatory bowel disorders (IBDs) have
been becoming more widespread worldwide. Two
main subtypes of IBDs, ulcerative colitis (UC) and
Crohn’s disease (CD) have relapsing and remitting
courses. Assessment of the disease activity plays a
pivotal role, especially for the choice of treatment
modality in the follow-up sessions of IBD patients
(1-3). Until now, several clinical and endoscopic
modalities were developed for the assessment of the
disease severity and biomarkers that correlate to the
clinical, endoscopic, and laboratory features of
IBDs are gaining interest (4-8). The resolution of
mural inflammation is the ideal therapeutic goal in
IBDs and a useful biomarker should display the
inflammatory activity in the gut wall (9,10).

The thyroid gland's parafollicular C-cells
secrete procalcitonin (PCT), a 116 amino acid
precursor of calcitonin that plays a role in calcium
control. Normally, serum procalcitonin (SPCT) is
detected in low ranges or is undetectable (11).
Gram-negative bacteremia has a strong potential to
stimulate the secretion of pro-inflammatory
cytokines and tumor necrosis factor-alpha (TNF-a),
which further induces calcitonin-related
polypeptide gene 1 expression. Thus, extra-
thyroidal synthesis of PCT occurs in severe
bacterial infections, including sepsis, in which
supranormal circulating SPCT can be encountered
(12,13).

In previous reports, as an easily obtained and
economic biomarker, SPCT has gained interest for
clinical use in IBDs (14-18). However, studies
about SPCT have revealed conflicting results
(12,19-22). As a practical marker, the diagnostic
and prognostic utility of SPCT in IBDs needs to be
further elucidated. In this regard, we aimed to
evaluate whether SPCT can be linked to the various
clinical and laboratory traits of IBDs along with the
severity of mucosal inflammation in patients with
ucC.

MATERIAL AND METHODS

Data Collection: This research was a single-
center retrospective, cross-sectional study. Patients
with  IBDs who were admitted to the
gastroenterology department at the institute and
who underwent a colonoscopy procedure between
October January 2012 and July 2023 were
retrospectively evaluated. In this group, both newly
and previously diagnosed patients were included. A
second cohort of healthy subjects served as the
control group. The local ethics committee approved
the study (2023/203).

Subjects with clinical conditions that can
alter their SPCT values, such as infections whether
acute or chronic, sepsis, inflammatory and
autoimmune diseases, severe organ failure, any
malignancy, and any physical trauma, as well as
patients who underwent a bowel resection and/or
had a history of surgery within the previous six
months, were excluded from the study. The patients

who underwent colonoscopy for non-IBD
indications and whose colonoscopy results were
normal constituted the healthy control group.

The medical records of all patient and
healthy control files were reviewed and the records
of 215 eligible patients with IBDs and 72 healthy
controls were evaluated. SPCT, C-reactive protein
(CRP), erythrocyte sedimentation (ESR), and total
blood count values were noted from the subject
files prior to undergoing colonoscopy.

Evaluation of Patients’ Clinical and
Endoscopic Activities: For the clinical activity of
patients with UC, the scores ranged from 0 to 12
using the Mayo Clinical Score (MCS). A score of
<2 was categorized as clinical remission, while a
score of >2 referred to an activation (5). Proctitis,
left-sided colitis, and widespread or pancolitis were
the three categories used to classify the illness
severity of UC patients. While pancolitis and
extensive colitis were identified as extensive
diseases, proctitis and left-sided colitis were
identified to be limited disorders. The endoscopic
activity of ulcerative colitis was classified using the
Mayo Endoscopic Sub-scoring (MES) index; values
ranging from 0 to 3 denote remission and mild,
moderate, and severe colitis, respectively (5). A
score of 0 and 1 was recorded as an endoscopic
inactive disease, while a score of 2 and 3 was
recorded as an endoscopic active disease.

For the clinical activity of CD patients, the
Crohn's disease activity index (CDAI) was
identified, and a score below 150 was defined as
clinical remission while a score of >150 referred to
activation (6). lleal, colonic, and ileocolonic
diseases were identified as locations of CD.

An Analysis of Ulcerative Colitis using
Histopathology: A skilled pathologist who was
blinded examined the formalin-fixed, paraffin-
embedded, and H&E-stained colonic biopsies and
graded them using a scale created by Truelove and
Richards (23). The scale consisted of three
components: active inflammation (0-3), chronic
inflammation (0-2), and crypt distortion (0-3). The
histologic activity index (HAI) was calculated by
summing the scores of these components. The
histological remission was defined as scores less
than 5, whereas activation was defined as values
more than 5 (16).

Statistical Analysis: The statistical analysis
was performed in SPSS 23.0 (SPSS Inc., Chicago,
IL). The normality tests were conducted using the
Kolmogorov Smirnov tests and when both tests
resulted in p values of > 0.05, the distribution was
assumed to be normal. Median (interquartile range)
was used for the data with non-normal distribution
and frequencies with percentages were presented
for the categorical data. The Mann-Whitney U and
Kruskal-Wallis tests were used to compare non-
parametric continuous variables. Additionally,
equity with categorical variables was tested using
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the chi-square test. Diagnostic accuracy was studied
by the receiver operating characteristics (ROC)
curved analysis. A p-value of <0.05 was accepted

as statistically significant.
RESULTS

Totally, age and sex matched for the 132 UC
patients (86 males and 46 females), for the 83 CD
patients (54 males and 29 females), and for the 72
healthy controls (HCs) (47 males and 25 females)

that were included in the study. Table 1 shows the
demographic, clinical, and laboratory
characteristics of the subjects. The disease duration
was similar between the patient groups. The ESR,
CRP, and platelet values of IBD patients were
higher compared to those of the HCs (p<0.001). In
comparison to the HCs, the leucocyte and
neutrophil counts were higher in the CD patients
(p=0.003 and p<0.001, respectively).

Table 1. The sample’s demographic, clinical, and laboratory characteristics.

UC Patients CH Patients Control Group
(n=132) (n=83) (n=72) P
Gender, n (%)
Female 46 (34.8) 29 (34.9) 25 (34.7) 0.989 2
Male 86 (65.2) 54 (65.1) 47 (65.3) '
Age (years), median (IQR) 35 (25-50) 36 (25-46) 38 (29.25-48.75) 0.706°
Disease duration (years), median (IQR) 2.25 (0.50-6) 3 (0.50-5) 0.785 ¢
. 16.90 15.91 2.36 bl
CRP (mg/L), median (IQR) (3.64-76.65)  (4.58-42.65) (0.94-4.09) <0.001
ESR (mm/h), median (IQR) a j-%ggs) 30 (14-50) 9.50 (3-17) <0.001 b1
. 7.71 8.59 7.27
Leukocytes (x10%/uL), median (IQR) (6.46-9.53) (6.93-10.80) (6.07-8.85) 0.012 b2*
Neutrophils (x10%/uL), median (IQR) (3]%?; 45) ( 455795 36) (3.6%555? 63) <0.001 b3*
. 319.50 313 244.50
Platelets (x10%/uL), median (IQR) (262.50-403) (274-409) (211-270.75) <0.001 bt *
- 0.07 0.26 0.03 b1 %
Procalcitonin (ng/mi) (0.03-1.05) (0.04-1.04) (0.03-0.05) <0.001
UC Localization, n (%)
Limited disease 82 (62.1)
Extensive disease 50 (37.9)
CH Localization, n (%)
lleal 49 (59)
Colonic 12 (14.5)
lleocolonic 22 (26.5)
Mayo Endoscopic Score of UC, n (%)
Inactive disease 2 (1.5)
Mild disease 51 (38.6)
Moderate disease 47 (35.6)
Severe disease 32 (24.2)
IBDs in first degree relatives, n (%) 18 (13.6) 15 (18.1) 0.380 2
Mayo Clinical Score of UC, median
’ 6 (3-9
(IQR) 39
Remission (score < 2), n (%) 28 (21.2)
Activation (score>2), n (%) 104 (78.8)
Crohn’s Disease Activity Index, median 182
(IQR) (108-272)
Remission (score < 150), n (%) 35 (42.2)
Activation (score >150), n (%) 48 (57.8)
Histological Activity Index in UC, 6 (5-7)
median (IQR)
Fistula and/or abscess 18 (21.7)
Extra-intestinal manifestations n (%) 13 (9.8) 26 (31.3) <0.001 &*

Abbreviations: CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; IQR: Interquartile range; UC: Ulcerative colitis; CD: Crohn’s

disease; IBDs: Inflammatory bowel diseases.

Footnotes: 1: Significant difference in the comparison of UC vs controls, CD vs controls (p<0.001, p<0.001); 2: Significant difference in the
comparison of CD vs HCs (p=0.003); 3: Significant difference in the comparison of CD vs HCs (p<0.001). a: Chi-Square Test, b: Kruskal-

Wallis Test, ¢: Mann-Whitney U Test. *: Statistically significant (p<0.05).
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Most of the UC patients had limited disease
detected in the colonoscopy procedure, whereas
terminal ileum was the most common location in
the CD patients. With respect to the clinical activity
scores, most of the patients with IBDs had an active
disease. The ratio of the patients who were under
treatment and the patients with IBDs in first degree
relatives were similar between the UC and CD
groups. Extra-intestinal manifestations were more
prevalent in the CD patients than in the UC patients
(p<0.001) (Table 1).

The median SPCT levels of the UC and CD
patients were higher than those of the HCs (0.07
[0.03-1.05] vs. 0.26 [0.04-1.04] vs 0.03 [ 0.03-0.05]

ng/ml, respectively, p<0.001). CD patients had the
highest median SPCT values (Table 1). Regarding
the treatment status and presence of IBDs in first-
degree relatives, the median SPCT values were not
statistically significantly different in both the UC
and CD groups (Table 2). According to the MCS
values of the UC patients and the CDAI values of
the CD patients, the patients with active disease had
higher median SPCT levels than the patients in
remission (p<0.001 and p=0.033, respectively). In
the CD group, the patients with a fistula and/or
abscess had higher SPCT levels than the patients
without a fistula and/or abscess (p<0.001) (Table
2).

Table 2. Serum procalcitonin values according to the disease phenotypes in the patients with IBDs.

Procalcitonin

Ulcerative Colitis % Median IQR p
Mayo clinical Remission (score < 2) 28 21.2 0.03 0.02-0.04 <0001 &
scoring Activation (score >2) 104 78.8 0.89 0.04-1.07 '
Localization of Limited disease 82 62.1 0.04 0.02-0.06 <0.001 &+
ucC Extensive disease 50 37.9 1.07 1.03-1.76 '
IBDs in first Positive 18 13.6 0.50 0.03-2.05 03832
degree relatives Negative 114 86.4 0.07 0.03-1.04 '
Extra-intestinal Positive 13 9.8 0.04 0.03-1.05 0.789
manifestations Negative 119 91.2 0.07 0.03-1.05 '
Crohn’s disease
No Treatment 34 41 0.22 0.05-1.03 a
Treatment status Under Treatment 49 59 0.82 0.03-1.07 0.550
Remission (score< 150) 35 42.2 0.06 0.03-1.02 ax
CDAI Score Activation (score>150) 48 57.8 084 009-1.06 0%
Localization of lleal 49 59 0.08 0.03-1.02
CH Colonic 12 14.5 1.05 0.38-1.82  0.010 br2*
lleocolonic 22 26.5 0.94 0.18-1.04
IBDs in first Positive 15 18.1 0.93 0.14-1.07 0.187 ¢
degree relatives Negative 68 81.9 0.25 0.03-1.04 )
Extra-intestinal Positive 26 313 1.02 0.45-1.42 0.001 &%
manifestations Negative 57 68.7 0.14 0.03-1.02 '
Fistula and/or Positive 18 21.7 1.07 0.91-2.02 <0.001 &+
abscess Negative 65 78.3 0.14 0.03-1.02 '

Abbreviations: CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; IQR: Interquartile range; UC: Ulcerative colitis; CD: Crohn’s
disease; CDAI: Crohn’s Disease Activity Index
Footnotes: 1: Significant difference between ileal localization and colonic localization in patients with CD (p=0.014); 2: Significant
difference between ileal localization and ileocolonic localization in patients with CD (p=0.026).

a: Mann-Whitney U Test, b: Kruskal-Wallis Test. *: Statistically significant (p<0.05).

No statistically significant correlation was
determined between the disease duration and the
SPCT levels in patients with IBDs. In the UC
group, the SPCT levels were positively correlated
to the MCS, HAI, CRP, ESR, leukocytes,

neutrophil, and platelet values (p<0.001 for all). In
the patients with CD, there were positive
correlations between the SPCT values and the CRP,
ESR, and platelet counts (p<0.001, p=0.004,
p=0.039, respectively) (Table 3).
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Table 3. Correlation analysis of the serum procalcitonin values with clinical and laboratory parameters in the

patients with IBDs

Procalcitonin

Ulcerative Colitis rho p
Disease duration -0.058 0.506
Mayo Clinical Score 0.624 <0.001 *
Histological Activity Index 0.757 <0.001 *
C-Reactive Protein 0.861 <0.001 *
Erythrocyte sedimentation rate 0.524 <0.001 *
Leukocytes 0.313 <0.001 *
Neutrophils 0.323 <0.001 *
Platelets 0.442 <0.001 *
Crohn’s disease r p
Disease duration 0.141 0.204
Crohn’s Disease Activity Index 0.194 0.078
C-Reactive Protein 0.676 <0.001 *
Erythrocyte sedimentation rate 0.313 0.004 *
Leukocytes 0.016 0.883
Neutrophils 0.009 0.935
Platelets 0.227 0.039 *

Footnotes: 1: Significant difference in the comparison of UC vs HCs, CD vs HCs (p<0.001, p<0.001); 2: Significant difference in the
comparison of CD vs HCs (p=0.003); 3: Significant difference in the comparison of CD vs HCs (p<0.001).

rho: Sperman Correlation Coefficient. *: Statistically significant (p<0.05)

The area under the curve (AUC) for the
SPCT concentrations showed a diagnostic accuracy
of 0.796 (95% CI: 0.709-0.882, p<0.001) for the
clinical activity of UC (MCS), according to the
receiver operating characteristic curve (ROC)
analysis. For the cut-off value of >0.05 ng/ml,
sensitivity was 67.3% and specificity was 89.3%
(Figure 1).

The AUC for the SPCT concentrations had a
diagnostic accuracy of 0.637 (95% CI: 0.511-0.764,
p=0.033) for the clinical activity of CH (CDAI),
according to the ROC analysis. For the cut-off
value 0f>0.18 ng/ml, the sensitivity and specificity
were 70.8% and 62.9%, respectively (Figure 2).

ROC Curve
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o Standard Error : 0.044
/S 95% Confidence Interval : 0.709 to 0.882
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Figure 1. The predicted serum procalcitonin values for the Mayo Clinical Scoring in ulcerative colitis

were analyzed using ROC curves.
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Figure 2. ROC curve analysis of the serum procalcitonin predicted concentrations for Crohn's disease

é 08
>
=
"
c
L
D o4
02 pe
Area under the ROC curve (AUC) : 0.637
Standard Error
95% Confidence Interval
Significance level p
00 *
00 0.2 04
1 - Specificity
CDA scoring.
DISCUSSION

In daily clinical practice, CRP, as a
traditional marker of inflammation, is widely used
to assess the disease activity of IBDs patients.
However, CRP has some drawbacks for the
monitoring of disease activity (24). Serum CRP
values depend on age, gender, weight, and smoking
status, and sometimes, despite the overt
inflammation, CRP may be normal or slightly
elevated in 15-20% patients because of genetic
polymorphisms and inter-individual variability
(24). In addition, CRP may not exhibit mucosal
healing (MH) in IBDs patients with lower
inflammatory activity (25). SPCT levels have a
tendency of early elevation and they can also
rapidly normalize compared to serum CRP
concentrations in bacterial infections (11). Thus, as
a marker of inflammation, PCT may be more
specific than CRP in infectious conditions (12,16).

Monitoring of fecal calprotectin (FCP) is a
good choice in the follow up sessions of IBDs (8).
However, the threshold values of FCP have not
been accurately determined and it needs to be
validated (8). In addition, FCP is an expensive test
and obtaining the samples may cause discomfort for
FCP. As a limitation, the FCP values of the IBD
patients could not be noted for the comparison of
FCP and SPCT levels.

Herrlinger et al. first evaluated the SPCT
values in adult IBDs patients (26). In that study,
regarding the discriminative efficacy of SPCT
between self-limited infectious enterocolitis and
IBDs, a PCT level greater than 0.4 ng/ml was noted
as diagnostic  for  self-limited infectious

enterocolitis. The SPCT concentrations were within
the normal ranges in all the patients with IBDs.
However, according to Truelove and Witt’s severity
index (TWI) and the CDAI in the patients with UC
and CD respectively, approximately 40% of the
patients presenting with a clinically active disease
tended to have higher SPCT values than the patients
with an inactive disease (26). Additionally, Orug et
al. found that patients with CD had greater SPCT
values than HCs, but there was no significant
difference between the SPCT values of the UC
patients and the SPCT values of the HCs (14).

In a previous report, the SPCT values were
higher among the UC patients (n=18) compared to
the HCs (n=11), and according to the TWI and
Mayo endoscopic sub-scoring, severe UC patients
had higher SPCT values compared to mild and
moderate patients and the HCs, but no significant
difference existed between the SPCT values of mild
and moderate UC patients and the SPCT values of
the HCs (15). Nishio et al. noted that SPCT values
correlated to the CDAI values in patients with CD,
whilst no correlation existed between the MCS and
SPCT values in the UC patients (20). In another
report, no correlation was found between the
disease location, MCS values, partial MCS values,
pelvic involvement, and the SPCT concentrations
(21). In the study of Chung et al., there was no
correlation between the clinical activity parameters
and the SPCT levels (22).

In light of the current literature, SPCT
values have a tendency to increase in IBDs patients
with an active disease with respect to clinical and
laboratory parameters. Although the
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methodological differences in the clinical trials may
partly be responsible for the variable results, the
diagnostic and  prognostic  value is  still
controversial. However, most probably, SPCT can
be a wvaluable marker for the infectious
complications in IBDs (12,17).

SPCT values lower than 0.05 ng/ml are
normal, whereas patients with limited but not
systemic infection could present with SPCT values
of 0.05-0.5 ng/ml (11). In our results, the median
SPCT values of the UC and CD patients were
within the ranges of limited bacterial infection that
can be ascribed to localized intestine bacterial
inflammation, which also have a pathogenic role in
IBDs (1,11,12,28). In our data, the median SPCT
values were the highest in the CD patients, but there
was no significant difference between the SPCT
values of the UC and CD patients. In the CD
patients presenting with fever episodes, elevated
SPCT values were also declared to be a marker that
can discriminate an intra-abdominal abscess from
disease  flares (17). The highest SPCT
concentrations in the CD patients might be due to
the formation of an intra-abdominal abscess or
fistula, which is directly related to bacterial
infections, and 21.7 % of the CD patients in our
cohort had a fistula and/or an abscess.

With respect to SPCT concentrations, we
firstly evaluated extra-intestinal manifestations in
the  patients with  IBDs.  Extra-intestinal
manifestations can relate to the severity of
inflammation in the intestine and the treatment of
IBDs can alleviate these symptoms (1,27). In our
study, the ratio of patients with extra-intestinal
manifestations was higher among the CD patients
compared to the UC group and it can be another
explanation for the elevated SPCT values in the CD
group. Our results revealed higher median SPCT
levels according to the respective MCS and CDAI
scoring in patients with UC and CD. Despite the
different scoring systems, which were settled in
different clinical trials, the SPCT values displayed
the clinically active disease (14-16).

Inflammation in the gut wall relates to
disease recurrence and poorer clinical outcomes,
including malignity in IBDs (10). MH is defined as
both endoscopic and histopathological remission
(25). Current treatment modalities aim for complete
MH; however, they cannot achieve complete MH
(9). We found positive correlations between the
SPCT values and the histological activity scores in
the UC patients along with the other biochemical
tests for inflammation. SPCT might a good marker
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Retrospective Examination of the PECARN Algorithm in

Pediatric Patients with Minor Head Trauma

ABSTRACT

Objective: We aimed to retrospectively evaluate and examine pediatric head
trauma cases according to PECARN in the light of their neurological and clinical
conditions. We wanted to contribute to the detection of TBI with minimum CT
imaging rates in order to avoid radiation-related carcinogenesis.

Method: 108 pediatric patients who were admitted to the emergency department
due to minor head trauma and were admitted to the neurosurgery clinic were
evaluated retrospectively.

Results: During follow-up, 9 patients required intensive care and 5 patients
underwent neurosurgical surgery. The most common trauma etiology was falling
from one's own level with 53.7%. The most common tomography pathology was
non-displaced fracture. According to the evaluations made in accordance with the
PECARN algorithm, CT was recommended in 18 cases (16.7%); CT was not
recommended for 32 cases.

Conclusions: The clinician's goal is to quickly and accurately diagnose clinically
significant TBI while avoiding unnecessary CT imaging to protect against the
adverse effects of radiation. We recommend using the PECARN algorithm for
this purpose.

Keywords: Head Trauma, Carcinogenesis, Tomography.

Minor Kafa Travmah Pediatrik Hastalarda PECARN

Algoritmasimin Retrospektif Olarak Incelenmesi

OZET

Amag: Pediatrik kafa travmasi olgularini nérolojik ve klinik durumlari 1s18inda
PECARN'a gore retrospektif olarak degerlendirmeyi ve incelemeyi amacladik.
Radyasyona bagli karsinogenezi Onlemek icin minimum BT goriintileme
oranlariyla TBI tespitine katkida bulunmak istedik.

Yontem: Mindr kafa travmasi nedeniyle acil servise bagvuran ve beyin cerrahi
klinigine bagvuran 108 ¢ocuk hasta retrospektif olarak degerlendirildi.

Bulgular: Takip sirasinda 9 hastanin yogun bakima ihtiyaci oldu ve 5 hastaya
beyin cerrahisi ameliyati uygulandi. En sik goriilen travma etiyolojisi %53,7 ile
kendi seviyesinden diismeydi. En sik goriilen tomografi patolojisi deplase
olmayan kirikti. PECARN algoritmasina gére yapilan degerlendirmelere gore 18
olguya (%16,7) BT o6nerildi; 32 olguya BT 6nerilmedi.

Sonug¢: Klinisyenin amaci, radyasyonun olumsuz etkilerinden korunmak igin
gereksiz BT goriintiilemeden kagmarak, klinik agidan anlamlit TBI'y1 hizli ve
dogru bir sekilde teshis etmektir. Bu amagla PECARN algoritmasini kullanmanizi
Oneririz.

Anahtar Kelimeler: Kafa Travmasi, Karsinogenez, Tomografi
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INTRODUCTION

Traumatic brain injury (TBI) is the leading
cause of trauma-related morbidity and mortality in
the paediatric age group (1). Falls are the most
common cause of head trauma in all age groups.
Birth trauma is the main etiology of almost all
neonatal head traumas. The mechanism of trauma
in the first 2 years is non-accidental injuries. In
young children and adolescents, the most common
mechanisms of TBI are falls and motor vehicle
crashes (2).

Mild TBI accounts for 70-90% of head
traumas in children. Patients with a Glasgow Coma
Scale (GCS) score of 13-15 after blunt head trauma
are defined as mild TBI (3,4). Mild TBI may also
be used interchangeably with the terms minor head
injury or concussion (4,5).

Although the prevalence of minor head
trauma is very high, it has been documented that 3-
5% have TBI and less than 1% require emergency
neurosurgical procedures (6,7).

In paediatric patients presenting with head
trauma, radiological assessment is performed
according to the severity of the trauma as well as
clinical evaluation. Since the 1970s, computed
tomography (CT) has been a tool that enables rapid
and accurate decision making in the evaluation of
closed head traumas, detection of intracranial
pathologies and determination of treatment options
(8,9). There is consensus on the indication for brain
CT in moderate and severe head trauma in many
paediatric trauma guidelines. However, brain CT
indications in mild head traumas are not clearly
demarcated (10,11). Many studies have
emphasised the need to establish algorithms to
reduce unnecessary CT imaging in paediatric minor
head injury patients (11). By performing CT
imaging in the presence of certain symptoms such
as vomiting, headache, unconsciousness, and
otherwise observing without CT imaging, it is
suggested that unnecessary CT imaging and
potential harm of radiation in paediatric patients
with minor head trauma can be prevented (9,12).
The life expectancy after radiation exposure is
longer in the paediatric age group and they are more
sensitive to radiation than adults. For these reasons,
the primary goal in paediatric minor head trauma is
to predict TBI with minimum CT scan rates to
avoid radiation-related carcinogenesis (13,14).

Algorithms for minor head injuries in
children have been designed after three major
clinical trials. These are CHALICE (Children's
Head Injury Algorithm for the Prediction of
Important Clinical Events), CATCH (Canadian
Assessment of Tomography for Childhood Head
Injury) and PECARN (Paediatric Emergency Care
Applied Research Network) (10,15,16). PECARN
is a prospective cohort study of blunt head trauma
patients under 18 years of age who presented within
the first 24 hours of trauma, and unlike others,
patients under two years of age were analysed

separately (13,15,17). Although sensitivity and
negative predictive values were high in all three
studies, PECARN missed fewer patients (7,18). In
this study, we aimed to retrospectively evaluate
pediatric head trauma cases hospitalised and treated
in our centre according to the PECARN algorithm
in the light of their neurological and clinical status
at the time of admission.

MATERIAL AND METHODS

Study Design: In this study, 108 paediatric
patients admitted to the emergency department of
Afyonkarahisar State Hospital between January
2019 and June 2021 for minor head trauma and
treated in the neurosurgery clinic  were
retrospectively assessed. Ethics committee approval
was obtained from Afyonkarahisar Health Sciences
University Clinical Research Ethics Committee
(date: 15.12.2023 number: 2023/12).

Patient Selection: Patients under the age of
18 who presented to the emergency department of
Afyonkarahisar State Hospital in the first 24 hours
of trauma due to minor head trauma and were
hospitalised and treated by the neurosurgery clinic
were included in the study.

Patients over 18 years of age, with a history
of previous cranial surgery, known haematological
disease, chronic disease/malignancy involving the
central nervous system and patients with gunshot
wounds/penetrating head trauma were not included
in the study.

Data Collection: Patient data were obtained
retrospectively from electronic health records and
patient charts. Demographic (age, gender), trauma
etiology, clinical (neurological status, need for
operation and intensive care, etc.) and radiological
data (pathology type and location) were collected.

Clinical and Radiological Evaluation:
Neurological status, GCS, open wound and scalp
swelling and symptoms were investigated.
Symptoms included severe headache,
unconsciousness and vomiting. All patients
underwent detailed neurological examination and
evaluation by a neurosurgeon. In addition,
neurosurgical operation and intensive care needs of
the patients were also mentioned.

Brain CT scans of all patients were
performed using Siemens Healthineers SOMATOM
Emotion CT 78560 device. The pathologies of the
patients were classified as epidural haematoma,
subdural  haematoma, non-deplaced fracture,
deplaced  fracture, traumatic  subarachnoid
haemorrhage, contusio cerebri and
pneumocephalus. Pathological locations were also
specified. Cases requiring hospitalisation even
though no traumatic pathology was detected on CT
images were also included. The PECARN
algorithm was applied retrospectively for each
patient by two neurosurgeons in a consensus
manner, taking into account the clinical status of
the patients at the time of presentation.
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Statistical Analysis: Statistical analyses
were performed using IBM Statistical Package for
the Social Sciences (SPSS) version 25.0 (IBM
Corpotation, Armonk, NY). Normality of
distrubitions was assessed by Kolmogorov-Smirnov
test. Frequency (%) analysis was used for
demographic analyses. Continuous variables were
expressed as mean + standard deviation and/or
median (Inter Quartile Range) and categorical data
were expressed as number and percentage. Chi-
square tests were used to analyse the

Table 1. Baseline demographic and clinical characteristics

crosstabulations created for categorical data. p<0.05
was considered statistically significant.

RESULTS

Baseline Demographic and Clinical
Characteristics:  Demographic and clinical
characteristics of the patients are summarised in
Table 1. The mean age in months was 47.8 + 4.6
(mean + SEM). The median was 24 and the range
was 1-204 months. There was a male gender
predominance in this cohort (71 males, 37 females).

Variable n (%)
Demographic
Sex, female 40 (37)
Age (month)
mean + SEM 47.8+4.6
median (IQR) 24 (1-204)
Trauma etiology
Fall 100 (92.6)
from standing 58 (53.7)
from height 34 (31.5)
bicycle (unhelmeted) 3(2.8)
swing 5(4.6)
MVC 5(4.6)
passenger 1(0.9)
pedestrian 4(3.7)
Impact with a hard object 3(2.8)
GCS
15 96 (88.9)
<15 12 (11.1)
Symptoms
Headache 10 (9.3)
Vomiting 11 (10.2)
Unconsciousness 12 (11.1)
Scalp swelling 68 (63)
‘Wound 23 (21.3)
Additional traumatic pathology 4 (3.7)
Need for ICU 9 (8.3)
Need for surgery 5(4.6)
Length of stay hospital (day)
mean + SD 3+1.8
median (IQR) 2(1-9)

SEM: Standard Error of Mean SD: Standard Deviation GCS: Glasgow Coma Scale MVC: Motor Vehicle Crash ICU: Intensive Care Unit

IQR: Inter Quartile Range
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GCS was <15 in 11.1% of the patients and
30.6% had symptoms. In addition, 63% had scalp

Table 2. Radiological characteristics

. : Variables n (%)
swelling and 21.3% had open wounds. While 9
patients required intensive care, 5 patients Presence of pathology 98 (90.7)
underwent.neurosurgical surgery (Table 1). The Type of pathology
mean hospital stay was 3 + 1.8 days (mean + SD). :

Trauma Etiology: Trauma etiologies of the Epidural haemorrhage 10 (9.3)
patients are gumm_arised in Table 1. Th_e etiologies Subdural haemorrhage 5 (4.6)
were subdivided into falls, motor vehicle crashes
and hard object impacts. The most common Traumatic subarachnoid 4(3.7)
pathology was fall from standing level with 53.7%. haemorrhage
The_ least common  trauma _etlolog_y was motor Cercbral contusion 12 (11.1)
vehicle crash which was seen in 1 patient.

Radiological Characteristics: The Non-deplaced fracture 87 (80.6)
radiological characteristics of the patients are
summarised in Table 2. The most common Deplaced fracture 467D
pathology was non-deplaced fracture (80.6%). The Pneumocephalus 7 (6.5)
most common pathological location was parietal Location of pathol
region (31.5%). In 10 patients, no trauma-related ocation of pathology
intracranial radiological pathology was observed on Frontal 30 (27.8)

CT imaging at the time of presentation.

PECARN Evaluation: The PECARN Temporal 7(6:5)
algorithm was utilised for each case considering the Parietal 34 (31.5)
clinical and neurological status at the time of Occinital 16 (14.8
admission. In accordance with the algorithm, it was ceipita (14.8)
taken into consideration that the patients were under Frontoparietal 4(3.7)
and over 2 years of age. According to the
judgements made in accordance with the PECARN Frontotemporal 467
algorithm, CT was indicated in 18 cases (167%), Frontotemporoparieta] 1 (09)
while 32 cases (29.6%) were not indicated. Chi- -
square analysis of all relevant variables according Temporoparietal 2(1.9)
to the PECARN algorithm is shown in Table 3.

Table 3. PECARN evaluation chi-square analysis
PECARN
CT Observation vs. CT CT not
required  using shared decision- indicated p
n (%) making n (%)
n (%)
Presence of + 13 (13.3) 53 (54.1) 32 (32.7) 0.005
radiological
pathology - 5(50) 5(50) 0(0)
Non-deplaced + 8(9.2) 50 (57.5) 29 (33.3) <0.001
fracture
- 10 (47.6) 8(38.1) 3(14.3)
Deplaced fracture + 4(100) 0 (0) 0 (0) 0.001
- 14 (13.5) 58 (55.8) 32 (30.8)
EDH + 2 (20) 4 (40) 4 (40) 0.658
- 16 (16.3) 54 (55.1) 28 (28.6)
SDH + 2 (40) 1(20) 2 (40) 0.187
- 16 (15.5) 57 (55.3) 30 (29.1)
Traumatic SAH + 0 (0) 4 (100) 0 (0) 0,236
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- 18 (17.3) 54 (51.9) 32(30.8)
Cerebral contusion + 4 (33.3) 4(33.3) 4(33.3) 0.163
- 14 (14.6) 54 (56.3) 28 (29.2)
Pneumocephalus + 1(14.3) 3(42.9) 3 (42.9) 0.864
. 17 (16.8) 55 (54.5) 29 (28.7)
Presence of symptom + 12 (50) 12 (50) 0 (0) <0.001
. 6 (7.1) 46 (54.8) 32 (38.1)
Headache + 3(30) 7 (70) 0 (0) 0.085
- 15 (15.3) 51 (52) 32(32.7)
Vomiting + 5 (45.5) 6 (55.5) 0 (0) 0.009
. 13 (13.4) 52 (53.6) 32 (33)
Unconsciousness + 12 (100) 0 (0) 0 (0) <0.001
. 6 (6.3) 58 (60.4) 32 (33.3)
Wound + 6 (26.1) 6 (26.1) 11 (47.8) 0.011
- 12 (14.1) 52 (61.2) 21 (24.7)
Scalp swelling + 7 (10.3) 49 (72.1) 12 (17.6) <0.001
. 11 (27.5) 9 (22.5) 20 (50)
Additional traumatic + 3 (75) 1(25) 0 (0) 0.016
pathology . 15 (14.4) 57 (54.8) 32 (30.8)
Need for ICU + 6 (66.7) 3(33.3) 0 (0) <0.001
- 12 (12.1) 55 (55.6) 32(32.3)
Need for surgery + 4 (80) 1 (20) 0 (0) 0.003
. 14 (13.6) 57 (55.3) 32 (31.1)
Trauma etiology Fall from 4 (6.9) 29 (50) 25 (43.1) 0.013
standing
Fall from height 10 (29.4) 17 (50) 7 (20.6)
Fall (bicycle- 1(33.3) 2 (66.7) 0 (0)
unhelmeted)
Fall (swing) 1 (20) 4 (80) 0 (0)
MVC 0(0) 1 (100) 0(0)
(passenger)
MVC 0 (0) 4 (100) 0 (0)
(pedestrian)
Impact with a 2 (66.7) 1(33.3) 0 (0)

hard object

PECARN: Pediatric Emergency Care Applied Research Network CT: Computed Tomography MVC: Motor Vehicle Crash ICU: Intensive

Care Unit SAH: Subarachnoid Haemorrhage EDH: Epidural Haemorrhage SDH: Subdural Haemorrhage
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DISCUSSION

The most common factor causing mortality
in children is trauma, and among traumas, head
traumas are both the most frequently seen and the
most important cause of mortality(8,19). Falls,
traffic accidents and sports injuries are the most
prominent causes of head trauma and are more
common in boys (8,12). In our study, it was
observed that the majority of the cases were due to
falls (92.6%). In addition, the majority of cases
were boys (63%) in parallel with the literature.
There is not yet a consensus on the indications for
imaging especially in paediatric patients with minor
head trauma. In the study by Easter et al. it was
emphasised that clinician assessment and the
PECARN algorithm define all clinically significant
traumatic brain injury and PECARN is slightly
more specific (20). In our trial, CT was not
considered unnecessary in any patient requiring
neurosurgical procedure and/or intensive care unit.
In this respect, we think that the PECARN
algorithm is a useful guideline for predicting
traumatic brain injury and making the necessary
imaging decision, regardless of the clinician's
experience. Furtado et al. retrospectively examined
paediatric minor head trauma patients for cost-
effectiveness. For this evaluation, the PECARN
algorithm was applied retrospectively and it was
ascertained that CT was not required in 77.6% of
the cases in which CT imaging was performed.
According to this result, PECARN reduces the cost
and this reduction is statistically significant (21). In
our study, CT was not necessary in 32 cases
(29.6%). However, some points should be remarked
in this regard. Firstly, according to the PECARN
algorithm, CT is not unnecessary in any patient
undergoing  neurosurgical  procedures and/or
requiring intensive care unit. Another point is that
unlike other studies, our study was conducted on
hospitalised  patients  requiring  neurosurgical
follow-up and treatment. These results emphasise
that the PECARN algorithm is important in terms
of cost reduction as well as predicting traumatic
brain injury. Apart from the algorithms in the
literature, there are recommendations for CT
imaging indication and prediction of traumatic
brain injury. Michiwaki et al. found that traumatic
imaging findings were significantly more frequent
in cases <1 year of age, GCS 14 and falls from
height (22). Similarly, Andrade et al. showed that
traumatic abnormal CT findings were statistically
significantly higher in patients who fell from a
distance of more than 1 meter (23). Fundaro et al.
retrospectively investigated paediatric patients with
mild head trauma and reported that scalp swelling
and impaired consciousness were important
findings in predicting traumatic brain injury
requiring CT imaging (24). According to the
PECARN algorithm, CT was not unnecessary in
any patient with consciousness retardation in our
study. In addition, CT was not necessary in 12

(17.6%) patients with scalp swelling in our study.
In summary, CT indications in paediatric patients
with minor head trauma should be carefully
determined according to age, clinical status and
mechanism of trauma, as well as the experience of
the clinician. Algorithms in the literature have been
tried to be established within this framework. When
the sensitivity of the paediatric age group to
radiation exposure with CT is considered, the aim
of all these predictors is to maximally predict
traumatic brain injury while minimising radiation
exposure. In some studies in the literature, non-
ionised imaging methods have also been researched
in order to mitigate the adverse effects of radiation.
Cicogan et al. evaluated point of care ultrasound
(POCUS), near-infrared spectroscopy (NIRS) and
rapid magnetic resonance imaging (MRI) methods.
According to the PECARN algorithm, POCUS and
NIRS can improve the decision-making process of
the clinician in addition to PECARN in cases with
moderate and severe risk for traumatic brain injury.
Rapid MRI was seen as a suitable alternative to CT
(25). In addition, the sensitivity of CT should be
taken into consideration in the detailed diagnosis of
bone pathologies.

CONCLUSION

Minor head traumas are frequently
encountered especially in the paediatric age group.
They are mostly not associated with traumatic brain
injury and long-term sequelae. Children exposed to
minor head trauma should be carefully evaluated by
the clinician considering the history and findings
suggestive of clinically significant TBI. The
purpose of the clinician is to rapidly and accurately
diagnose clinically significant TBI while avoiding
unnecessary CT imaging to protect against the
adverse effects of radiation. For this reason, various
clinical decision-making algorithms have been
proposed in the literature to assist the clinician.
These algorithms are expected to have high
sensitivity especially for the identification of cases
requiring neurosurgical intervention and follow-up.
We recommend the adoption of the PECARN
algorithm for this purpose. On the other hand,
similar studies should be performed in larger
groups of patients requiring hospitalisation and
neurosurgical follow-up and treatment as in our
study.
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Aydogan Gedik S et al.

Development of the Aydogan-Depression Screening Scale for
Pregnant and Determination of Depression Risks of

Pregnant Women

ABSTRACT

Objective: The aim of the study is to develop the “Aydogan-Depression Screening
Scale for Pregnant” (A-DSP) for depression screening during pregnancy and to test
its validity and reliability.

Method: This methodological study was conducted with 369 pregnant. A-DSP was
designed as a 4-point Likert-type self-report scale consisting of positive and
negative propositions. Content, construct and criterion validity were evaluated.
Internal consistency analyses, item analysis and test-retest were performed to
evaluate reliability. The cut-off score was determined by ROC analysis.

Results: The results obtained from all validity and reliability analyses of A-DSP
were at a sufficient level. It was found that A-DSP consisted of 4 sub-dimensions
and 21 items, total explained variance was 56.3%, and Cronbach's Alpha was 0.919.
An increase in scores indicates an increase in the suspicion of depression. In
addition, it is accepted that there is a suspicion of depression at a score>41. It was
determined that 29.5% of the pregnant women had a suspicion of depression.
Conclusions: It was concluded that A-DSP is a valid and reliable scale that can be
used to screen for depression in pregnant women. It is thought that it would be
beneficial to screen for depression using A-DSP, to monitor the mental status of
pregnant women by A-DSP, to perceive it as an early warning for depression when
there is a change, and to refer to a psychiatrist for further examination.

Keywords: Depression, Pregnant, Pregnancy, Validity, Reliability, Screening.

Aydogan-Gebelere Yénelik Depresyon Tarama Olgegi’nin

Gelistirilmesi ve  Gebelerin  Depresyon  Diizeyinin
Belirlenmesi
OZET

Amac: Caligmanin amaci gebelik doneminde goriilen depresyon taramasi igin
“Aydogan - Gebelere Yonelik Depresyon Tarama Olgegi’nin (A-GDO)
gelistirilmesi, gecerlik ve glivenirliginin test edilmesidir.

Yontem: Metodolojik tipteki calisma 369 gebe iizerinde gerceklestirildi. A-GDO
4’li Likert tipinde olumlu ve olumsuz 6nermelerden olusan bir 6z bildirim Slgegi
olarak tasarlandi. Kapsam gecerligi, yap1 gegerligi ve 6lgiit gegerligi degerlendirildi.
Giivenirligi degerlendirmek i¢in i¢ tutarlik analizleri, madde analizi ve test - tekrar
test uygulamasi yapildi. Kestirim puan1t ROC analizi ile belirlendi.

Bulgular: A-GDO’niin tiim gegerlik ve giivenirlik analizlerinden elde edilen
sonuglarin yeterli diizeyde oldugu goriildii. A-GDO’niin 4 alt boyut ve 21
maddeden olustugu, toplam agiklanan varyansin % 56.3, Cronbach Alfa giivenirlik
katsayistnin 0.919 oldugu bulundu. Olgekten alinan toplam puanin artigt depresyon
stiphesinin arttigin1 gostermektedir. Ayrica 41 puan ve lizeri depresyon siiphesinin
var oldugunu gostermektedir. Calismada gebelerin % 29.5’inde depresyon siiphesi
oldugu tespit edildi.

Sonuc: A-GDO’niin gebelerde depresyonun taranmasi amaciyla kullanilabilecek
gecerli ve giivenilir bir dlgek oldugu sonucuna ulasildi. A-GDO kullanilarak
depresyon taramas1 yapilmasi, gebelerin ruhsal durumlarmin A-GDO ile izlenmesi,
bir degisiklik oldugunda depresyon i¢in erken uyari olarak algilanmasi ve ileri
inceleme igin bir psikiyatri uzmanma ydnlendirme yapilmasinin faydali olacag:
diistiniilmektedir.

Anahtar Kelimeler: Depresyon, Gebe, Gebelik, Gegerlik, Giivenirlik, Tarama
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INTRODUCTION

Depression is a common mental disorder in
pregnant women. It has been reported that
approximately 10% of pregnant women worldwide
have depression (1). Depression has short and long
term negative effects on pregnancy, fetus and after
delivery baby (2). Early diagnosis of depression
during pregnancy is important in order to prevent
the negative consequences (3,4).

Depression screening in pregnant women is
a topic that has come to the fore recently, and it is
recommended to perform routine screenings with
easy-to-use tools in prenatal controls (2, 5). With
the help of self-report questionnaires that can be
administered by people who are not experts in
mental health, it is possible to identify pregnant
women at risk of depression with low costs and
using less resources (6). In particular, it is important
to carry out screenings by health personnel in
primary care and to include psychological
evaluation in the follow-up of pregnant women (2,
7).

Although the validity and reliability studies
of some depression scales in pregnant have positive
results or some questions for screening depression
during pregnancy have been found appropriate, no
scale has been found in the literature that includes
pregnancy-specific questions developed only for
depression seen during pregnancy. There is a lack
of approved, valid and reliable screening tools to
screen for depression during pregnancy (2, 8).
Because it may be difficult to distinguish normal
somatic and emotional symptoms of pregnancy
from depression symptoms, the use of unconfirmed
measurement tools may yield inaccurate results (9).
Reliable tools are needed to detect pregnancy
depression.

In the study, it was aimed to develop the
“Aydogan-Depression  Screening  Scale  for
Pregnant” (A-DSP) to screen for depression during
pregnancy, to test its validity and reliability, and to
evaluate the suspicion of depression in pregnant
women.

MATERIAL AND METHODS

Study Design and Study Group: The study
is a methodological type study conducted on
pregnant women aged 18 and over who applied to
Eskisehir Osmangazi University Health Practice
and Research Hospital Gynecology and Obstetrics
Polyclinic between March 2020 and November
2021.

In validity and reliability studies, reaching 5-
10 times the number of items or a sample of 300
people is considered good (10, 11). In our study, as
the main sample, validity and reliability analyzes
were performed on 369 pregnant women.
Confirmatory factor analysis was performed in
another group consisting of 308 pregnant women.

The ages of the women, who constituted the
main sample, ranged between 18-43, with a mean
of 30.49+4.73. Gestational weeks ranged from 4 to

40, with a mean of 23.15+£9.52. 44.7% (n=165)
were in the second trimester.

Data Collection Tools: Data were collected
by a questionnaire. In the first part of the
questionnaire, there are questions about the
sociodemographic characteristics, questions about
pregnancy and some factors that may be related to
depression. In the second section, there is the A-
DSP, which will be developed for the purpose of
screening for depression in pregnant women, and
the Edinburgh Postnatal Depression Scale (EDS) in
the third section.

EDS was developed for the recognition of
postpartum depression. The Turkish validity and
reliability study was performed by Aydin et al. The
cut-off point was suggested as 12.5 (12). Validity
and reliability studies have been conducted on
pregnant women in many countries. It has been
used in many studies conducted to evaluate
depression in pregnant women in Turkey.

Creating the A-DSP: In order to develop
A-DSP, various psychiatry books, DSM, scales
used for depression screening and diagnosis,
depression scales used in research on depression in
pregnant women, and publications specific to
depression during pregnancy were examined. An
88-item question pool was created, including the
diagnosis criteria of depression and the symptoms
of depression in pregnant women.

Six experts (a psychiatrist, a psychologist, a
measurement/evaluation expert, a gynecologist and
two public health experts who are competent in
scale development) reviewed the 88-item pool of
questions. It was evaluated whether the items
represented the features to be measured and
whether  they contained information about
depression during pregnancy. Highly repetitive and
misleading items were eliminated. In addition, the
items were also reviewed in terms of language.
After the corrections were made, 53 questions
remained in the question pool.

A-DSP was designed as a self-report scale.
In the A-DSP, which consists of positive and
negative propositions, pregnant women were asked
to think about their mental state in the last 1 week
and to mark how often they
experienced/thought/felt the expression in each
item. The scale questions designed as an ordinal
scale and designed as a 4-point Likert type are
answered as "never", "sometimes", "often" and
"always". Responses to negative items were
never=1, sometimes=2, often=3, always=4;
responses to positive items were scored in the
opposite way. It was accepted that the risk of
depression increased as the total score that could be
obtained from the scale increased.

Language Suitability and Content
Validity: Expert opinion was sought to evaluate the
language suitability and content validity of the A-
DSP. The 53-item form was submitted to the
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opinion of 22 experts. The items were reviewed in
terms of language. It was checked whether the
items were understandable, whether there were any
errors in their meaning, whether the items
expressed the desired thing correctly and clearly.
Experts evaluated each item according to the
options of “necessary and sufficient”, “necessary
but insufficient” and “unnecessary”. After the
expert evaluation, suggested corrections were made
for the items evaluated as “necessary but
insufficient”. The content validity ratio (CVR) was
calculated for each item and the content validity
index (CVI) for the overall scale was calculated. 15
items with a CVR lower than 0.42 were removed
from the scale. Thus, 40 questions remained in the
form and the smallest recalculated CVR was 0.45,
and the CVI was 0.789. The content validity of the
scale was considered to be sufficient (13).

Preliminary Study: Incomprehensible and
erroneous questions were corrected with the
preliminary study applied to 21 pregnant women.
As a result, 7 items were removed from the scale.

Pilot Study: At this stage of the study, since
the number of items in the A-DSP was 33, it was
aimed to apply a questionnaire to at least 165
pregnant women for the pilot study by taking 5
times the number of items (11). Draft scale was
applied to 200 pregnant women. Internal
consistency analyzes and item analysis were
performed. 11 items with an item-total correlation
coefficient below 0.30 were excluded from the
scale (14). As a result of the pilot study, A-DSP
decreased to 22 items.

Validity and Reliability Analysis with the
Main Sample: After the pilot study, the main
sample (n=369) was surveyed again. To test the
construct validity, exploratory factor analysis (EFA,
it was done in a different group of 308 pregnant

women) and confirmatory factor analysis (CFA)
was performed, and discriminant validity was tested
with the help of differences between groups.
Assumptions were checked before performing
factor analysis. For factor analysis in the literature,
reaching 5-10 times the number of items or a
sample of 300 people is considered good (10, 11).
In line with these recommendations, a sample of
369 pregnant women for EFA and 308 pregnant
women for CFA is considered sufficient. In
addition, the Kaiser-Meyer-Olkin (KMO) test and
Bartlett test of sphericity were used to assess the
adequacy of the sample size and suitability for
factorization. The correlation matrix was examined
to determine whether there was singularity and
multiple collinearity. The anti-image correlation
matrix and Measures of Sampling Adequacy
(MSA) values were also examined for suitability
for factor analysis. Direct oblimin rotation were
used in EFA. Factors with an eigenvalue greater
than 1 were taken into account when deciding on
the number of factors (15, 16). The factor load limit
value was 0.32 (15). According to the results of
EFA made with the 22-item version of A-DSP, it
was seen that an item fell into the same sub-
dimension with questions that didn’t measure the
same feature as itself. For this reason, that item was
removed from the scale. EFA was performed again
with the remaining 21 items. Lavaan 0.6-7 package
was used in R program for CFA. Before starting
CFA, sample size, normality, singularity, and
multiple collinearity assumptions were checked.
The MVN 5.8 package was used to test the
multivariate normal distribution. Evaluation was
made with the Q-Q chart and Mardia's multivariate
normality test. In the Q-Q plot of A-DSP, it was
seen that many data points deviated from
multivariate normality (Figure 1).

Chi-Square Q-Q Plot

Chi-Square Quantile
30 40

20

10

10 20 30

T T T T
40 50 60 70

Squared Mahalanobis Distance

Figure 1. Q-Q Plot Obtained as a Result of Multivariate Normality Analysis
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In addition, when Mardia's skewness and
kurtosis values, the significance levels of these
values and the statistical decision regarding the
significance levels were examined, it was seen that
multivariate normality was not achieved (Table 1).

Table 1. Mardia’s Multivariate Normality Test
Results

Test Statistics  p value Sc';atl_s'glcal
ecision
Skewness 4506.74 <0.001 No
Kurtosis 37.30 <0.001 No
MVN - - No

Since the items of A-DSP were ordinal and
multivariate normality could not be achieved, the
diagonal weighted least squares method was used
as the parameter estimation method. Robust
versions of the goodness-of-fit indices obtained by
adjusting for non-normal distributions were taken
into account. Acceptable value for chi-
square/degrees of freedom was considered as <5,
for CFl and TLI (NNFI) as >0.95, for RMSEA and
SRMR as <0.08 (17). The Spearman correlation
coefficient between EDS and A-DSP was evaluated
for concurrent criterion validity. Cronbach's Alpha
reliability coefficient and item-total correlation
coefficient were calculated for internal consistency.
The item scores of the lower and upper 27% groups
were compared for item discrimination. The test-
retest method was used to evaluate stability, which
is a component of reliability. The scale was applied
to 26 pregnhant women with an interval of 2 weeks,
Pearson correlation coefficient and ICC value were
calculated. ROC analysis was performed to
determine the cut-off score corresponding to
optimal sensitivity and optimal specificity of A-
DSP. In the ROC analysis, groups with and without
risk for depression were used according to the cut-
off score of EDS, which is used as an equivalent
criterion.

Data analysis was performed using SPSS
(version 15.0) and R (version 4.0.3) statistical
packages. Mann-Whitney U and Chi-square tests
were used to compare the groups. Statistical
significance level was accepted as p<0.05.

Ethical Approval: Ethics committee
approval was obtained from Eskisehir Osmangazi
University Non-Interventional Clinical Research
Ethics Committee  (25403353-050-99-E.38314,
26.03.2020).

RESULTS

Exploratory Factor Analysis: KMO test
results were 0.934, and Bartlett's p-value
was<0.001. The sample size was sufficient for
factor analysis and the data were suitable for
analysis. The correlation coefficient between all
items was observed to be less than 0.8. Thus, it was
concluded that there was no singularity and
multiple collinearity in the data. The MSA values
of the items in the anti-image correlation matrix

were between 0.897 and 0.961. It was observed that
the values outside the diagonal of the matrix were
mostly small. Since all MSA values were above
0.5, it was concluded that the data could be
factored.

As a result of factor analysis, it was seen that
the scale consisted of 4 sub-dimensions and 21
items. Factor loadings ranged from 0.428 to 0.798.
The total explained variance was 56.3% (Table 2).

Internal Consistency Reliability and Item
Analysis: The Cronbach's Alpha coefficient of the
21-item final version of the A-DSP, was found to
be 0.919. Item-total correlation coefficients ranged
from 0.403 to 0.726. The Cronbach's Alpha value
was found to be 0.860 for the first factor, 0.784 for
the second factor, 0.698 for the third factor, and
0.765 for the fourth factor. All of the item-total
correlation coefficients between each factor's own
items were greater than 0.3 (Table 2). Internal
consistency of the A-DSP and all factors was
considered to be sufficient.

In order to evaluate item discrimination, the
scores obtained from the A-DSP were ordered from
high to low. The item medians of the lower and
upper 27% groups were compared. A significant
difference was found between the total scores of the
upper 27% group and the lower 27% group from A-
DSP and between the scores they received from
each item (p<0.001 for each). It was accepted that
each item of the A-DSP and the whole scale had
item discrimination, and that it could distinguish
preghant women with and without depression risk.

Confirmatory Factor Analysis: CFA
assumptions were checked and it was found that the
sample size (308) was sufficient and there was no
singularity and multicollinearity (all coefficients in
the correlation matrix are less than 0.8).

The chi-square test value of the model is
475.099 (p<0.001). Among the goodness of fit
indices obtained by CFA, the chi-square/degrees of
freedom value of 2.56, CFl of 0.962 and TLI
(NNFI) of 0.957 indicate a very good fit. The
SRMR value of 0.060 and the RMSEA value of
0.071 indicate acceptable fit. It was found that
sufficient model-data fit was achieved (17). It was
determined that the standard regression coefficients
(factor load) were sufficient (between 0.59-0.92,
Figure 2). It was concluded that the A-DSP
provided construct validity.

Criterion Validity: The total A-DSP scores
of the pregnant women were between 21-70
(mean=36.15+10.11), and their EDS scores were
between 0-26 (mean=8.40+5.54). A strong positive
correlation was determined between EDS and A-
DSP scores (r=0.810, p<0.001).

Discriminant Validity: It was found that
those who scored 13 points (cut-off point) or higher
on the EDS and who reported having a physician-
diagnosed mental illness or depression scored
higher on the A-DSP (Table 3). It was determined
that the scale provided discriminant validity.
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Table 2. The Final Factor Pattern of A-DSP

For All Scale For Each Factor
o wn
SS52£ 55 sEo85¢
Factors Items™* °SE38 8Z 8- & ° %35
'_, o = - o g - 'T T =
ESE T ¢ S533T e £%
238 85 58P ggR
=00 5 § <_E =00
1. It is physically arld mentally Fjlffl_cult to 0566 0798 0.841 0.621
devote myself to a job in my daily life.
Factor 1: Low 2. During pregnancy, my life energy 0698 0741 0823 0.736
Energy decreased.
Initial Eigenvalue: 3. 1 no longer enjoy the things | used to
8.239 enjoy doing in my spare time before 0.603 0.652 0.842 0.615
Common Factor pregnancy.
Variance: 39.234 4, I feel that | do _not have the strength to 0726 0616 0.828 0.714
Cronbach's Alpha: strive for something.
0.860 5. I don't feel like doing anything. 0.590 0.602 0.845 0.589
6. | have no desire to meet people. 0472 0581 0.859 0.494
7. I'm not as cheerful as | used to be. 0.676  0.472 0.840 0.625
Eactor 2: Pessimi 8. My postpartum responsibilities scare me. 0521 0.704 0.730 0.597
a.c.or ) essimism 9. I am hopeful for postpartum. 0434 0.643 0.787 0.449
Initial Eigenvalue: 10. I think that I will not be as productive as
1.257 - Hninrehar theasp 0.653 0624 0704  0.676
before in my life after birth.
Common Factor 11. I'm afraid of not being able to take good
Variance: 5.986 ' g d 0578 0536 0741 0571
\ . care of my baby.
Cronbach’s AlPha: - 5 el like everything will get wor
0.784 - | feel like everything will get worse as 0.646 0447 0752 0536
my pregnancy progresses.
Factor 3: 13. My life has no meaning. 0.444 0.708 0.661 0.451
Worthl -Guilt .| thi ivei
pr_ es_sness ui 14 Ilthlnk | have a negative impact on my 0523 0684 0607 0523
Initial Eigenvalue: baby's health.
1.184 i
15.1 thlr?k I am worthless from the 0533 0669  0.606 0.524
Common Factor perspective of the people around me.
Variance: 5.638 16. 1 feel auilty for thinas that ;
Cronbach's Alpha: | leel guiity Torfhings that Wentwrong 4 1e4 0541 0653  0.456
during pregnancy.
0.698
Factor 4: Depressed ~ 17. | feel like crying for no reason. 0403 0.632 0.764 0.406
Mood 18. | feel sad. 0.603 0584 0.702 0.619
Initial Eigenvalue: 19. 1 am having a happy pregnancy. 0566 0554 0.734 0.534
1.147 20. | always think of bad possibilities
Common Factor regarding the pregnancy process. 0605 053 0713 0.563
Variance: 5.463 211 think di than oth
Cronbach's Alpha: - 1 fhink my Mood 15 worse than other 0.659 0.428 0698  0.609

0.765

pregnant women.

Total Explained Variance: 56.321
Total Cronbach's Alpha: 0.919

*Items 9 and 19 are reverse coded.

Test-Retest Reliability: The total scores
from the first test ranged from 22 to 50
(mean=35.42+6.71). The total scores from the
second test ranged from 21 to 55
(mean=34.53+8.11). The Pearson correlation
coefficient between the total A-DSP scores

obtained from the first test and the second test was
0.745 (p<0.001) and the ICC value was 0.845 (95%
Cl:0.655-0.931, p<0.001). It was concluded that A-
DSP gave similar results in both measurements, had
high reliability, was stable and didn’t change over
time.
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Figure 2. Path Diagram Showing the Model Structure and Standard Regression Coefficients

Table 3. Distribution of the A-DSP Scores of the Pregnant Women According to the EDS Scores and the

Presence of Current Mental llIness

A-DSP Total Score

- — Test
n (%) MeaniSD* Median (minimum- giavictic: p
maximum)
EDS Score
12 and below 282 (76.4) 32.33+6.99 31.50 (21.00-60.00) 12.206;
13 and above 87 (23.6) 48.55+8.63 47.00 (29.00-70.00) <0.001
Current physician-diagnosed mental illness
No 360 (97.6) 35.85+9.80 34.00 (21.00-70.00) 3.046;
Yes 9(2.4) 49.44+13.68 53.00 (21.00-64.00) 0.002
Current physician-diagnosed depression
No 365 (98.9) 36.02+10.04 34.00 (21.00-70.00) 2.259;
Yes 4(1.1) 48.75+10.14 47.50 (39.00-61.00) 0.024
Total 369 (100.0) 36.1+10.11 34.0 (21.0-70.0)

*Standard deviation

Cut-Off Score: In the ROC analysis, the
area under the curve was found to be 0.932 (%95
Cl: 0.905-0.959, p<0.001). The points where the
sensitivity and specificity values were highest and
closest to each other were examined. The optimal
sensitivity (0.851) and specificity (0.876) values
were found to be 40.5 cut-off points. In addition,
the likelihood ratio (LR) value for this cut-off score
was found to be 6.8.

When the EDS and A-DSP cut-off scores
were examined, it was determined that 23.6% of the
pregnant women according to the EDS and 29.5%
according to the A-DSP were at risk of depression.

DISCUSSION

A-DSP was designed as a self-report scale
based on the self-evaluation of pregnant women.
Self-report scales are used to measure features that
cannot be observed directly. Evaluation is made
according to the person's statement. The fact that
the individual answers the questions honestly
affects the accuracy and reliability of the data
obtained. A self-report-based screening test cannot
replace clinical diagnosis, but it can show which
pregnant women need further evaluation (18).

A comprehensive literature review was
conducted to create the A-DSP. General
information on depression, scales, and publications
specific to depression during pregnhancy were
reviewed. Information on peripartum depression,
where pregnancy depression was first defined, and
information on postpartum depression were
compiled. One of the scales used was the
Pregnancy Depression Scale (PDS), which was
created for the purpose of screening for depression
in pregnant women. It was created by revising the
Hamilton Depression Rating Scale using a
structured clinical interview for DSM-4. It was
determined that 7 items of the Hamilton Depression
Rating Scale were associated with depression
during pregnancy (depressed mood, feeling of guilt,
decrease in work activities, psychomotor
retardation, diurnal variation, fatigability, social
withdrawal). It was stated that these 7 items
forming the PDS predicted a major depressive
episode during pregnancy (3). Items that question
these symptoms are also found in A-DSP. Only
diurnal variation is not included in the A-DSP.
Unlike PDS and other depression scales used in
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pregnancy, A-DSP questions were created using
expressions specific to pregnancy.

It was seen that the A-DSP consisted of 4
factors. Because psychological characteristics have
complex structures, it is generally not possible for
scales measuring psychological characteristics to be
unidimensional. Depression scales also measure the
emotional, cognitive, somatic and perceptual
symptoms of depression. Within the framework of
these symptoms, it is expected that the scales will
consist of sub-dimensions. It has been reported in
many studies that depression scales consist of many
sub-dimensions. Beck et al. defined the cognitive
and somatic-affective dimensions of the Beck
Depression Inventory. This structure was also
confirmed in Turkey (19). It has been reported that
the CES-D has a four-dimensional structure:
depressive symptoms, positive affect, somatic
symptoms, and difficulties in interpersonal
relationships (20). Similarly, when the validity and
reliability studies of depression scales on pregnant
women are examined, it is seen that there are
multidimensional structures. It has been reported
that EDS, which was developed as one-
dimensional, showed a three-factor structure
including depression, anxiety and suicide in studies
conducted in England and the Netherlands (21,22).
In another study conducted in England, the
existence of a two-factor structure, anxiety and
depression, was mentioned in the first trimester
(23). In a study conducted in France, it was
reported that a two-factor structure was detected,
including depression and other disorders including
anxiety (24). In the validity and reliability study
performed on Hungarian pregnant women, it was
reported that EDS consisted of 3 factors (25). The
multidimensional structure of A-DSP in our study
is compatible with the literature.

There are different limits in the literature for
the total variance explained by the scale. Having
50% or more of the total variance explained by a
scale has been accepted as sufficient in many
studies (15). It is considered sufficient that the total
variance explained in the scales used in social areas
is 50-60% (16). According to the data obtained as a
result of EFA, the contribution of 21 items and 4
factors that make up A-DSP to the total variance is
56.3%. In other words, approximately 56.3% of the
depression risks of pregnant women can be
determined with the help of A-DSP. It can be said
that the total variance level explained by A-DSP is
sufficient.

The similarity between the measurement
results of the newly developed test and the standard
test, which is known to measure a feature correctly
and proven validity and reliability, shows that the
new scale provides criterion validity (26). In the
hypothesis established in this direction, it was
expected that the scores of the pregnant women in
A-DSP and the scores they got in the EDS would
show a positive and acceptable correlation. As

expected, a strong positive correlation was found
between the scores obtained from the two scales
used in our study (r=0.810). The results obtained
show that the A-DSP provided the criterion
validity.

Reliability shows the ability of the scale to
measure accurately and its invariance over time
(14). In order to ensure reliability, the scale should
be consistent, stable and sensitive. The Cronbach
Alpha reliability coefficient is used to evaluate
internal consistency. It shows the degree of
consistency between the items of a scale and the
whole scale. High values indicate that the scale
items are self-consistent and that the scale measures
a single feature. Although lower Cronbach Alpha
values are accepted in scales with few questions,
between 0.7-0.95 are generally accepted as reliable
(14, 27). The Cronbach's Alpha coefficient of A-
DSP was calculated as 0.860 for the first factor,
0.784 for the second factor, 0.698 for the third
factor, 0.765 for the fourth factor, and 0.919 for the
whole scale. A sufficient level of Cronbach's Alpha
value for each factor and 21 questions that make up
the whole scale shows that the questions are
consistent. It can be interpreted that the internal
consistency of the A-DSP is provided and it is quite
reliable. The Cronbach's alpha value of the PDS,
which was created to screen for depression in
pregnant women using the Hamilton Depression
Rating Scale, was found to be 0.81.

The reliability coefficient is affected by the
sample size. In addition, the correlation coefficients
between the items and the fact that the participants
knew the purpose of the test before collecting data
are among the factors affecting reliability (14). In
our study, the sample size was sufficient and the
correlation coefficients between the items were in
the appropriate range. Before applying the
questionnaire, the participants were informed about
the purpose of the study, and the points that were
curious or not understood by the participants were
answered by the researcher and the participants
were enlightened. For these reasons, it can be said
that the reliability coefficient is calculated correctly
without being affected by these factors.

Stability, which is a component of
reliability, is evaluated with the test-retest method.
In this method, which is based on applying the scale
to the same people twice with a certain time interval
and calculating the correlation coefficient between
the two measurement results, the high correlation
coefficient indicates that the measurement is stable
(14, 26). Another coefficient calculated in the test-
retest method is ICC. It is expected that the
correlation coefficient and ICC value will be 0.70
and above (28). It was observed that there was a
strong positive correlation between the scores
obtained as a result of applying A-DSP to the same
pregnant women at two-week intervals (r=0.745).
In addition, the ICC value was calculated as 0.845.
It was found that the scores obtained from A-DSP
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did not change according to time, A-DSP was
stable in repeated measurements, gave similar
results, and provided test-retest reliability.

ROC analysis was performed to calculate the
cut-off score of A-DSP. The fact that the area under
the curve in the ROC analysis is close to 1 indicates
that the test has high discrimination (29). In our
study, the area under the curve was found to be
0.932. When deciding on the cut-off point, it is
recommended to use the point where the
sensitivity+selectivity value is the highest and the
sensitivity and selectivity values are closest to each
other (29). When evaluated according to these
criteria, the cut-off score of A-DSP was 40.5. For
this cut-off score, the sensitivity was 85.1% and the
specificity was 87.6%. In other words, while the
success of A-DSP to identify a pregnant woman at
risk of depression is 85%, the success of identifying
a pregnant woman without a risk of depression is
87%. In addition, the LR value for this cut-off score
was found to be 6.8. The larger the LR value, the
better distinguishing individuals who are truly at
risk. It can be interpreted that A-DSP produced 6.8
true positive versus 1 false positive result (29).

Strengths and Limitations of the Study:
This study is important because it’s the first scale
development study that includes pregnancy-specific
questions designed only for the pregnancy period
on depression. One of the strengths is that the study
was carried out on a large sample.

The diagnostic criteria for depression in
DSM and some normal symptoms during
pregnancy are similar. For this reason, the diagnosis
of depression can be made more than normal in the
evaluations made according to the DSM criteria in
pregnant women. Self-report scales developed
according to DSM criteria may also indicate more
cases than they actually are and produce erroneous
results (30). In order to avoid such mistakes during
the development of A-DSP, no questions were
prepared that included somatic symptoms such as
palpitations, weight gain, increased or decreased
appetite, and decreased sexual desire, which
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Biomarkers of Vitamin D Sufficiency: Vitamin D
Metabolite Levels do not depend on 25-Hydroxyvitamin

D2 levels in Healthy Turkish Individuals

ABSTRACT

Objective: Patient-specific factors may influence the adequate supplemental
vitamin D dose. In this study, we evaluated the relationship between 25(0OH)D, and
free vitamin D levels and vitamin D deficiency in a healthy Turkish population.
Method: Blood samples were obtained from 92 healthy adults aged >18 years.
Total 25(0OH)D was determined by CMIA. Serum 25(OH)D; and D, levels were
measured by LC-MS. Free 25(OH)D was calculated according to the Bikle method.
Results: In 54% of the participants, 25(OH)D; levels were below 20 ng/mL. Those
with 20 ng/mL or higher had higher mean serum 25(OH)D; and free vitamin D
levels (P<0.001). Mean 25(OH)D, concentration did not differ according to
deficiency criteria. Serum 25(OH)D, levels were consistent regardless of free
vitamin D concentrations.

Conclusions: Serum 25(OH)D; and free vitamin D concentrations measured by
LC-MS indicate deficiency by influencing the total 25(OH)Ds; concentration.
However, serum 25(OH)D, concentration did not differ between individuals and
does not directly indicate deficiency.

Keywords: Vitamin D, 25-Hydroxyvitamin D,, 25-Hydroxyvitamin D, free
vitamin D.

D Vitamini Yetersizliginin Biyobelirtecleri: Saghkh
Tiirk bireylerde D Vitamini Metabolit Diizeyleri 25-

Hidroksivitamin D2 Diizeylerine Bagh Degildir

OZET

Amac: Hastaya 6zgili faktorler yeterli ek D vitamini dozunu etkileyebilir. Bu
caligmada, saglikli bir Tiirk popiilasyonunda 25(OH)D, ve serbest D vitamini
diizeyleri ile D vitamini eksikligi arasindaki iliski degerlendirilmistir.

Yontem: 18 yas istii 92 saglikli yetiskinden kan ornekleri alinmugtir. Toplam
25(0OH)D CMIA ile belirlenmigtir. Serum 25(OH)D3 ve D, seviyeleri LC-MS ile
Olciilmiistiir. Serbest 25(OH)D hesaplamasi Bikle yontemine gore yapilmistir.
Bulgular: Katilimcilarin %54'tinde 25(OH)Dj3 seviyesi 20 ng/mL'nin altindaydi. 20
ng/mL veya daha yiiksek olanlarda, ortalama serum 25(OH)Dj; ve serbest D
vitamini seviyeleri daha yiiksekti (P<0.001). Ortalama 25(OH)D, konsantrasyonu
eksiklik kriterlerine gore fark gostermemistir. Serum 25(OH)D, seviyeleri, serbest
D vitamini konsantrasyonlarindan bagimsiz olarak tutarliydi.

Sonu¢: LC-MS ile olglilen serum 25(OH)D; ve serbest D vitamini
konsantrasyonlari, toplam 25(OH)D; konsantrasyonunu etkileyerek eksikligi
gostermektedir. Ancak, serum 25(OH)D, konsantrasyonu bireyler arasinda fark
gostermemistir ve eksikligi dogrudan gostermez.

Anahtar Kelimeler: D vitamini, 25-Hidroksivitamin D,, 25-Hidroksivitamin Ds,
serbest D vitamini
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INTRODUCTION

Vitamin D occurs predominantly in two
forms: ergocalciferol (D,) and cholecalciferol (Ds).
Most vertebrates' skin produces around 80% of
their Ds; by UVB irradiation of 7-
dehydrocholesterol. In contrast, UVB radiation
produces vitamin D, in plants and fungus (1).
Vitamin D is essential for bone metabolism, among
other metabolic and catabolic pathways, and
functions in the congenital and adaptive immune
systems that influence the cure, severity and
mortality of various acute and chronic diseases and
bacterial and viral illnesses (2-4). Multiple forms of
vitamin D can play a key role in modulating
immunity, including ergocalciferol (Dy),
cholecalciferol  (D3), 25-hydroxyvitamin D,
(25(0OH)Dy), 25-hydroxyvitamin D3 (25(0H)Dg),
and 1,25-dihydroxyvitamin D3 (1,25-(OH)2D3) (5).
The primary metabolic pathway for vitamin D
physiology involves the formation of 25(OH)D,
and 25(0OH)D; from 25(OH)D (6). Through the
bloodstream, vitamin D and its metabolites are
transported predominantly attached to vitamin D
binding protein (VDBP) (about 85%) and albumin
(about 15%) (7). Upon reaching target cells, the
vitamin D complex dissociates from either VDBP
or albumin, allowing vitamin D to enter the cells
and engage with nuclear vitamin D receptors
(VDRn), which are present in various tissues and
act as transcriptional factors (8).

Vitamin D insufficiency is commonly
defined as serum 25(OH)D; concentrations less
than 20 nmol/L, while other recommendations and
published research have varying cut-off values (9).
It is often necessary to augment low serum
25(0OH)D; levels with ergocalciferol (D,) or
cholecalciferol (D), although their therapeutic
equivalentity is debatable (10-12). Research
indicates that taking D5 orally increases levels of
both free and total 25(OH)D more than using D,
supplements (10, 13, 14). Factors unique to each
patient may also influence how much extra vitamin
D is needed (15) and for this reason, it's critical to
validate vitamin D metabolite thresholds as well as
which metabolite is clinically meaningful in order
to recommend vitamin D supplementation. This
study provides a comprehensive analysis by
including both 25(0OH)D3 and 25(0OH)D, levels in a
larger cohort, allowing for a more detailed
evaluation of vitamin D, status in healthy
individuals. We present new findings on the
potential role of 25(0OH)D, in vitamin D
metabolism, which has been largely overlooked in
previous studies. Owing to variations in patient
reactions to vitamin D therapy and demographic
variables, our goal was to look at the relationship
between 25(OH)D, and free vitamin D levels as
well as vitamin D insufficiency in a cohort of
Turkish adults who were otherwise in good health.

MATERIAL AND METHODS

Study Design: Ninety-two healthy adults,
aged 18 or older, of both sexes (38 men and 54
women), who applied for a normal yearly check-up
at the Biruni University Hospital's Check-up Unit,
satisfied the research's requirements, and consented
to take part in the investigation were included in the
study. The following three requirements were met
in order to be eligible for this prospective study: 1)
no health condition, such as obesity, that might
influence vitamin D concentrations; 2) no vitamin
D supplementation during the previous two years;
and 3) at least two generations of Turkish ancestry.
The exclusion criteria included the following: 1)
refusing to participate in the study; 2) not being of
Turkish ethnic descent; 3) taking any kind of
vitamin D supplement in the previous two years; 4)
having a diagnosis of an infectious disease that is
actively active (such as acute hepatitis, AIDS, or
tuberculosis); 5) using steroids or their derivatives
in the previous two years; 7) being under the age of
eighteen, pregnant, or nursing.

Ethics committee permission for the study
was obtained from Biruni University Ethics
Committee (Ethical apporaval number: 2020/43-
20). This study was conducted in full compliance
with the Helsinki Declaration. After notifying all
subjects about the study, formal permission forms
were obtained from each.

In our previous study, we genotyped vitamin
D binding protein in 51 patients (16). In this study,
we added 41 more patients to the patients and
performed a different statistical study and
biochemical analysis of vitamin D, from a different
perspective. In addition, the measurement
differences between vitamin D, and D3 levels were
also revealed.

Collection of Blood Samples: Venous
blood samples were taken and divided into two
tubes: one for serum with a gel and the other for
EDTA (Nest- UK). Blood samples collected in
serum tubes at 4100 rpm and centrifuged (NF 800,
Nuve, Turkey), the blood was split into two aliquots
and stored at -80°C.

Metabolic Measurements of Vitamin D:
25(0OH)D concentrations were evaluated using
chemiluminescence microparticle immunoassay
(CMIA). The Architect 25-OH Vitamin D kit
(5P02, Abbott Diagnosis, USA) and i1000SR
analyzer (Abbott Laboratories, USA) were used in
the study. The 2011 IOM report on dietary
reference intakes of 20 ng/ml was taken as the cut-
off for vitamin D deficiency (17). To measure the
albumin concentration of the samples, a
Roche/Hitachi cobas C instrument was used in
accordance with the manufacturer's instructions,
which uses a colorimetric assay technique. Serum
VDBP concentration was determined in accordance
with the literature (18) and Quantikine kit for
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monoclonal immunoassay measurement of human
vitamin VDBP was performed using the
manufacturer's instructions (R&D Systems, Cat No:
DVDBPO, USA).

The analysis of 25(0OH) D; and vitamin D,
was conducted using liquid chromatography—mass
spectrometry (LC-MS), employing an Agilent
Infinity 1290 HPLC system (Agilent Technologies,
Santa Clara, CA, USA). This system featured a
binary pump (G4220A), column compartment
(G1316C), and autosampler (G7167B), which were
coupled to a 6470 triple quadrupole mass
spectrometer (6470A, Agilent Technologies, Santa
Clara, CA, USA). The process utilized a CE-in
vitro diagnostic certified Jasem vitamin D LC-
MS/MS analysis kit (Sem Laboratuar Cihazlar
Pazarlama Inc., Turkey).

For sample preparation, patient samples and
serum-based calibrants/quality control materials
were handled according to the kit’s protocol. This
procedure included a protein precipitation phase
before injection into the system. The HPLC system
was operated using the chromatographic parameters
specified in the kit, and detection was performed
with  MS/MS using positive electronic spray
ionization in multiple-reaction monitoring mode.
For accurate measurement of  analyte
concentrations, the ratio of the peak area of vitamin
D, (25(0OH) Dj;) to the internal standard (labeled
stable isotope-d6 25(0OH) D3) was calculated. The
Bikle Method, generally known as the following
equation, was utilized to determine free 25(OH)D
(19):

Free 25(OH)D = Total 25(CH)D/ (1 +
(KALBX[ALB]) + (KDBPx[VDBP]))

Where [VDBP] is the concentration of
vitamin D binding protein, [KALB] is the affinity
constant for 25(OH)D with albumin, and [ALB] is
the albumin concentration. Similarly, KDBP is the
affinity constant for 25(OH)D; with vitamin D
binding protein.

The authors' previously published work (16)
examined VDBP gene polymorphisms using data
on blood 25(0OH) D albumin, and VDBP
concentrations of 51 people.

Statistical Analysis: A priori  power
analysis was conducted using G*Power 3.1.9.7 to
determine the appropriate sample size for this
study. The analysis was based on an expected effect
size of 0.5, an alpha level of 0.05, and a statistical
power of 95%. The results indicated that a
minimum of 34 participants was required to achieve
sufficient power. Since our study included 92
participants, we ensured adequate statistical power
to detect significant effects.

The presentation of all the data was as mean
+ standard deviation. Kolmogorov-Smirnov
distance test was used to test the normality of all in-
group variables. The numerical variables were
compared to a normal distribution using an
unpaired t-test with Welch correction. The
correlation between 25-OH-Vit D, and 25-OH-Vit
D; levels was assessed using Spearman’s rank
correlation coefficient due to the non-parametric
nature of the data distribution. Statistical
significance was defined as P<0.05. For all
statistical analyses, GraphPad InStat ver. 3.06
(USA) was used.

RESULTS

Patient Characteristics: Ninety-two people
had a mean age of 37.28 £ 15.23. Among the
patients, 58.7% were female and 41.3% were male.
Although there was a substantially greater 25(0OH)
D; in females compared to men, the mean
concentration of total 25(0OH) D3, 25(0OH)D,, and
25(0OH) D3 as determined by LC-MS and free
vitamin D did not differ significantly across
genders (Table 1). Compared to males (17 ng/mL),
women had mean 25(0OH) D3 concentrations of 22
ng/mL, which suggests that women had greater
amounts of vitamin Dz;. Men and women have
similar free vitamin D levels (pg/mL), indicating
that while women have greater total 25(OH) Ds,
there is no discernible difference in free vitamin D
levels between the sexes. Females show
significantly higher levels of both 25(OH) D3 and
free vitamin D compared to males. This suggests
that women in the sample have greater amounts of
bioavailable (free) vitamin D in addition to having
higher total vitamin Dj levels.

Table 1. Vitamin D metabolite levels of healthy individuals according to the gender

Total (n =92) Male (n = 38) Female (54) P value
Total 25(0H)D5 (ng/ml) 19.45 + 13.08 16.78 = 8.19 21.02 + 15.83 0.413
25(0OH)D, (ng/ml) 2.95 +0.46 3.00 + 0.50 2.90 + 0.42 0.375
25(0OH)D3 (ng/ml)* 18.74+11.85 15.98 +8.77 20.85 + 13.54 0.054
Free vitamin D (pg/ml) 3.89+245 3.24+1.83 4.17+£2.56 0.130

*measured by LC-MS/MS

Comparison of Vitamin D Metabolites:
Among the total participants, 54% had blood levels
of total 25(OH) D3 below 20 ng/mL, which led to a
diagnosis of vitamin D insufficiency. Subjects with

total 25(0OH) Ds levels equal to or greater than 20
ng/mL  had  significantly  higher mean
concentrations of 25(0OH) D5 (measured by LC-MS)
and free vitamin D compared to those with levels
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below 20 ng/mL (P < 0.001). However, there was
no significant difference in the mean serum
concentration of 25(0OH) D, between the two

groups, based on the criteria for vitamin D
deficiency (Table 2).

Table 2. Vitamin D metabolite levels of healthy individuals compared with the total 25- Hydroxyvitamin Dj

levels
Total 25(0OH)D; Total 25(OH)Dz> P value
<20ng/ml (n = 50) 20ng/ml (n = 42)
25(0OH)D, (ng/ml) 2.91+0.48 2.99+£0.44 0.266
25(0OH)D3 (ng/ml)* 10.63 +5.36 28.40 +10.07 <0.001
Free vitamin D (pg/ml) 2.29+1.31 5.82+2.08 <0.001

*measured by LC-MS/MS

Additionally, 30.4% of all participants had
free vitamin D levels under 2 pg/mL. Individuals
with serum free vitamin D levels of 2 pg/mL or
higher showed significantly  higher mean
concentrations of both total 25(OH) D; and 25(0OH)
D, compared to those with free vitamin D levels

below 2 pg/mL (P < 0.001), as determined by LC-
MS. Nevertheless, no significant differences were
observed in the mean serum 25(OH)D, levels
across subjects when categorized by free vitamin D
levels (Table 3).

Table 3. Vitamin D metabolite levels of healthy individuals compared with the free vitamin D levels

Free vitamin D

Free vitamin D

< 2 pg/ml >2 pg/ml P value
(n=28) (n =64)
Total 25(OH)D3 (ng/ml) 7.50+2.59 23.75+13.0 <0.001
25(OH)D, (ng/ml) 2.93+£0.41 2.94 +£0.40 0.902
25(OH)Ds (ng/ml)* 6.18 £2.88 23.41+£10.80 <0.001

*measured by LC-MS/MS

The scatter plot analysis demonstrates the
relationship between serum 25-OH-Vit D, and 25-
OH-Vit D; levels. The Spearman correlation
coefficient (r= 0,03062) was calculated as (p=
0,7695), indicating a weak correlation between the
two variables (Figure 1). The trendline with
confidence intervals suggests that higher levels of
25-OH-Vit D; are not strongly associated with
variations in 25-OH-Vit D, levels.

0 20 40 60 80
25-OH-Vit D3
(ng/ml)

Figure 1. Scatter plot showing the correlation
between serum 25-hydroxyvitamin D, (25-OH-Vit

D,) and 25-hydroxyvitamin D3 (25-OH-Vit Ds)
levels. Each dot represents an individual patient
sample. The correlation was assessed using
Spearman’s rank correlation coefficient (r =
0,03062, p = 0,7695). The dotted lines indicate the
confidence interval of the regression trendline.

DISCUSSION

Serum total 25(OH)D is a widely used
biomarker to assess vitamin D reserves and
estimate human vitamin D status as it detects both
forms of 25(OH)D, and 25(OH) D3 (16). We
looked into the relationship between the levels of
25(0OH)D, and of free vitamin D and vitamin D
insufficiency in a healthy Turkish population since
the type of vitamin D (D, or D3) might impact the
dosage response of 25(0OH) D; to vitamin Ds. The
mean concentration of 25(OH) D, in serum did not
differ among individuals according to Vitamin D
deficiency criteria and to concentration of free
vitamin D, and therefore does not directly indicate
vitamin D deficiency. However, the mean
concentration of 25(OH) D3 measured by LC-MS
and free vitamin D affects the total 25(OH) Ds
concentration measured by automated systems and
may indicate vitamin D deficiency. These findings
may point to gender-specific variations in vitamin
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D exposure or metabolism, such as variations in
vitamin D binding proteins or increased sun
exposure (Table 1).

Over the previous 20 years, a number of
sensitive and focused commercial tests have been
created (16). The variations in the cross-reactivity
of antibodies with epimers and/or metabolites, as
well as the processes of vitamin D extraction,
deproteinization, and purification, account for the
variations among these tests. Even with these
technological advancements, measuring 25(0OH) D3
concentration precisely and accurately remains
difficult due to the presence of various hydrophobic
vitamin D metabolites and fluctuating ratios of
25(0H) D, to 25(OH) Dj in the bloodstream. These
metabolites also have low free quantities in serum
due to their ability to bind to lipids, albumins, and
vitamin D binding protein (VDBP). Therefore, the
challenges are attributable to the accuracy and
sensitivity of assays which might result in
discrepancies across different testing
methodologies. Of these methods, automated
immunoassays account for 90% of routine
25(0OH)D testing because of their low manual labor
requirements, high throughput, and automated
sample handling (20). All immunoassays should
assess D, and Dz metabolites similarly (with
equimolar reactivity), although detection of 25(OH)
D, and 25(0OH) D; largely depends on the antibody
specificity. Immunoassays that are capable of
detecting 25(OH) D, are unable to distinguish it
from 25(OH) D; (21). Because it is significantly
more sensitive than automated methods but also
more costly, isotope-dilution LC-MS/MS is now
the gold standard for 25(OH) D testing (22). In the
current investigation, we additionally assessed
25(0OH) D; using LC-MS/MS and compared the
results with the overall levels of 25(0OH) D;
determined by automated CMIA. The results
demonstrate that there was consistency in the
25(0OH) Dj; levels across the two techniques of
assessment.

Several studies have demonstrated that
vitamin D, in equimolar doses is less effective at
increasing blood 25(0OH) D; levels compared to
vitamin D3 (23-25). Additionally, research suggests
that vitamin Ds; metabolites exhibit a stronger
affinity for VDBP and interact differently with the
vitamin D receptor compared to vitamin D,
metabolites. Furthermore, the 25-hydroxylation rate
of vitamin Dy is higher than that of vitamin D, (26).
Although the majority of commercially available
vitamin D supplements are in the D3 form, vitamin
D, is still present in certain dietary sources and
fortified foods. As a result, individuals may have
varying contributions of 25(OH)D, to their total
vitamin D levels, depending on their dietary intake
and metabolism. Furthermore, evaluating both
25(0OH)D; and 25(0OH)D, provides a more
comprehensive understanding of vitamin D
metabolism. Previous studies have primarily

focused on total 25(OH)D; levels, overlooking the
potential role of 25(OH)D, in maintaining overall
vitamin D status (27-29). Given these
considerations, this study aims to explore the
presence and significance of 25(OH)D, in healthy
individuals, contributing to a more detailed
assessment of vitamin D homeostasis across
different populations. One possible reason for the
higher production of 25(OH)D; over 25(OH)D,
could be the increased hydroxylation efficiency of
vitamin Da. In our current study, 25(OH)Ds, rather
than 25(0H) D, seems to be the primary
contributor to overall 25(OH)D; levels. A possible
explanation for the difference between 25(0OH)D,
and 25(0OH)D3; may be the lower affinity of vitamin
D, metabolites for VDBP, resulting in a shorter
half-life and quicker clearance from the
bloodstream (30). Additionally, it has been shown
that 1,25(0OH),D, undergoes a more rapid
inactivation phase during 24-hydroxylation,
whereas 1,25,24(0OH)3;D; requires further steps for
deactivation. These findings suggest that 25(0OH)D3
remains physiologically active for a longer period,
thereby playing a direct role in sustaining vitamin D
levels (3). Research by Shieh et al. comparing high
doses of vitamin D, and D3 found that vitamin Ds
increased both total and free 25(OH)D levels more
effectively than vitamin D, (13). Our results, based
on 25(0H)D; levels measured by LC-MS and free
vitamin D levels calculated using the Bikle method,
align with the literature and point to vitamin D
deficiency, rather than low 25(OH)D, levels, as the
likely issue. Moreover, 25(OH)D; and free vitamin
D appear to be better markers of vitamin D
bioactivity than 25(OH)D,, making them the more
reliable indicators of physiological vitamin D
sufficiency. In our Turkish research population, we
also discovered that females had greater levels of
25(0OH)D; than males. Similar results have also
been noted in Indian (31), and Norwegian (32)
sample populations, but not in Saudi (33)
populations, despite the anthropometric, ethnic, and
geographic disparities in the populations. These
findings may reflect physiological differences
between males and females, such as variations in
PTH levels, or cultural factors, like differences in
sun exposure, or possibly a combination of both.
Previous studies have indicated that variations in
total 25(OH)D levels and VDBP gene
polymorphisms may account for the differences in
free and bioavailable 25(OH)D levels among
healthy Turkish individuals. This points to the
significant role of genetic factors in influencing
vitamin D metabolite levels (16). 25(OH)Ds,
25(0OH)D, and free vitamin D levels were compared
between vitamin D deficient and non-deficient
groups. It is generally observed that the deficient
group exhibited significantly lower 25(OH)D;
levels and lower free vitamin D levels, possibly in
combination with 25(OH)D, (Table 2). Conversely,
the non-deficient group presents higher levels of
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these metabolites, particularly 25(OH)Ds, reflecting
normal vitamin D status. This underscores the role
of vitamin D in maintaining overall health and
suggests that 25(OH)D; is the key form linked to
sufficient vitamin D levels.

Our study has some limitations. First, the
sample size was relatively small. Second, although
50 participants had total 25(OH)D; levels below 20
ng/mL, indicating a considerable proportion of
subjects with lower total 25D levels, the sample
may not fully represent broader trends. Third, this
study did not include a follow-up after vitamin D
supplementation, which could have provided
additional insights into distinguishing vitamin D
deficiency. Additionally, the healthy participants
were not severely deficient in vitamin D.

CONCLUSION

Despite these limitations, the study provides
valuable insights into comparing free vitamin D and
25(0OH)D, levels with 25(0OH) Dj levels in healthy
Turkish individuals. Our findings indicate that
25(OH)D; and free vitamin D play a more

significant role in determining vitamin D metabolite
levels than 25(OH)D,. Further research is necessary
to explore whether variations in vitamin D
metabolite levels are linked to specific vitamin D
dosages and supplements, and to better understand
the influence of dietary, sex, ethnic, and endocrine
factors—such as PTH-—on these physiological
interactions.
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ABSTRACT

Objective: To determine the gene patterns causing antibiotic resistance in M.
tuberculosis complex (MTBC) strains using molecular methods.

Methods: Nineteen rifampicin-resistant MTBC strains isolated between 2004 and 2021
were included. The species of these strains with MTBC genotype and the gene pattern
causing rifampicin resistance with MTBDR plus genotype were analysed.

Results: Nineteen of the isolates were identified as M. tuberculosis/canetti by the
MTBC genotype method. Seven of these isolates were genotypically resistant to
rifampicin. One of the resistant isolates had deletion in WT8 and WT6 bands, one had
deletion in WT8 band, one had deletion in WT7 band and rpoBMUT2A mutation, and
four had deletion in WT8 band and rpoBMUT3 mutation. Seven of the resistant isolates
were genotypically INH resistant. Five of them had katGMUT1 mutation with deletion
in katGWT band and two of them had only INH AMUT3B mutation. Of the 10
multidrug-resistant MTBC isolates, nine were genotypically resistant to none of the
second-generation drugs using the GenoType MTBDR sl ver 2.0 method. However,
one isolate could not be evaluated with this assay.

Conclusions: The presence of MDR-TB and RR-TB is an important challenge
especially in TB control, which increases the need for molecular methods. Although it
still has not replaced culture, there is a need for the use and development of new
molecular methods that will benefit us in TB treatment and control.

Keywords: Drug Resistance, Mycobacterium tuberculosis Complex, Multi-Drug
Resistance Tuberculosis.

Diizce Universitesi'nde 2004-2021 Yillar1 Arasinda Izole Edilen
Rifampisin Direngli Mycobacterium tuberculosis Kompleks
Suslarinda izoniazid, Rifampisin ve Ikinci Nesil Antibiyotik

Diren¢ Genlerinin Arastirilmasi

OZET

Amag: M. tuberculosis complex (MTBC) suslarinda antibiyotik direncine neden olan
gen paternlerini molekiiler yontemlerle belirlemek.

Yontem: 2004-2021 yillar1 arasinda izole edilen rifampisine direngli on dokuz MTBC
susu caligmaya dahil edilmistir. Bu suslarin MTBC genotipine sahip tiirleri ve
MTBDRplus genotipi ile rifampisin direncine neden olan gen paterni analiz edildi.
Bulgular: izolatlarin on dokuzu MTBC genotip yontemi ile M. tuberculosis/canetti
olarak tanimlanmistir. Bunlardan yedisi genotipik olarak rifampisine direngliydi.
Direngli izolatlardan birinde WT8 ve WT6 bantlarinda delesyon, birinde WTS8
bandinda delesyon, birinde WT7 bandinda delesyon ve rpoBMUT2A mutasyonu ve
dordiinde WT8 bandinda delesyon ve rpoBMUT3 mutasyonu vardi. Direngli izolatlarin
yedisi genotipik olarak INH direngliydi. Bunlarin besinde katGWT bandinda delesyon
ile katGMUT1 mutasyonu ve ikisinde sadece inh AMUT3B mutasyonu. Cok ilaca
diren¢li 10 MTBC izolatindan dokuzu GenoType MTBDR sl ver 2.0 ydntemi
kullanilarak ikinci nesil ilaglarin higbirine genotipik olarak direngli bulunmamistir. Bir
izolat bu test ile degerlendirilememistir.

Sonuc: CID-TB ve RR-TB varlig1 6zellikle TB kontroliinde énemli bir zorluktur ve bu
durum molekiiler yontemlere olan ihtiyaci artirmaktadir. Halen kiiltiiriin yerini almamis
olsa da, TB tedavisi ve kontroliinde bize fayda saglayacak yeni molekiiler yontemlerin
kullanilmasina ve gelistirilmesine ihtiyag vardir.

Anahtar Kelimeler: ilag Direnci, Mycobacterium tuberculosis Kompleksi, Coklu flaca
Direngli Tiiberkiiloz
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INTRODUCTION

Tuberculosis (TB), caused by
Mycobacterium tuberculosis complex (MTBC), is
the most common infectious disease causing death
with an annual mortality rate of 1.5 million deaths
worldwide. Although the global incidence of TB
has been on a downward trend since 2000, the
emergence and spread of drug-resistant TB strains
has significantly impacted efforts to control and
eradicate the disease (1). The World Health
Organisation has reported an estimated half a
million cases of MDR-TB in recent years, of which
8.5% were MDR-TB (2). Currently, the advent of
multidrug resistance (MDR) is a major burden on
the global tuberculosis control program. The spread
of MTB-MDR s rising throughout the world in
both fresh tuberculosis cases and patients cured of
MTB with the commonly used drugs (RIF and
INH). RIF-resistance (>90% cases) in MTB-
infected patients have been classified as a main
biomarker for drug resistance detection (3).

Early detection of MTBC isolates and
accurate drug susceptibility testing (DST) are vital
to prevent transmission of MDR-TB strains. Due to
the long duration of DST with culture-based
methods, various probe-based and sequence
analysis-based molecular methods have been
developed today to provide results in a short time
and with high accuracy and to detect the mutation
associated with resistance. Probe-based methods
include GeneXpert MTB/RIF test (Cepheid, USA)
using molecular probes and MTBDRplus and
MTBDR sl (Hain LifeScience GmbH, Germany)
using line probes (1). Sequence analysis based
methods include Sanger sequencing,
pyrosequencing and next generation sequencing.
Sequence analysis-based methods are used to obtain
the sequences of wild-type isolates or mutants,
while probe-based methods are used to detect the
presence of mutations (4).

The GenoType MTBDRplus test, based on
PCR-based reverse hybridisation, is one of the most
widely used commercial molecular tests (5). While
this test detects MTBC species and RIF and INH
resistance, the GenoType MTBDR sl test can detect
resistance to secondary drugs as well as MTBC.

The Mycobacterium tuberculosis complex is
a group of Mycobacteria that comprises of M.
tuberculosis, M. africanum, M. bovis, M. caprae,
M. canettii, M. africanum, M. microti, M. pinnipedii
and M. caprae. Additionally, two novel species (M.
oris and M. mungi) are also referred to as MTBC
(6). GenoType MTBC test (Hain LifeScience
GmbH, Germany) is a molecular method based on
reverse hybridisation for typing MTBC members. It
is the oldest and probably the most widely used
molecular test to differentiate the causative agents
of tuberculosis (7).

MATERIAL AND METHODS

This study was carried out with the approval
of Diizce University Faculty of Medicine, Non-

Interventional Health Research Ethics Committee
with the decision dated 18.10.2021.

In our study, resistant strains selected among
854 MTBC isolates isolated from various clinics
between 2004 and 2021 at the Tuberculosis Unit of
the Medical Microbiology Laboratory of Diizce
University Health Application and Research Centre
were included.

Culture and species identification of the
isolates were performed according to standard
mycobacteriological procedures. Anti-TB drug
susceptibilities of the isolates were performed on a
BACTEC MGIT 320 (Becton Dickinson, USA)
according to the standard procedure recommended
by the manufacturer. Drug concentrations include
streptomycin (SM) 1.0 pg/mL, INH 0.1 pg/mL, RIF
1.0 pg/mL and 5.0 pg/mL for EMB. All strains
were sub-cultured in skimmed milk stock medium
and stored at -20 °C until molecular studies were
performed. Positive MGIT tubes with simultaneous
growth were stored at +4 °C (1,4-5).

In order to revitalise the strains before the
commencement of the study, LJ medium was
inoculated from the stored positive MGIT bottles
and stock media and incubated at 37 °C. Equivalent
MGIT liquid medium  was inoculated
simultaneously and placed in the BACTEC MGIT
320 device. Weekly growth controls were
performed. DNA isolation for PCR was performed
for the isolates in which growth was observed (1,4).

MTBC subspecies determination was
performed by GenoType MTBC (Hain LifeScience
GmbH, Germany) test and rpoB gene mutation for
RIF resistance, katG gene for high level INH
resistance, promoter region of inhA gene for low
level INH resistance were analysed by GenoType
MTBDRplus (Hain LifeScience GmbH, Germany)
test. In addition, the molecular resistance pattern
against second-line fluoroquinolones (FLQ) (gyrA
and gyrB genes) and second-line injectable drugs
(SLID) (rrs and eis genes) was investigated in 10
MDR-TB isolates by GenoType MTBDR sl VER
2.0 (Hain LifeScience GmbH, Germany) (7).

Statistical Analyses: IBM SPSS 22.0
package programme was used for statistical
analysis of the data. The relationships between
categorical variables were analysed using Chi-
square and Fisher's Exact tests. p<0.05 was
considered statistically significant.

RESULTS

Of the 854 MTBC strains phenotypically
tested for antibiotic susceptibility, 24 (2.8%) were
found to be RIF resistant. Of these strains, 14
(1.6%) were determined to be MDR-TB with
combined RIF+INH resistance. Three of the 24
rifampicin-resistant MTBC strains could not be
resuscitated by passages and 21 of them were
included in the study.

Of the 21 patients with phenotypic
rifampicin resistance, 7 (33.3%) were female and
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14 (66.7%) were male with a mean age of
45.0+17.1 years (Table 1).

Table 1. Demographic characteristics of patients
from whom rifampicin-resistant MTBC strains
were isolated

Cinsiyet n %
Female 7 33.3
Male 14 66,7
Total 21 100
When the distribution of the isolates

included in the study was analysed according to the

2007 2009 2010

Year

years, MDR-TB was not detected in eight of the
eighteen years. Of the MDR-TB isolates, 2 (9.5%)
each were isolated in 2007, 2010, 2011, 2012,
2014, 2021; 4 (19%) in 2009 and 5 (23.8%) in
2016. Although there was no statistical difference
between the years, the highest number of resistant
strains was found in 2016 (p=0.066) (Figure 1).

Twelve (57.1%) of the rifampicin-resistant
MTBC isolates were positive by EZN staining,
while nine (42.9%) were negative by EZN staining
(Figure 2).

S
4
2 I 2 2 2 2 | 2
0 l I I I | I

2011

2012 2014 2016 2021

Figure 1. Distribution of rifampicin-resistant MTBC strains according to years.

EZN

B Pozitif m Negatif

Figure 2. EZN positivity of rifampicin-resistant
MTBC strains.

f the 21 rifampicin-resistant MTBC isolates,
nine (42.9%) were resistant to streptomycin (SM)
and seven (33.3%) were resistant to ethambutol
(EMB). While nine (42.9%) of the isolates were
resistant to RIF alone (RR-TB), 12 (57.1%) were
MDR-TB with RIF+INH co-resistance. There was
no significant difference between RIF and INH co-
resistance and the others (p=0,482). (Table 2).

Table 2. Drug susceptibility results of rifampicin
resistant MTBC strains by MGIT SIRE method.

Anti-TB Drug Resistance

(n=21) - % p
RIF+SM * 9 42.9
RIF+EMB** 7 333  p=0.482
RIF only 9 42.9

RIF+INH 12 57.1

*RIF+SM: Rifampicin +Sreptomycin,
**RIF+EMB: Rifampicin+ Ethambutol

Genotypic  drug  susceptibilities  of
phenotypically RIF 21 resistant MTBC isolates
were investigated by GenoType MTBDRplus
method. However, two isolates were excluded from
the study because they did not meet the evaluation
criteria of this test (Figure 3).

When the genotypic resistance status of 19
isolates detected with the Genotype MTBDRplus
kit was evaluated, genotypic RIF resistance was
detected in seven of the isolates (36.8%). In four of
these resistant isolates (57.1%), deletion in the
WT8 region and rpoBMUT3 mutation were found
together. In the other isolates, one (14.3%) had
deletion in WT8 and WT6 bands and one (14.3%)
had deletion in WT8 band. In one (14.3%) isolate,
deletion in WT7 band and rpoB MUT2A mutation
were observed together.
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Figure 3. GenoType MTBDR plus test results

Seven (36.8%) of the 19 isolates were
genotypically resistant to INH by Genotype
MTBDRplus kit, while 12 (63.2%) were
susceptible. Five (71.4%) of the resistant patients

Table 3. Genotype MTBDRplus test results
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had katG WT band deletion and katGMUT1
mutation together and two (28.6%) had inhA
MUT3B mutation (Table 3).

MTBDR drug name/Resistance gene-mutation site Number %
Resistant 7 36.8
Genotype MTBDRplus-RIF
Sensitive 12 63.2
WT8/WT6 1 14.3
WT8 1 14.3
Pozitive WT band WT7/ rpoBMUT2A 1 14.3
WT8/ rpoBMUT3 4 57.1
Resistant 7 36.8
Genotype MTBDRplus-INH
Sensitive 12 63.2
katGWT/ katGMUT1 5 71.4
Pozitive WT band
mhAMUT3B 2 28.6

Eight of the 19 isolates detected with the
Genotype MTBDRplus kit were identified as RR-
TB and 11 as MDR-TB. Genotypic RIF resistance
was detected in 25% (2/8) of RR-TB isolates with
Genotype MTBDRplus kit. Moreover, RIF
resistance was genotypically detected in 45.5%
(5/11) of MDR-TB isolates by Genotype
MTBDRplus kit.

While 12.5% (1/8) of RR-TB isolates were
phenotypically INH resistant, genotypically INH
resistance  was detected with  GenoType

MTBDRplus kit. Genotypic INH resistance was
observed in 54.5% (6/11) of MDR-TB isolates. No
significant difference was observed between the
presence of RIF and INH resistance in terms of test
results (p>0.05) (Table 4).

Nine of the 10 MDR-TB isolates evaluated
were genotypically resistant to none of the second
generation drugs by Genotype MTBDR sl ver 2.0
method. One of these isolates could not be
interpreted because it did not meet the evaluation
criteria of this test (Figure 4).
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Table 4. Comparison of genotypic RIF and INH resistance in RR-TB and MDR-TB isolates

Genotypic Susceptibility RR-TB MDR-TB
Profiles n % n % p*
Genotype MTBDRplus-RIF Resistant 2 25 5 455 0.633
Sensitive 6 75 6 54.5
WT8/WT6 - - 1 20
Pozitive WT band wg /rpoBMUT2A (1J 5(2'0 (1J 200 0.714
WT8/ rpoBMUT3 1 50 3 60
Genotype MTBDRplus-INH g:s::?\?; % g:g g Zg:g 0.147
. katGWT/katGMUT1 1 100 4 66.7
Pozitive WT band nhAMUT3B N N 2 33.3 0.495

*Chi-square analysis was performed
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When 21 rifampicin-resistant isolates were
evaluated by Genotype MTBC method, 19 (90.4%)
were found to be M. tuberculosis/canetti. However,
two of them could not be evaluated because they
did not meet the interpretation criteria of this test
(Figure 5).

DISCUSSION

According to the WHO data, it is estimated
that approximately 440,000 RR-TB/MDR-TB cases
and 25,000 MDR-TB cases occur annually and
150,000 MDR-TB cases die each year (8).
Similarly, the Turkish Tuberculosis Control Report
stated that the rate of MDR-TB was 2.6% in new
cases and 9.9% in previously treated cases. In the
same report, eight (4.5%) of 176 MDR-TB cases in
2018 were identified as MDR-TB cases (9). In a
study conducted by Kumar et al. (10) including 164
MTBC isolates, 13.4% of the strains were found to
have MDR-TB. Similarly, Yazict et al.(11) at
Akdeniz University reported that 68 (6.9%) of 974
MTBC isolates were MDR-TB. In a study
conducted by Yilmaz et al.(12) in Erzurum, where
419 MTBC isolates were evaluated, the rate of
MDR-TB was found to be 3.6% and their results
were within the average of Turkey. In our study, 14
(1.6%) of 854 MTBC isolates were found to have
MDR-TB. It was observed that the rate of MDR-TB
was lower in our region compared to the data in the
world and in our country.

Tuberculosis is generally more common in
males (8). Liu et al.(13) analysed 139 MDR-TB
cases in China and found that 99 (71.4%) were
male, 40 (28.6%) were female and the mean age
was 51 years. Soeroto et al.(14) analysed 492 cases
in a study conducted in Indonesia, where the
prevalence of MDR-TB is high, and found that
MDR-TB was more common in patients aged <45
years. In a study conducted by Apoorva et al.(15),
which included 452 MTBC specimens, 283 of the
patients were male (62.3%) and 169 were female
(37.2%) and 42.1% were in the 40-59 age group. Of
the 12 MDR-TB strains detected in our study, four
(33.3%) were female and eight (66.7%) were male
patients and the mean age was 43 years. When the
data we determined and the literature were
evaluated together, it was determined that the age of
MDR-TB incidence in our study was similar to the
literature and it was more common in males.

Rifampicin is an important first-line anti-TB
drug. RIF resistance is an important factor in
determining the treatment regimen and prognosis of
TB. Therefore, more attention has been paid to the
mechanisms  of rifampicin  resistance  (16).
Mutations related to RIF resistance are mostly
located in the rifampicin resistance determining
region (RRDR) of the rpoB gene. This makes RIF
more advantageous than other drugs in the
application of genotypic-based drug susceptibility
testing. Mutations related to RIF resistance are
mostly mutations in codons 516, 526 and 531 of the

rpoB gene. In a multicentre study conducted by
Campbell et al.(17) with 314 clinical samples,
mutations in the rpoB gene region were detected in
97% of 174 strains known to be phenotypically RIF
resistant. The detected mutations were found
between codons 507-533 defined as the RRDR
region (17). In a study conducted by Javed et
al.(18) on 53 MDR-TB strains in Pakistan using
Genotype MTBDRplus test, 42 (79.2%) isolates
were genotypically RIF resistant. Among these, the
most common mutation was found to be S531L
pattern with rpoMUT3 mutation in 34 (64.1%)
isolates. Of these 34 isolates, 32 (60.3%) had
deletion in the WT8 band, one (1.8%) had deletion
in the WT3/WT4 bands and one (1.8%) had
deletion in all WT bands. Additionally, five (9.4%)
of the other isolates showed rpoMUT1 mutation
with WT3/WT4 band deletion. WT7 band deletion
was found in two (3.7%) isolates. One (1.8%)
isolate showed different mutation patterns with
deletion in WT5/WT6 band. In the study of Kumar
et al. (19) involving 442 RR-TB isolates,
MTBDRplus rifampicin resistance was found to be
highest in the combination of both WT8 and MUT3
with 60.6%, and this was shown to include the 530-
533 codon. Saglam et al.(20) at Uludag University
reported 11 (84.6%) of 13 phenotypically RIF
resistant strains had mutations in the rpoB gene.
They further highlighted that three of these isolates
had WT5 band deletion in the rpoB gene region and
two of these three isolates had S531L gene pattern
with both WT5 band deletion and rpoB MUT3
mutation, while the other three isolates had rpoB
WT2 band deletion.

In our study, seven (36.8%) of 19
phenotypically RIF resistant isolates were
genotypically RIF  resistant by  Genotype
MTBDRplus test. Deletion in the WT8 band region
was detected in six (85.7%) of these isolates. Four
of these isolates (57.1%) had a mutation in the rpoB
MUT3 gene region and were found to have the
S531L gene pattern at codon 530-533. In one
(14.2%) isolate, deletion of the WT6 band was
observed together with WT8. In one (14.2%) of the
seven isolates in which RIF resistance was
genotypically determined, a mutation was observed
in the rpoB MUT2A gene region with deletion in
the WT7 band, and this isolate had the H526Y gene
pattern at codon 526-529. When compared with
various studies conducted in our country and in the
world, the RIF resistance found in our study was
genotypically lower. The fact that the resistance we
found was most frequently detected in the S531L
region was considered to be compatible with the
literature.

Additionally, genotypic RIF resistance was
observed in five (50%) of 10 MDR-TB isolates in
this study. Genotypic resistance was observed in
two (22.2%) of the nine isolates with phenotypic
RIF resistance alone. This suggests that genotypic
RIF resistance in MDR-TB isolates may be more
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likely to develop due to gene mutation compared to
isolates with RIF resistance alone.

The proportion of isoniazid-resistant TB
cases is increasing globally. Mutations in the katG
gene play a very prominent role in mediating INH
resistance (21). The most common S315T
resistance pattern has been reported to be associated
with moderate or high levels of resistance to INH
(22). A strong correlation between this mutation
and the transmission dynamics of MDR-TB and
MDR-TB has been previously reported (23). In a
recent systemic review on INH resistance, it was
shown that 64% and 19% of all INH resistance was
associated with katG 315 and inhA-15 mutations,
respectively (24). In a study conducted by Javed et
al.(18) on 53 MDR-TB isolates phenotypically
using Genotype MTBDRplus method in Pakistan,
38 (71.7%) isolates were genotypically INH
resistant. In all but one of these isolates (37/53;
69.8%), S315T gene pattern was detected in the
katG gene, and in 21 (39.6%) of these, WT band
deletion was additionally reported. In the same
study, four (7.5%) isolates were found to have
mutations in the inhA promoter, and two different
resistance patterns were detected: C-15T (MUT1-
WT) in three (5.6%) and C-15T and T-8C (MUT1-
MUT3A) in one (1.9%). In the study of Kumar et
al.(25) involving 442 RR-TB isolates, 11.7% had
inh A resistance pattern while 90% had fold G
resistance pattern and the most common mutation
for fold G was shown as Mutl mutation and WT
deletion in which point mutations occurred at codon
315. In our study, INH resistance patterns were
evaluated in 19 phenotypically resistant RR-TB
isolates and 10 MDR-TB isolates by Genotype
MTBDRplus method. Six of 10 MDR-TB isolates
(60%) were genotypically INH resistant. Four of
them (40%) had S315T1 gene pattern showing
deletion in katG WT band and katG MUT1 gene
mutation. Two of the isolates (20%) had T8-A gene
pattern with INHA-MUT3B gene mutation. INH
resistance was detected genotypically in the katG
gene region in a strain that was not phenotypically
INH resistant. In our study, the rates of both
phenotypic and genotypic INH resistance in MDR-
TB strains and the fact that genotypic resistance
was mostly seen as S315T1 pattern were evaluated
in accordance with the literature. In our study,
although there was no phenotypic resistance in one
strain, genotypic resistance pattern was observed,
which is important in terms of showing the
incompatibility between the two tests.

Conventional DST for extensively drug-
resistant MTBC strains is performed sequentially.
This is a long and laborious two-step procedure
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Artificial Intelligence  in  Patient ~ Communication:
Performance of GPT-3.5 and GPT-4 in Coronary Bypass

Surgery

ABSTRACT

Objective: This study aims to evaluate the ability of GPT-3.5 and GPT-4 to provide
accurate, comprehensible, and clinically relevant responses to common patient
questions about coronary bypass surgery.

Methods: A cross-sectional study was conducted at Ankara Yildinm Beyazit
University Bilkent City Hospital with 80 cardiovascular surgery specialists.
Participants rated the responses of GPT-3.5 and GPT-4 to 10 common patient questions
about coronary bypass surgery based on four criteria; accuracy, understandability,
clinical appropriateness, and overall evaluation. Statistical analysis included
independent t-tests, Cronbach’s Alpha reliability analysis, and Cohen’s d effect size
calculation.

Results: GPT-4 significantly outperformed GPT-3.5 across all metrics. The mean
scores for GPT-4 were higher in accuracy (3.02 vs. 1.77), understandability (2.99 vs.
1.81), clinical appropriateness (2.96 vs. 1.78), and overall evaluation (2.98 vs. 1.77)
(p<0.05 for all). Cronbach's Alpha values indicated good internal consistency (>0.69
for all metrics), and Cohen’s d effect sizes demonstrated large differences (1.54 to
1.65).

Conclusions: GPT-4 shows superior potential compared to GPT-3.5 in answering
patient questions about coronary bypass surgery. Despite its strengths, occasional
inaccuracies and incomplete responses highlight the need for further refinement. Future
research should integrate patient feedback and evaluate the real-world clinical impact of
these models to optimize their application in healthcare.

Keywords: Coronary Bypass Surgery, Artificial Intelligence, GPT-3.5, GPT-4, Patient
Communication.

Hasta Iletisiminde Yapay Zeka: Koroner Bypass Cerrahisinde

GPT-3.5 ve GPT-4'iin Performansi

OZET

Amac: Bu galisma, GPT-3.5 ve GPT-4'lin koroner bypass cerrahisiyle ilgili yaygin
hasta sorularma dogru, anlasilir ve klinik olarak uygun yanitlar verme yetenegini
degerlendirmeyi amaglamaktadir.

Yéntem: Ankara Yildirim Beyazit Universitesi Bilkent Sehir Hastanesi'nde 80 kalp ve
damar cerrahisi uzman ile kesitsel bir ¢alisma yiiriitiilmiistiir. Katilimcilar GPT-3.5 ve
GPT-4'lin koroner bypass cerrahisi ile ilgili 10 yaygin hasta sorusuna verdigi yanitlari
dort kritere gore degerlendirmistir: dogruluk, anlagilabilirlik, klinik uygunluk ve genel
degerlendirme. Istatistiksel analiz bagimsiz t-testlerini, Cronbach Alfa giivenilirlik
analizini ve Cohen's d etki biiyilikliigii hesaplamasini igermektedir.

Bulgular: GPT-4 tiim o6lciitlerde GPT-3.5'ten 6nemli olgiide daha iyi performans
gostermistir. GPT-4 i¢in ortalama puanlar dogruluk (3,02'ye kars1 1,77), anlasilabilirlik
(2,99'a kars1 1,81), klinik uygunluk (2,96'ya kars1 1,78) ve genel degerlendirme (2,98'e
kars1 1,77) agisindan daha yiiksekti (tiimii i¢in p<0,05). Cronbach's Alpha degerleri iyi
bir i¢ tutarlilik (tim &lgiitler i¢in >0,69) ve Cohen's d etki biiyiikliikleri biiyiik
farkliliklar (1,54 ila 1,65) gostermistir.

Sonuc: GPT-4, koroner bypass cerrahisi ile ilgili hasta sorularin1 yanitlamada GPT-
3.5'e kiyasla tistiin potansiyel gostermektedir. Giiglii yonlerine ragmen, zaman zaman
ortaya ¢ikan yanligliklar ve eksik yanitlar daha fazla iyilestirme ihtiyacinin altim
cizmektedir. Gelecekteki arastirmalar, hasta geri bildirimlerini entegre etmeli ve
saglik hizmetlerinde uygulamalarimi optimize etmek i¢in bu modellerin gergek
diinyadaki klinik etkilerini degerlendirmelidir.

Anahtar Kelimeler: Koroner Bypass Cerrahisi, Yapay Zeka, GPT-3.5, GPT-4, Hasta
Iletisimi
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INTRODUCTION

Coronary artery disease is one of the leading
causes of cardiovascular morbidity and mortality
worldwide, contributing to millions of deaths each
year (1, 2). Coronary bypass surgery is one of the
most effective surgical treatment methods to ensure
adequate blood flow to the heart muscle by
replacing blocked or narrowed coronary vessels
with healthy vessels. However, this surgical
procedure carries serious risks and can cause
physical, psychological and social difficulties for
the patient. Therefore, answering patient questions
accurately and clearly before, during and after this
surgery is critical for patient satisfaction and
treatment success (3-5).

The rapid development of artificial
intelligence (Al) technologies has led to significant
changes in the field of healthcare. Al-based systems
such as big language models have been used in a
wide range of applications, from answering patient
questions to clinical decision support systems. For
example, GPT series models stand out as potential
tools to support healthcare professionals with their
text generation and natural language processing
capabilities (6-8). However, the performance of
these  systems in  terms of  accuracy,
comprehensibility and clinical relevance has not yet
been sufficiently investigated (9-11).

In the literature, there are various studies on
the use of big language models in healthcare. For
example, Wang et al. (2024) (12), in their study
examining the capacity of language models to
provide accurate answers to general patient
questions about surgical procedures, emphasized
that these models are particularly effective for
answers containing general health information.
However, the adaptability of model performances to
specific clinical domains is still unclear and studies
on this topic are limited (13-15). There is no study
evaluating the performance of large language
models for patient questions in coronary bypass
surgery. This emphasizes the originality of our
study and its contribution to the literature.

The aim of this study is to evaluate the
performance of GPT-3.5 and GPT-4 models in
answering patient questions about coronary bypass
surgery. In the study, the models were compared
according to the criteria of accuracy,
understandability and clinical relevance. This
evaluation, based on expert opinions, provides
important data to better understand the potential of
large language models in the field of patient
communication and clinical support and to
contribute to the development of these models.

MATERIAL AND METHODS

This is a cross-sectional study designed to
evaluate the performance of GPT-3.5 and GPT-4
models in responding to patient questions about
coronary bypass surgery. The study aims to
examine the potential of artificial intelligence
models in patient communication and clinical

decision support systems. The study was conducted
at Ankara Yildirim Beyazit University Bilkent City
Hospital Cardiovascular Surgery clinic and 80
Cardiovascular Surgery specialists with at least 5
years of professional experience and expertise in
coronary bypass surgery participated in the study.
Participants were academicians, clinicians, or
professionals working in both positions. Incomplete
or incorrectly completed forms and participants
with less than 5 years of professional experience
were excluded from the analysis. This study
received ethical approval from the Ankara Bilkent
City Hospital 1nd Clinical Research Ethics
Committee on 23.11.2024 with decision number
TABED 1-24-679. The study was reviewed for
ethical considerations and unanimously approved.

During the data collection process, the 10
most frequently asked questions about coronary
bypass surgery were determined and these
questions were sent to the participants via Google
Form. Participants rated the answers provided by
the GPT-3.5 and GPT-4 models according to four
main criteria: accuracy, which refers to the
scientific accuracy of the answer; understandability,
which refers to how easily the answer can be
understood by the patient; clinical relevance, which
refers to the validity of the answer in terms of
clinical practice; and overall score, which refers to
the overall evaluation of the answer. Each criterion
was scored using a Likert scale from 1 (inadequate)
to 5 (excellent). The list of common questions
asked by patients regarding coronary bypass
surgery is provided in Table 1. These questions
were utilized to assess the performance of the Al
models in providing accurate, understandable, and
clinically appropriate responses.

Statistical Analysis: Data for this study
were analyzed using IBM SPSS Statistics 29
software. During the data preparation and cleaning
phase, any records with missing, erroneous, or
outlier values were removed from the analysis.
Descriptive statistics were utilized to provide
fundamental information about the demographics
and professional experiences of the participants.
This included calculating the distribution of
categories and average years of professional
experience among participants. Independent t-tests
were conducted to evaluate the differences in mean
scores between the GPT-3.5 and GPT-4 models.
These tests determined whether the differences
were statistically significant, with all tests
maintaining a significance level of p<0.05.
Reliability —analysis was performed using
Cronbach's Alpha coefficient to assess the internal
consistency of the measurement tools. Cronbach's
Alpha values are interpreted as follows: values
below 0.7 indicate acceptable reliability, values
between 0.7 and 0.9 indicate good reliability, and
values above 0.9 indicate excellent reliability.
Effect size analysis was conducted using Cohen’s d
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to quantify the magnitude of differences between
the models on each metric. Cohen’s d values are
interpreted as follows: values of 0.2 or below

indicate small effects, values around 0.5 indicate
medium effects, and values of 0.8 or above indicate
large effects.

Table 1. Common Questions Asked by Patients Regarding Coronary Bypass Surgery

Question

Number Question

Is it absolutely necessary for me to have coronary bypass surgery? Are there alternative treatments?

Is this surgery generally successful? What complications might occur during or after the procedure?

What are the risks of coronary bypass surgery? Is there any life-threatening danger?

AW

How should | prepare before the surgery? What should | pay attention to?

body?

Where will you take the veins to replace the blocked arteries? Will it cause other problems in my

How is coronary bypass surgery performed, and how long does it take?

Is the heart connected to a machine during the surgery? Does this procedure have any harm?

Will | stay in intensive care after the surgery? How long will | remain in the hospital?

life?

How long will it take for me to recover after coronary bypass surgery? When can | return to my daily

10 Do I need to make lifestyle changes after the surgery? How should I continue my daily life?

RESULTS

According to Table 2, 33.75% of the
participants are academics, 40.00% are both
clinicians and academics, and 26.25% are solely
clinicians. The average Yyears of professional
experience are 13.7 for academics, 16.5 for
clinicians, and 12.9 for those who are both. This
diversity in professional backgrounds provides a
robust foundation for the comprehensive evaluation
of the Al models.

As shown in Table 3, the GPT-4 model
significantly outperforms GPT-3.5 across all

primary performance metrics, including accuracy,
understandability, clinical suitability, and overall
score. The statistical measures, including T-
statistics and P-values, indicate substantial
differences, suggesting the superior efficacy of the
GPT-4 model in handling clinical queries. Table 4
details the reliability of the evaluations, assessed
through Cronbach's Alpha. The values obtained
suggest high internal consistency across the
measurements, with all metrics showing alphas
above 0.70, indicating reliable assessments of the
models' performances

Table 2. Demographics and Professional Experience of Participants by Category

Category Count Percentage Average Years of Experience
Academics 27 33.75% 13.7 years
Both Clinician and Academic 32 40.00% 12.9 years
Clinicians 21 26.25% 16.5 years

Table 3. Comparative Performance of GPT-3.5 and GPT-4 Models on Key Performance Metrics

Metric GPT-3.5 Mean GPT-4 Mean T-Statistic P-Value
Accuracy 1.77 3.02 -9.97 <0.05
Understandability 1.81 2.99 -9.48 <0.05
Clinical Suitability 1.78 2.96 -11.14 <0.05
Overall Score 1.77 2.98 -10.57 <0.05

Table 4. Reliability Analysis Across Core
Performance Metrics

Metric Cronbach’s Alpha
Accuracy 0.72
Understandability 0.69
Clinical Suitability 0.74
Overall Score 0.71

In Table 5, the effect sizes (Cohen's d) are
presented, illustrating large effect sizes for all
considered metrics. These substantial effect sizes
highlight the practical significance of the
performance differences between the models, with
GPT-4 not only statistically outperforming GPT-3.5
but also showing considerable improvements that
are likely to be clinically relevant.
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Table 5. Effect Size Analysis Between Models
Across Principal Performance Metrics

Metric Cohen'sd
Accuracy 1.65
Understandability 1.56
Clinical Suitability 1.54
Overall Score 1.59

The comparative performance of GPT-3.5
and GPT-4 models on key performance metrics,
including accuracy, understandability, clinical
suitability, and overall score, is illustrated in Figure
1. The figure highlights the significant differences
in performance between the two models, with GPT-
4 consistently achieving higher scores.

Comparative Performance of GPT-3.5 and GPT-4 Models

GPT-1.% 1.02 295

3.0

Scores

2.96 248

m 1.7

0.0
Accuracy Understandability

Clinical Suitability

Overall Score

Figure 1. Comparative performance of GPT-3.5 and GPT-4 models across key performance metrics,
including accuracy, understandability, clinical suitability, and overall score.

DISCUSSION

This study is one of the first to comparatively
evaluate the performance of GPT-3.5 and GPT-4
models in responding to patient questions about
coronary bypass surgery based on accuracy,
understandability, clinical appropriateness, and
overall evaluation criteria. The findings revealed
that the GPT-4 model performed significantly better
than GPT-3.5 across all metrics. These results align
with existing literature on the use of large language
models in healthcare and extend the understanding
of their potential applications.

Accuracy is a critical metric for Al systems,
especially in healthcare. Lewine et al. (2024) noted
that GPT-3.5 demonstrated high accuracy in general
knowledge but had limitations in clinical contexts
(16). In this study, GPT-4 showed significant
superiority in accuracy compared to GPT-3.5,
particularly in  providing specific  clinical
information about coronary bypass surgery. This
can be attributed to GPT-4’s updated knowledge
base and advanced natural language processing
capabilities. However, both models occasionally
provided inaccurate or incomplete responses,
consistent with Liu et al. (2022), who highlighted
the potential for Al systems to falter in complex
clinical scenarios (17).

Understandability plays a crucial role in patient
communication, as it directly impacts patient
engagement and comprehension of medical

procedures. Bajva et al. (2021) (18) emphasized the
importance of Al systems using simple and clear
language to enhance patient satisfaction. In this
study, GPT-4 achieved significantly higher scores
in understandability compared to GPT-3.5, likely
due to its advanced language generation capabilities
that produce more fluent and patient-friendly
responses. However, the occasional use of technical
jargon, making responses less accessible to patients,
aligns with Al Kuwaiti et al. (2023) (19), who
argued for further optimization of language models
to better cater to patient needs.

Clinical appropriateness extends beyond accuracy,
focusing on the relevance and applicability of the
information in a clinical context. Maleki et al.
(2024) (20) emphasized that Al systems in surgical
domains must prioritize clinical appropriateness to
be reliable tools for healthcare professionals. In this
study, GPT-4 outperformed GPT-3.5 in this metric,
demonstrating better alignment with clinical
contexts. Nevertheless, some responses were either
incomplete or lacked contextual depth, highlighting
the need for more specific training data to enhance
model performance in niche clinical areas.

The overall evaluation metric combines all
individual metrics to provide a comprehensive
assessment of the models’ performance. GPT-4
scored significantly higher than GPT-3.5, reflecting
its superior performance across the other three
metrics. As noted by Liu et al. (2024) (21), Al
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systems that offer user-friendly and human-like
responses can play a vital role in patient
communication. However, further improvements
are necessary to ensure that Al models meet diverse
patient needs comprehensively.
This study’s strengths include being the first to
evaluate Al models’ responses to patient questions
about coronary bypass surgery and its reliance on
expert evaluations. However, several limitations
must be acknowledged. First, the study is based
solely on expert opinions, excluding direct
feedback from patients. Second, the Al models
were evaluated using a specific dataset, which
limits the generalizability of the results.
Furthermore, the cross-sectional design of the study
does not allow for the assessment of the models’
performance over time as they continue to evolve.

CONCLUSIONS

This study demonstrates the potential of Al-
based large language models as tools for patient
communication in coronary bypass surgery. GPT-4
outperformed GPT-3.5 in accuracy,
understandability, clinical appropriateness, and
overall evaluation criteria. However, limitations
such as occasional inaccuracies and incomplete
responses remain evident in both models. Future
research should involve larger cohorts of patients
and experts, evaluate the models’ impact on real-
world patient outcomes, and train these systems on
more specific clinical datasets. This study
represents a significant step forward in exploring
the effective use of Al systems in healthcare
delivery.
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Modified Reverse Cross Finger Flap: Reticulodermo-

Adipofascial Flap

ABSTRACT

Objective: The reverse cross finger flap is a modified crossed finger flap with the advantages
of the heterodigital island flap. Local flap reconstruction techniques have been used
predominantly to repair small to medium-sized finger defects. This flap is considered suitable
for all fingers except the thumb. The subdermal plexus provides the main blood supply of this
flap. The aim of this study is to present the characteristics and results of patients treated in our
clinic.

Methods: In our clinic, 11 patients with exposed bone, tendon, nerve or vessels on the dorsum
of the finger; skin and soft tissue defects; and the need for reconstruction after tumoral mass
excision were retrospectively investigated with the 'Modified Reverse Cross Finger Flap:
Reticulodermo-Adipofascial Flap' technique. Results were evaluated.

Results: The mean age of the patients was 57.2 years. 7 patients had a finger dorsal defect after
trauma, 2 patients had a finger dorsal defect after tumoral mass excision, 1 patient had a finger
dorsal defect after chronic wound excision, and 1 patient had a finger dorsal defect after burn
scar revision. Modified Reticulodermo-Adipofascial Reverse Cross Finger Flap technique was
applied to these defects. No flap loss was observed in any patient. No inclusion cyst was seen in
the flap area. 2 patients had minimal, mild joint motion limitation at the distal interphalangeal
joint. Wound site appearance and functional gain were acceptable and good.

Conclusions: We prepared a stronger flap by incorporating only the reticular dermis into the
adipofascial tissue. We also prevented the damage of the subdermal vascular plexus by couring
the reticular dermis. In previous applications, the design of the reverse cross finger flap was
planned as dermoadipofascial after the epidermis was de-epithelialized or as adipofascial after
the epidermis and dermis were de-epithelialized. This flap design prevents the formation of
cysts originating from hair, oil and sweat glands. In addition, this flap design prevents cyst
formation and contributes to the blood supply of the flap.

Keywords: Finger Dorsal Defect, Reverse Reticulodermo-Adipofascial, Cross Finger Flap.

Modifiye Ters Capraz Parmak Flebi: Retikiilodermo-

Adipofasyal Flep

OZET

Amag: Ters capraz parmak flebi, heterodijital ada flebinin avantajlarina sahip modifiye
edilmis bir capraz parmak flebidir. Lokal flep rekonstriiksiyon teknikleri, agirlikli olarak
kii¢iik ve orta boyuttaki parmak defektlerini onarmak i¢in kullanilmistir. Bu flebi bagparmak
hari¢ diger parmaklar i¢in uygun gériilmiistiir. Subdermal pleksus, bu flebin ana kanlanmasini
saglar. Bu ¢alismanin amaci klinigimizde tedavi edilen hastalarin 6zellikerini ve sonuglarini
sunmaktir.

Yontem: Klinigimizde el parmak dorsumunda ekspoze kemik, tendon, sinir veya damarlar
olan; cilt ve yumugak doku defekti olan; tiimoral kitle eksizyonu sonrasi rekonstriiksiyon geregi
olan ‘Modifiye Ters Capraz Parmak Flebi: Retikiilodermo-Adipofasyal Flep’ teknigi yapilan 11
hasta retrospektif olarak arastirildi. Sonuglar1 degerlendirildi.

Bulgular: Hastalarin yag ortalamalar1 57,2 idi. 7 Hastada travma sonrasi el parmak dorsalinde
defekt, 2 hastada tiimoral kitle eksizyonu sonrasi el parmak dorsalinde defekt, 1 hastada kronik
yara eksizyonu sonrasi el parmak dorsalinde defekt ve 1 hastada yanik skar1 revizyonu sonrasi
el parmak dorsalinde defekti mevcut idi. Bu defektlere Modifiye Retikiilodermo-Adipofasyal
Ters Capraz Parmak Flebi teknigi uygulandi. Hicbir hastada flep kaybi goriilmedi. Flep
uygulanan bdlgede inkliizyon kisti goriilmedi. 2 hastada distal interfalangeal eklemde minimal,
hafif eklem hareket kisitliligi mevcut idi. Yara yeri goriiniimii ve fonksiyonel kazang kabul
edilebilir ve iyi idi.

Sonu¢: Sadece retikiiler dermisi adipofasyal dokuya dahil ederek daha giiclii bir flep
hazirlandi. Retikiiler dermisi kouryarak subdermal vaskiiler pleksusun hasarlanmasini da
onlemis olduk. Daha 6nceki uygulamalarda ters gapraz parmak flebi tasarimi; epidermis de-
epitelize edildikten sonera dermoadipofasyal seklinde planlanmis yada epidermis ve dermis
de-epitelize edildikten sonra adipofasyal seklinde tasarlanmig. Bu flep dizayni; kil, yag ve ter
bezi kaynakli kistlerinin olugsma ihtimalini engel olmaktir. Ayrica bu flep dizayni kist
olusumuna engel olurken flebin kanlanmasina da katki saglamaktir.

Anahtar Kelimeler: Parmak Dorsal Defekti, Ters Retikiillodermo-Adipofasyal, Capraz Parmak
Flebi.
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INTRODUCTION

Dorsal finger defects always pose a
challenge for the reconstructive surgeon. Because
there are not many regional options. Local flap
reconstruction  techniques have been used
predominantly to close small and medium-sized
finger defects (1).

Although various flaps have been described
for adequate coverage of dorsal finger defects, these
flaps may not result in cosmetic and functional
satisfaction due to volume mismatch (2). Tube flaps
harvested from the chest, abdomen, groin and
forearm are reliable for adequate closure of dorsal
finger wounds; however, these flaps will be bulky
and offer poor cosmetic and functional results (3).
To minimize the morbidity of the donor finger, the
reverse cross finger flap was planned from the
second, third, fourth and fifth fingers (2).

The reverse cross finger flap is a modified
crossed finger flap that has the advantages of the
heterodigital island flap (4). The skin connection
helps to preserve the distal viability of the flap
while reducing pedicle movement and preventing
venous congestion (4,5). The flap is made to fit the
boundaries of the functional phalanx unit exactly
(4,6).

This flap is supplied by the branches of the
dorsal digital arteries of the radial or ulnar side of
the finger and the appropriate digital arteries. The
dorsal digital artery cannot be used as the axial
vessel of dorsal digital flaps due to its short
diameter (1). In addition, the continuity of the
digital artery is preserved. These vessels are known
to be fixed on the proximal and middle phalanges.
The subdermal plexus provides the main blood
supply of this flap.

Indications for the reverse cross finger flap;
reconstruction of the eponychial skin fold; coverage
of an exposed extensor tendon near the
interphalangeal joint (IP); reconstruction of
exposed sterile matrix nail bed defects; covering a
crushed, repaired or grafted extensor tendon
without a paratenon; boutonniere deformity with
poor quality skin over the proximal interphalangeal
joint (PIP) after burn or avulsion injury; repair of
the nail bed, germinal matrix and skin around the
fingers after complete avulsion; and correcting the
finger deformity in selected cases (7,8). This flap is
also among the options after the excision of tumoral
masses on the hand finger's dorsal surface. It should
be noted that the hand is exposed to intense sun
exposure, but the formation of basal cell carcinoma
in the hand is relatively rare. (9).

Extensive dorsal skin loss and injuries to
adjacent fingers constitute contraindications (7).
Vasospastic conditions such as Raynaud disease,
diabetes mellitus and Buerger disease may
represent absolute contraindications (8). Pre-
existing disability problems such as Dupuytren's
contracture, rheumatoid arthritis and advanced age
pose an increased risk for the outcome of the cross

finger flap (8). The most basic prerequisite for soft
tissue repair in the hand is to cleanse the wound
from infection, remove all dead tissue and provide a
stable skeletal structure (10). The dorsum of the
finger contains a thin skin with a small amount of
subcutaneous tissue underneath (11,4). The flap is
planned to be approximately 1 cm longer and
approximately 4 to 5 mm wider than the defect
(7,2). Better cosmetic results are achieved by
covering the flap with full-thickness skin grafts
instead of split-thickness skin grafts (11).

The basic principle is to preserve the length
of the finger, provide a sensory skin cover and
provide functional improvement as much as
possible (2). One of the most important criteria is
whether the bone is exposed or not (2). The
superiority of this flap has been proven in terms of
sensitivity, durability, efficiency and reliability in
terms of returning the patient to their profession (8).

The aim of this study is to present the
characteristics and results of patients treated in our
clinic.

MATERIAL AND METHODS

Our study was approved by Tekirdag Namik
Kemal University Non-Interventional Clinical
Research Ethics Committee. Between 01.06.2017-
30.10.2024, 11 patients who applied to our clinic
and underwent 'Modified Reverse Cross Finger
Flap: Reticulodermo-Adipofascial Flap' technique
were retrospectively analyzed. Patients with open
wounds, defects, tumoral masses and defects after
mass excision with exposed bone, tendon, nerve or
vessels on the dorsum of the finger and who
underwent 'Modified Reverse Cross Finger Flap:
Reticulodermo-Adipofascial Flap' technique in our
clinic were examined. The number of patients who
underwent this technique, gender, dominant hand,
occupation, smoking, defect causative factor, defect
localization, defect size, graft donor area, flap loss,
joint function loss, inclusion cyst formation in the
flap and wound appearance are indicated in the
table. This flap was compared with previous
methods. We also presented two case examples
from our case series.

Surgical Technique: This flap includes all
tissues from the reticular dermis to the paratenon of
the extensor tendons. De-epithelialization is one of
the most important technical details of this flap.
During de-epithelialization, we de-epithelialized the
epidermis and the superficial papillary dermis
together. We included the reticular dermis, which is
in the deep plane, in the adipofascial tissue. In other
words, we designed a reticulodermo-adipofascial
flap.

Case 1: A 68-year-old male patient had a
2x3 cm mass on the dorsal side of the middle
phalanx of the right hand 2nd finger and a 1x1 cm
hard hyperkeratotic mass fixed to the base on the
DIPJ. The masses were benign and fixed to the
base. The case was started under regional
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anesthesia and tourniquet with loop guidance. The
masses were resected with sufficient margins to
include the tendon sheath. A 3x4 cm flap was
designed from the dorsal side of the 3rd finger. The
skin including the epidermis and papillary dermis
was de-epithelialized. The reticular dermis is
preserved. An incision was made for the
reticuloadipofascial flap. The flap was incised on
the defect side. The reticuloadipofascial flap was
elevated in a way that the paratenon of the extensor
tendon was protected. It was transferred to the
defect area by rotating it 180 degrees. A tourniquet
was opened. Bleeding control was performed. A
full-thickness skin graft wider than the defect area
was taken from the medial aspect of the right arm to
cover the 2nd and 3rd fingers. The graft was de-
fatted. Holes were opened in the graft. The graft
was adapted to cover both the flap donor area and
the transferred flap. Both fingers were fixed to each
other with fixation sutures from the proximal and
distal sides. A dressing with plenty of furacyn
ointment was applied instead of a tie-over dressing.
A short arm splint was applied. The dressing was
removed on the 5th postoperative day. It was
observed that the graft was adapted and the flap
circulation was good. Flap separation was
performed under local anesthesia on the 20th
postoperative day. Wound follow-up  was
performed for another week. Hand rehabilitation
was started at the end of the 4th postoperative
week. Our case example and results are shown in
figure 1.a-j.

Figure 1.a. Right hand 2nd finger middle phalanx
dorsal 2x3 cm mass and 1x1 cm hard hyperkeratotic
base fixed mass on DIPJ.

Figure 1.b. Exposed tendon and bone after mass
excision.

Figure 1.c. 3x4 cm flap design from dorsal 3rd
finger; skin de-epidelization including epidermis
and papillary dermis.

Figure l.e. Transfer of reticulodermo-adifascial
flap to defect area by rotating it 180 degrees.

Figure 1.f. Repair of flap donor area and flap
surface with full thickness skin graft.
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Figure 1.h. View after separation of flap in 2nd
session operation.

Figure 1.i. Dorsal view of the fingers 1 month after
flap separation.

Figure 1.j. Volar view of the fingers 1 month after
flap separation.

Case 2: A 43-year-old male patient had a
crush and defective injury to his right hand fingers

with a high-energy cutting tool. There was a 2x4
cm defect on the dorsal side of the middle phalanx
of the 2nd finger, including the nail bed. The nail
bed, bone tissue and extensor tendon were exposed.
The extensor tendon was damaged. The defect
extended to the DIPJ. There was skin damage on
the dorso-ulnar side of the proximal phalanx of the
1st finger, nail and nail bed damage on the 3rd
finger, and nail and nail bed damage in addition to
the skin defect on the DIPJ and radial side of the
distal phalanx of the 4th finger. There was no injury
on the dorsal middle phalanx of the 3rd finger.
Reconstruction was planned for the 2x4 cm defect
including the dorsal middle phalanx of the 2nd
finger and the nail bed. The case was started under
regional anesthesia and tourniquet with loop
guidance. The damaged extensor tendon was
repaired. A 3x5 c¢cm flap was designed from the
dorsal side of the 3rd finger. The skin including the
epidermis and papillary dermis was de-
epithelialized. The reticular dermis is preserved. An
incision was made for the reticuloadipofascial flap.
The defect side of the flap was incised. The
reticuloadipofascial flap was elevated in a way that
the paratenon of the extensor tendon was protected.
It was transferred to the defect area by rotating it
180 degrees. The tourniquet was released. Bleeding
control was performed. A full thickness skin graft
wider than the defect area was taken from the
medial right arm to cover the 2nd and 3rd fingers.
The graft was de-fatted. Holes were opened in the
graft. The graft was adapted to cover both the flap
donor area and the transferred flap. Both fingers
were fixed to each other with fixation sutures from
the proximal and distal sides. A generous furacyn
ointment dressing was applied instead of a tie-over
dressing. A short arm splint was applied. The
dressing was removed on the 5th postoperative day.
It was observed that the graft had adapted and the
flap circulation was good. Flap separation was
performed under local anesthesia on the 20th
postoperative day. Wound follow-up  was
performed for another week. Hand rehabilitation
was started at the end of the 4th postoperative
week. Our case example and results are shown in
figure 2.a-j.

Figue 2.a.hé‘. A 2x4 cm defect including.fhe nail
bed on the dorsal side of the middle phalanx of the
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2nd finger; Skin damage on the dorso-ulnar side of
the proximal phalanx of the 1st finger; Nail and nail
bed damage on the 3rd finger; Skin defect and nail
and nail bed damage on the radial side of the DIPJ
and distal phalanx of the 4th finger.

Figure 2.b. 2. A 2x4 cm defect including the nail
bed on the dorsal side of the middle phalanx of the
2nd finger; Nail bed, bone tissue and extensor
tendon exposed; Extensor tendon damaged; The
defect extends to the DIPJ.

Figure 2.c. 3. A 3x5 cm flap design from the dorsal
side of the 3rd finger; skin de-epidelization
including epidermis and papillary dermis.

Figure 2.d. Elevation of reticuloadipfascial flap.

Figure 2.e. Transfer of reticulodermo-adifascial
flap to defect area by rotating it 180 degrees.

Figure 2.f. Repair of flap donor area and flap
surface with full thickness skin graft.

Figure 2.g. Postoperative 3rd week view.

Figure 2.h. View after separation of flap in 2nd
session operation.
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Figure 2.i. Dorsal view of fingers 1 month
after flap separation.

RESULTS

The characteristics of the patients, defect
location, causes, size and postoperative findings are
given in table 1. No flap loss was observed in any

gl ) i
Figure 2.j. Volar view of fingers 1 month after
flap separation.

application area. There was minimal, mild joint
movement restriction in DIPJ in 2 patients. Wound
appearance and functional gain were acceptable and

patient. No inclusion cyst was observed in the flap good.

Table 1. Characteristics of patients, defect location, causes, size and postoperative findings.

Number of patients 11

Gender Female:3
Male:8

Dominant hand Right hand:10
Left hand:1

Occupation Farmer:7
Manual worker:2
Civil servant:1
Student:1

Smoking Smoking + :8
Smoking - :3

Defect causative factor Trauma:7

Tumoral mass:2
Chronic wound:1
Burn scar:1

Defect localization Right hand 2nd finger middle phalanx dorsum:4

Right hand 2nd finger distal phalanx dorsum and DIPJ:2
Right hand 3rd finger middle phalanx dorsum:2

Right hand 4th finger middle phalanx dorsum:1

Left hand 2nd finger middle phalanx dorsum:1

Left hand 3rd finger middle phalanx dorsum and DIPJ:1

Smallest: 2x2 cm
Largest: 3x4 cm

Defect size

Right arm medial: 9
Left arm medial: 2

Graft donor area

Flap loss none
Joint function loss 2 Patients have slight limitation in DIPJ
Inclusion cyst formation in the flap No
Wound appearance Good
DISCUSSION bone and tendon; and for nail bed defects that

The reverse de-epithelialized crossed finger
flap, a modification of the traditional crossed finger
flap, provides good coverage. It has been found to
be a reliable option for reconstructing dorsal defects
of the finger. The reverse cross finger flap is also a
very useful flap for open wounds on the dorsum of
the finger, especially in the presence of exposed

cannot be closed with other techniques.

The cross finger flap was first described by
Gurdinin in 1950 and by Pangman in 1951 as a soft
tissue cover for covering defects on the volar
surfaces of single fingers (12).

Atasoy reported four patients with nail bed
defects treated with axial pattern adipofascial flaps
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after the reverse dermis flap described by Pakiam
(2). Voche and Merle described the axial pattern
homodigital subcutaneous flap for the treatment of
dorsal finger defects (13). The most important
disadvantages of this procedure are the distortion of
the pedicle after transposition of the flap over the
defect and the fact that it can only cover two thirds
of the defect. The axial patterned adipofascial cross
finger flap described by El-Khatib has the
disadvantages of long dissection time and
sacrificing the digital artery (14). Al-Qattan
modified the existing technique by turning the flap
proximally from the same finger (15).

Elhoda infiltrated isotonic saline for easy
dissection of the flap (4). We did not find this
necessary since we easily dissected with a loop.

A separation surgery should be performed
on the 10th to 14th postoperative day; thus, joint
stiffness, which is an important complication, will
be prevented (16).

In the reverse cross finger flap technique
described by Atasoy; the skin is elevated as a full-
thickness skin flap. Then, the adipofascial tissue is
transferred to the defect area as a reverse cross
finger flap. The elevated full-thickness skin flap is
adapted same place.

It is difficult to de-epithelialize only the
epidermis and there is a possibility that the
epidermis may remain in the flap. The reason we
included the papillary dermis in de-epithelialization
is to prevent the formation of hair, sebaceous and
sweat gland cysts. By including the reticular dermis
in the flap, we have prepared a stronger flap. We
have also contributed to the blood supply of the flap
from the deep dermal plexus. By keeping the
reticular dermis intact, we have also prevented
damage to the subdermal vascular plexus.

In previous applications, the reverse cross
finger flap was designed as dermoadipofascial by
de-epithelializing the epidermis or adipofascial by
de-epithelializing the epidermis and dermis. Our
aim in designing this flap is to prevent the
formation of hair, sebaceous and sweat gland cysts
and to contribute to the blood supply of the flap
while preventing this.
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Genetic Testing in Primary Care — Myth or Reality?
ABSTRACT

The Swiss scientist Friedrich Miescher first identified deoxyribonucleic acid (DNA) in 1869,
marking the beginning of genetic research. Subsequent studies led to the discovery of DNA’s
composition and structure, culminating in Watson and Crick’s 1953 model of its three-
dimensional, double-helical structure. DNA’s functional units, genes, encode proteins essential
for biological processes, and variations in DNA sequences are classified as polymorphisms or
mutations based on their population frequency. Advances in genetic research have facilitated
the development of cytogenetic, biochemical, and molecular tests, enabling the precise analysis
of genetic material. These tests provide valuable information for personalized medicine,
particularly in pharmacogenomics and predictive medicine.

Once considered an exclusive domain of specialized medicine, genetic testing is now becoming
an integral component of clinical practice. Technological advancements, declining costs, and
increased understanding of DNA’s role in disease susceptibility have contributed to its growing
accessibility. Genetic testing holds significant potential in primary care, offering insights into
disease predisposition, optimizing drug therapy, and enabling early interventions. However,
despite its promise, the integration of genetic testing into routine medical practice remains a
challenge due to concerns related to clinical utility, ethical considerations, and the need for
physician education in genetics.

A key question persists: does genetic testing offer practical benefits for routine patient care, or
does it remain largely theoretical? This review aims to explore the role of genetic testing in
primary care, assessing its potential advantages while addressing challenges that may hinder its
widespread adoption. By evaluating the current state of genetic testing, this analysis seeks to
determine whether it represents a transformative tool in modern medicine or an evolving field
with yet-to-be-fulfilled promises.

Keywords: DNA, Genetic Testing, Primary Care, General Practitioner.

Birinci Basamak Saghk Hizmetlerinde Genetik Testler —
Mit mi Ger¢ek mi?

OZET

Isvicreli bilim insan1 Friedrich Miescher, 1869 yilinda deoksiriboniikleik asidi (DNA)
kesfederek genetik aragtirmalarin temelini atmistir. Sonraki ¢alismalar DNA’nin bilesimi ve
yapisini ortaya ¢ikarmis, bu siireg 1953 yilinda Watson ve Crick’in DNA’nin ii¢ boyutlu ¢ift
sarmalli yapisin1 tanimlamasiyla sonuglanmistir. DNA’nin islevsel birimleri olan genler,
biyolojik siiregler i¢in gerekli proteinleri kodlamakta olup, DNA dizilimlerindeki degisiklikler
popiilasyon icindeki sikliklarina bagli olarak polimorfizm veya mutasyon olarak
simiflandirilmaktadir. Genetik arastirmalardaki ilerlemeler, sitogenetik, biyokimyasal ve
molekiiler testlerin gelismesini saglamis ve genetik materyalin hassas analizini miimkiin
kilmistir. Bu testler, 6zellikle farmakogenomik ve prediktif tip alanlarinda kisiye 6zel tibbi
yaklagimlar gelistirilmesine katki sunmaktadir.

Bir zamanlar yalnizca uzmanlik gerektiren bir alan olarak goriilen genetik testler, giiniimiizde
klinik pratigin ayrilmaz bir pargast haline gelmektedir. Teknolojik ilerlemeler, test
maliyetlerinin azalmast ve DNA’nin hastalik duyarliligi {izerindeki roliiniin daha 1iyi
anlasilmasi, genetik testlerin erisilebilirligini ve klinik énemini artirmustir. Genetik testler,
hastalik yatkinligi hakkinda bilgi saglama, ila¢ tedavisinin bireysellestirilmesi ve erken
miidahale firsatlar1 agisindan birincil saglik hizmetlerinde bilyiik bir potansiyele sahiptir.
Ancak, klinik fayda, etik kaygilar, veri gizliligi, saglik politikalar1 ve hekimlerin genetik
konularndaki egitimi gibi zorluklar, bu testlerin rutin tibbi uygulamalara entegrasyonunu
sinirlayan onemli faktorlerdir.

Bu baglamda, 6nemli bir soru ortaya ¢ikmaktadir: Genetik testler gergekten hasta bakiminda
pratik faydalar sunmakta midir, yoksa biiyiik 6l¢lide teorik bir alan olarak mi kalmaktadir? Bu
derleme, birincil saglik hizmetlerinde genetik testlerin roliinii incelemeyi, potansiyel
avantajlarini degerlendirmeyi ve yaygin kullanimini engelleyebilecek bilimsel, etik ve pratik
zorluklar1 ele almay1 amaglamaktadir. Mevcut durumu analiz ederek, genetik testlerin modern
tipta doniistliriicii bir ara¢ olup olmadigini veya hala tam anlamiyla gergeklestirilememis bir
alan m1 oldugunu belirlemeye ¢aligmaktadir.

Anahtar Kelimeler: DNA, Genetik Test, Birinci Basamak Saglik Hizmetleri, Pratisyen Hekim.
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INTRODUCTION

In 1869, the Swiss scientist Friedrich
Miescher was the first to bring to the global
scientific community's attention the existence of
deoxyribonucleic acid (DNA). His research
involved white blood cells, through which he
successfully isolated a substance previously
unknown to science. This substance, located in the
cell nucleus, was named "nuclein,” a term later
replaced by "nucleic acid" and subsequently
"deoxyribonucleic acid." Miescher conducted a
chemical analysis and discovered that nuclein
contained a high amount of phosphorus, leading
him to recognize it as a novel molecule. Initially, he
hypothesized that nuclein might play a role in
hereditary  transmission, although he later
abandoned this idea (1).

Although Miescher's name faded into
obscurity, Russian biochemist Phoebus Levene
continued investigating the composition of nuclein
(2). Through hydrolysis and the decomposition of
nucleic acids from yeast, Levene proposed in 1919
that nucleic acids are composed of a series of
nucleotides, each containing one of four
nitrogenous bases, a sugar molecule, and a
phosphate group. He was also the first scientist to
identify the carbohydrate components of DNA-
deoxyribose and RNA-ribose. He is credited with
identifying the presence of the bases adenine,
guanine, cytosine, and thymine in DNA, as well as
uracil replacing thymine in RNA. Additionally, he
proposed a tetranucleotide structure consisting of
repeating units of four nucleotides arranged in a
specific order (adenine, guanine, cytosine, thymine,
and so forth), a hypothesis that was later refuted by
other scientists. Nevertheless, his polynucleotide
model remains valid today, as does his discovery
that nucleotides are linked through bonds between
the phosphate group of one nucleotide and the sugar
of the next. This sequence forms the sugar-
phosphate  backbone, which constitutes the
foundation of the DNA molecule. An interesting
historical fact is that Levene believed the structure
he proposed was too simple to serve as the carrier
of genetic information. This notion somewhat
delayed the acceptance of DNA as the molecule
responsible for genetic material (3).

In 1944, Oswald Avery became the first
scientist to make the groundbreaking discovery that
DNA, and not proteins, is the carrier of genetic
information and a fundamental component of genes
and chromosomes (4). The next significant
contribution to uncovering the structure of DNA
came from American biochemist Erwin Chargaff,
who was influenced by Avery's work. In 1950,
Chargaff reported that the ratio and quantities of the
four bases in the DNA double helix are constant but
vary between different species of organisms (5).
However, he was unable to explain the specific
relationships between the bases, namely, that
adenine pairs with thymine and cytosine pairs with

guanine within the molecular structure of DNA
(2).Chargaff’s base-pairing rule, combined with the
contributions of English researchers Rosalind
Franklin and Maurice Wilkins through X-ray
crystallography-a technique for determining the
three-dimensional atomic structure of molecules-
formed the foundation for the discovery of the
three-dimensional, double-helical model of DNA,
presented by Watson and Crick in 1953. Their
model revealed that the bases are connected by
hydrogen bonds, the strands are antiparallel and
complementary, and the helix is predominantly
right-handed (2).

The functional units of DNA are genes,
which encode the synthesis of specific proteins
essential for the structure and function of the cell
and determine hereditary traits (6).

The continuous human endeavor to decode
the genetic information embedded in DNA
culminated in 1990 with the initiation of one of the
most ambitious scientific projects of our time-the
Human Genome Project, which aimed to
sequence the entire human genome (i.e., determine
the exact sequence of DNA bases). In 2000, the first
reference genome was announced, leaving 8% of
heterochromatic regions unanalyzed. However, in
April 2022, the Telomere-to-Telomere (T2T)
Consortium declared the completion of the
sequencing process, providing information on the
sequence of 3.055 billion base pairs, excluding the
Y chromosome (7).

It is estimated that the human genome
contains between 20,000 and 25,000 genes (8).
Each individual has a unique genome, except for
monozygotic twins. This uniqueness is attributed to
the presence of single nucleotide polymorphisms
(SNPs)-variations in which a single nucleotide,
such as thymine, is replaced by another, or short
tandem repeats (STRs) (9). It is estimated that
there is one SNP for every 2.0 kilobase pairs, with
over 1.4 million identified (10).

DNA variants with a frequency greater than
1% in the population are classified as SNPs, while
those with a frequency below 1% are considered
mutations (11). These genomic changes may have
no impact on the synthesis of normal proteins, but
in some cases, they can lead to pathological
alterations in function and, consequently, be
associated with disease development (12).

Advances in science and technological
achievements now enable the use of genetic
information for the diagnosis and treatment of
diseases, forming the foundation of what is known
as genomic medicine. This has the potential to
entirely transform the way medicine is practiced
(13).

Genetic testing, once considered a niche of
specialized medicine, is rapidly entering clinical
practice due to increased accessibility from
decreasing test costs and a growing understanding
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of the relationship between DNA changes and
disease development. However, an important
question arises: does genetic testing have practical
applications in routine medical practice, or does it
still reside in the realm of promises and theoretical
possibilities?

The aim of this review is to analyze the role
of genetic testing in primary care, exploring both its
potential benefits and the challenges associated
with its implementation.

Foundations of Genetic Testing: The
primary goal of genetic testing is to identify

changes in an individual's genetic material. The
information obtained can indicate a disease or a
predisposition to one and can be used to develop
therapeutic or preventive strategies. It may also
assist in family planning, career choices, or future
professional development. The material analyzed
for genetic testing can include blood, buccal
mucosa, hair, skin, or other tissues.

Types of Tests: Depending on the genetic
material or its product being analyzed, genetic
testing can be categorized into the following types
(14) (Table 1):

Table 1. Type of Genetic Testing

Type Genetic Testing Description

Common Techniques

Clinical Applications

1. Cytogenetic Examines entire
chromosomes to
detect structural and
numerical
abnormalities.

-Karyotyping: Microscopic
observation of stained
chromosomes.
-Fluorescent in situ
hybridization (FISH): Uses
fluorescent molecules to detect
genetic anomalies (insertions,
deletions, translocations, and
amplifications).

DiGeorge syndrome,
Chronic myelogenous

leukemia (CML),
B-cell lymphoma.

2. Biochemical Measures protein
levels, enzyme
activity, and
metabolic products
encoded by specific

genes.

-Enzyme activity assays.
-Metabolic product
measurement.
-Protein structural analysis.

Detection of enzyme
deficiencies, metabolic
disorders, and structural

protein abnormalities.

3. Molecular Investigate DNA
sequence variations,
genetic variants, and

mutations.

-Whole-genome sequencing
(WGS): Analyzes the entire DNA
sequence.
-Next-generation sequencing
(NGS): High-throughput DNA
sequencing.

- Exome sequencing: Focuses on
protein-coding regions.
-Targeted gene analysis: Uses
polymerase chain reaction (PCR)
and hybridization methods to
detect specific mutations.

Identification of disease-
causing mutations, SNPs,

and genetic
predispositions.

In addition to diagnosing diseases or risk

facilitates an

individualized,

lifelong treatment

assessment, genetic tests have found applications in
pharmacogenomics, driven by the accumulation of
data on the human genome and technological
advancements. Numerous studies explore the
impact of genetic variants on the distribution of
drugs within the body (pharmacokinetics) and the
sensitivity or response to treatment
(pharmacodynamics). These findings are critical
for personalized medicine (15).

The goal of pharmacogenomic testing is to
optimize and maximize therapeutic efficacy while
minimizing side effects and toxicity, based on the
patient’s  individual genotype. Examples of
medications with established genotype-related
effects or risks include warfarin, clopidogrel,
abacavir, statins, and others. This knowledge

approach (16).

Another potential application of genetic
testing in primary care lies in the field of predictive
medicine. It can serve as a valuable tool for the
early identification of patients at high risk for
common diseases. Examples include testing for
BReast CAncer gene 1 (BRCA1) and BRCA2
mutations in women, which are associated with an
increased risk of breast and ovarian cancers.
Approximately 60% of women carrying such
mutations will develop breast cancer during their
lifetime. For BRCA1L, the risk of developing
ovarian cancer is estimated to be 39%-58%, while
for BRCAZ2, the risk ranges between 13% and 29%
(17). Information from these tests can guide
decisions regarding targeted preventive measures,
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such as regular screening or prophylactic surgery
(18).

Additionally, Apolipoprotein E (APOE)
genotypes have been associated with risks of
dementia, Alzheimer’s disease, and cardiovascular
diseases (19). Such knowledge can inform early
preventive interventions, including the
implementation of dietary and cognitive strategies
(20).

An important area where genetic screening
tests can be conducted in primary care settings is
reproductive medicine. Prenatal and carrier tests
are particularly valuable for couples planning to
start a family. These tests can identify the risk of
severe hereditary diseases such as cystic fibrosis
(21) or thalassemia (22).

Despite the great potential genomics holds,
the expectations and opportunities for its
implementation remain a process that is advancing
at a slower pace (23). It is therefore crucial to
identify the main barriers hindering its integration
and to seek optimal solutions, particularly in
primary care, where conditions are most favorable
for the application of genetic testing in these areas.
This is due to the close and long-term relationship
with patients, familiarity with their medical and
family histories, and broader opportunities for risk
management and disease prevention.

As such, general practitioners can play a
central role not only in identifying suitable patients
but also in coordinating efforts with other
healthcare professionals across the different levels
of the healthcare system, including geneticists.

Challenges Faced by Primary Care
Providers: The main barriers to the integration of
genetic medicine into routine patient care can be
categorized into the following areas, as identified in
a systematic analysis of 38 publications (24):

1. Knowledge: The most frequently
reported issue by participants in the studies was a
lack of general knowledge in the field of
genetics and the resulting lack of confidence
(25,26), as well as insufficient training in clinical
genetics (27). Other commonly noted deficits
included inadequate preparation for obtaining a
family history (28) and the necessary information
required to collect (29).

2. Skills: The lack of confidence in
possessing the necessary qualifications for genetic
counseling was the most frequently cited issue in
16 of the 38 studies. A U.S.-based survey of 1,763
primary care physicians found that only 28.8%
felt qualified to provide genetic counseling (30).
Additionally, the inability to  apply
recommendations from guidelines regarding the
interpretation of family history (31) and
uncertainty in determining familial relationships
between patients were also commonly identified
problems (32).

Other studies reported that physicians lacked
the skills to interpret genetic test results (33). For

instance, a Canadian study of 341 primary care
physicians revealed that only 15% felt capable of
interpreting genetic results, and fewer than 10%
were adequately informed about genetic testing
(30). In 14 of the 38 studies, physicians admitted to
lacking confidence in ordering genetic tests and
struggled to explain the limitations of such tests to
their patients, particularly concerning false-positive
or false-negative results.

Moreover, 10 of the 38 studies reported
difficulties in assessing genetic risk, including for
specific conditions such as cancer (30). In a study
conducted among 860 primary care physicians in
the U.S., 38.3% felt uncomfortable conducting
screening tests, providing preventive
recommendations, or determining which patients
should be referred for further consultation (34).

Another commonly identified barrier was
the lack of awareness of available educational
resources related to genetics and how to access
them (26,35,36). Many physicians also expressed
uncertainty about when and how to refer patients to
a genetic specialist, a challenge cited in multiple
studies (33,34).

These challenges highlight the need for
targeted education and training programs to equip
primary care providers with the knowledge and
skills required for the effective application of
genetic medicine in routine practice.

3. Ethical, Legal, and Social: The potential
for patient distress and anxiety associated with
genetic risk was frequently highlighted by
physicians in 16 of the reviewed publications
(25,35). Physicians also reported challenges related
to the emotional reactions of patients upon
receiving genetic test results (37). Identifying
carrier status for a pathogenic gene could lead
individuals to perceive themselves as unhealthy,
even if no symptoms are present (38).

Another deterrent cited was the possibility of
discovering incidental findings during testing,
which could cause stress about the potential
development of diseases in the future (39).

A significant concern raised in 15 of the 38
publications was the fear of social or insurance
discrimination. For example, in a study of 1,251
primary care physicians, 80% expressed concern
that patients with positive test results might face
discrimination from insurers (30). Similar findings
were reported in a study of 1,222 California
physicians, where 75% shared the same concerns,
noting that fear of discrimination could lead
patients to decline genetic testing (40).

These challenges underscore the need for
robust ethical guidelines, legal protections, and
patient education to address concerns surrounding
genetic testing and promote its adoption in clinical
practice.

A significant barrier is the loss of
confidentiality and the potential disclosure of
genetic risk information to family members related
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to the patient. In a study conducted among U.S.
physicians, 53% reported that they would not be
able to guarantee confidentiality to their patients
after receiving genetic test results (30). Similarly,
61% of Swiss primary care physicians identified
this issue as a major reason limiting their use of
genetic testing for breast cancer due to its
implications for other family members (41).

The use of prenatal tests has also presented
challenges. Physicians expressed concerns that the
results might negatively impact the emotional
course of the pregnancy, lead to unnecessary
medical interventions, or drive parents toward a
desire for a "perfect" child. This could, in turn,
result in social inequality and stigma against
individuals with genetic disorders (41,42).

These findings highlight the ethical
complexities and societal implications associated
with genetic testing, emphasizing the need for
careful consideration and policy development to
address these barriers.

4. Organizational: The lack of access to
genetic services, including consultations with
genetic specialists, is the most frequently cited
barrier by physicians (28,37,43,44). The reasons for
this vary across studies and include inconvenient
locations of genetic centers, lack of transportation
in remote areas, absence of regulations for referrals
to other levels of the healthcare system, and limited
availability of genetic tests (30,32,34,44,45).

Time constraints are another significant
factor reported by physicians. The need to take a
detailed family history is often mentioned as a
restrictive reason (32), as is the time required to
explain genetic test results (31). In some studies,
results indicated that the long turnaround time for
prenatal test results impacted subsequent decisions
regarding treatment (28).

These organizational challenges highlight
the need for improved infrastructure, streamlined
processes, and time-efficient solutions to facilitate
the integration of genetic services into primary care.

A challenge highlighted by primary care
physicians is their perception of their role in
providing genetic-related services (41,46), with
some reporting uncertainty about what their role
entails (27,33,35,43). In several studies, it is noted
that genetics is not perceived as an integral part of
primary care and is considered to have less
relevance at this level of the healthcare system
(25,35,36,37,44,57,48). Many physicians believe
that genetics falls under the domain of specialists
and requires specific expertise (38,44,48).

The cost of genetic tests is frequently cited
as a significant barrier to their integration into
primary care, compounded by the lack of
reimbursement for ordering such tests and the
subsequent need for patient counseling (35).

The perception of genetics as a peripheral
aspect of primary care responsibilities has also been
identified as a reason for difficulties in integrating it

into routine activities (26,45,49,50). In some
studies, physicians reported challenges with
incorporating family history into electronic health
records (EHRs) (33).

These findings suggest that addressing
misconceptions about the role of primary care
physicians in genetics and providing clearer
guidelines and resources may facilitate the
integration of genetic services into primary care
practice.

5. Scientific Evidence on Genetic Tests
and Testing: Although genetic tests provide
opportunities to identify diseases or assess the risk
of their development, physicians perceive the lack
of therapeutic options for certain conditions as a
barrier to the broader application of these tests in
practice  (34,39,41,48).  Additionally, some
physicians believe that treatment approaches would
not differ regardless of the availability of genetic
test results (25,36,45,47,48).

In some studies, the insufficient accuracy of
genetic tests is highlighted as a barrier to their use,
particularly regarding false-positive results in
cancer testing. Furthermore, 45% of physicians in
one study believed that the risk of cancer
development remains unclear even after genetic
testing (30).

Similar findings were reported in another
systematic review published in 2003, illustrating
the lack of significant progress in integrating
genetic testing into the routine activities of primary
care physicians. Nonetheless, many physicians
expressed a willingness to receive training in
genetics, even though they did not consider it a
priority (50).

These findings underscore the need for
improved accuracy of genetic tests, development of
actionable therapeutic strategies, and educational
efforts to enhance the integration of genetics into
primary care.

CONCLUSION

Despite significant progress in genetic
research, both scientific and technological, the
implementation of genetic testing as part of the
routine activities of primary care physicians is
advancing at a slow pace and currently holds
limited significance. This lack of focus is attributed
to various factors, with the most prominent being
insufficient knowledge in this specialized field, a
lack of confidence and experience in taking family
histories, and challenges in ordering and
interpreting test results, which often require
subsequent genetic counseling. The high cost of
genetic testing and the lack of reimbursement
further restricts the broader adoption and use of
these modern methods in routine patient care at this
level of the healthcare system.

The outlined challenges can serve as a
foundation for developing strategies to train general
practitioners, equipping them with the necessary
knowledge and skills in this promising field.
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Additionally, national policies aimed at improving unlock the potential of genetics to transform
access to innovative testing methods could help healthcare.
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