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Rektoriin Mesaji

Universitemizin bilimsel gelisim hedefleri dogrultusunda yiiriitillen ¢calismalarin énemli bir
sonucu olarak, kurumumuz biinyesinde hazirlanan akademik dergimizin ilk sayisinin
yayimlanmis olmasindan biiyitk bir memnuniyet duymaktayiz. Bu gelisme, yalnizca
iniversitemiz adina bir akademik yayin siirecinin baslangicini degil, ayni1 zamanda bilimsel
tretimin, bilgi paylasiminin ve arastirma kiiltiiriniin kurumsal diizeyde giiglenmesini temsil
etmektedir.

Gilintimiiz yitksekogretim anlayisi, iiniversitelerin yalnizca egitim ve Ogretim faaliyetleriyle
degil; arastirma, yayincilik ve topluma katki misyonlariyla da degerlendirildigi bir donemi
beraberinde getirmistir. Bu baglamda akademik dergiler, iiniversitelerin bilgi {iretiminde
strdiirtilebilir bir sistem kurmalarini, farkli disiplinlerde yiriitillen bilimsel ¢alismalarin
goriintrligint artirmalarini ve ulusal ile uluslararasi akademik ¢evrelerle etkilesim icinde
olmalarini saglayan 6nemli platformlardir.

Universitemizin yayimladigi bu ilk sayi, akademik potansiyelimizin goriiniir hale gelmesi,
bilimsel iletisimin gelismesi ve arastirmacilar arasinda is birliginin artmasi agisindan giiglii bir
baslangi¢ niteligindedir. Dergimizin, gelecekte de bilimsel etik ilkeler ¢ercevesinde nitelikli
aragtirmalara yer veren, akademik cesitliligi destekleyen ve bilim diinyasina degerli katkilar
sunan bir yayin organi olacagina inaniyorum.

Bu 6nemli adim, iiniversitemizin arastirma kapasitesini gelistirme, bilgi iiretimini tesvik etme
ve akademik itibar1 giiglendirme yoniindeki kararliligini bir kez daha ortaya koymaktadir.
Akademik yayincilik alanindaki bu basari, kurumumuzun bilimsel kimligini pekistirecek ve
akademik toplulugumuza yeni ufuklar agacaktur.

Universitemizin saglik alaninda ilk akademik dergisinin yayimlanmasi dolaysiyla tiim
akademik camiamizi tebrik ediyor; bu yayinin uzun yillar boyunca bilim diinyasina katk:

sunacak kalic1 bir eser olarak varligini siirdiirecegine olan inancimi ifade ediyorum.

Prof. Dr. Mahir KADAKAL
Avrasya Universitesi Rektorii

AVRASYA
UNIVERSITESI




Degerli Okuyucular,

Bilimsel bilginin paylasimi, insanlhigin ilerlemesinin temel taslarindan biridir. Bugiin,
disiplinler arasi is birligini tesvik eden, saglik bilimlerinin farkli alanlarini bir araya getiren
Avrasya Universitesi Saglik Bilimleri Dergisi'nin ilk sayisin sizlerle bulugturmanin gururunu
yastyoruz.

Giintimiizde saglik alani, yalnizca tip veya hemsirelik gibi tekil disiplinlerle sinirli degildir.
Beslenme ve diyetetikten odyolojiye, fizyoterapiden hemsirelige, ebelige, psikolojiye halk
sagligindan molekiiler biyolojiye kadar uzanan genis bir yelpazede bilgi tiretimi ve paylasimi
s0z konusudur. Bu dergi, saglik bilimlerinin biitiin bu bilesenlerini kapsayan, ¢ok disiplinli bir
bakis agistyla hazirlanmistir. Amacimiz hem klinik hem de temel bilimlerde giincel
aragtirmalarin, derleme makalelerin ve o6zgiin katkilarin yer aldigi giivenilir bir yaymn
platformu sunmaktir.

Bilimsel etik, tarafsizlik ve kalite ilkelerini benimseyen yayin politikamiz; aragtirmacilara yol
gosterici, uygulayicilara rehber, 6grencilere ise ilham verici nitelikte bir igerik sunmayi
hedeflemektedir. Tk sayimizda yer alan galigmalar, saghk bilimlerindeki giincel tartigmalari,
yeni yaklasimlar: ve farkli bakis agilarini okuyucularimiza ulastirmaktadir.

Ozellikle Karadeniz’den dogan bu girisimin, ulusal ve uluslararasi akademik diinyaya agilan
bir bilim kopriisi olacagina inanryoruz. Bolgesel degerlerin evrensel bilimsel katkilarla
bulusmasi, dergimizin en 6nemli vizyonlarindan biridir.

Bu siirecte emegi gecen tiim yazarlarimiza, hakemlerimize ve yayin kurulumuza tesekkiir
ediyorum. Siz degerli okuyucularimizin katkilar1 ve destegiyle dergimizin daha da gelisecegine

ve alaninda saygin bir kaynak haline gelecegine inaniyorum.

Bilimin 15181nda saglik dolu yarinlara ulagsmak dilegiyle,

Prof. Dr. Yavuz OZORAN
Bas Editor
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UNIVERSITESI
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The Effect of Clinical Education Level on Professional Empathy in Dentistry: A Cross-
Sectional Study

Kiibra TORENEK AGIRMAN', Nazgol RAVANBAKHSH?', Fatma CAGLAYAN?

Abstract

Empathy is an important skill in healthcare and significantly affects doctor-patient relationships, patient
satisfaction, and clinical outcomes. This study aims to evaluate how clinical education affects empathy levels
among dental students and specialists using the Jefferson Scale of Physician Empathy-Student version (JSPE-S).
This descriptive study included a total of 495 participants: 380 undergraduate students, 96 postgraduate students,
and 19 specialist physicians. Data were collected through the JSPE-S and demographic questionnaires, both in
paper and online formats. Statistical analyses were performed using SPSS 20.0, applying independent t-tests,
ANOVA, and Posthoc Tamhane’s T2 tests to evaluate group differences. Internal consistency was assessed with
Cronbach’s alpha. The significance level was set at p<0.05. The average empathy score was numerically higher in
female participants (72.00+12.43) than male participants (70.02+12.39), although this was not statistically
significant (p=0.084). Undergraduate students (75.90+£9.66) showed significantly higher empathy scores compared
to postgraduate students (55.84+6.96) (p<0.001). Among undergraduates, fourth and fifth-year students
demonstrated the highest empathy levels (p<0.05). Specialists and postgraduate students had the lowest empathy
scores (p<0.001). The JSPE-S showed good internal consistency (Cronbach’s alpha = 0.873). Empathy reaches its
highest level during the first patient encounters in dental education and appears to decline in the later phases. These
findings demonstrate the importance of empathy-enhancing training (seminars, role-playing, etc.) both before and
after graduation to ensure high-level empathic patient care.

Keywords: Dentistry, empathy, Jefferson empathy scale, clinical education, dentistry students

Dis Hekimliginde Klinik Egitim Diizeyinin Mesleki Empati Uzerindeki Etkisi: Kesitsel
Calisma
Oz

Empati, saglik hizmetlerinde 6nemli bir beceridir ve doktor-hasta iliskilerini, hasta memnuniyetini ve klinik
sonuclart 6nemli dlgiide etkiler. Bu ¢alisma, klinik egitimin dis hekimligi 6grencileri ve uzmanlari arasinda empati
diizeylerini Jefferson Hekim Empati Olgegi-Ogrenci versiyonu (JSPE-S) kullanarak nasil etkiledigini
degerlendirmeyi amaglamaktadir. Bu tanimlayici nitelikteki caligmada 380 lisans 6grencisi, 96 lisanstistii 6grencisi
ve 19 uzman doktor olmak tizere toplam 495 katilimci ¢alismaya dahil edilmistir. Veriler JSPE-S ve demografik
anketler araciligiyla hem kagit iizerinde hem de cevrimigi formatlarda toplanmustir. Istatistiksel analizler SPSS
20.0 programinda, gruplar arasindaki farkliliklar1 degerlendirmek igin bagimsiz t-testi, ANOVA ve Posthoc
Tamhane'nin T2 testleri uygulanarak gergeklestirilmistir. I¢ tutarlihk Cronbach'in alfa testi kullanilarak
degerlendirilmistir. Istatistiksel anlamlilik diizeyi p<0.05 alindi. Ortalama empati puani kadm katilimcilarda
(72,00+12,43) erkeklerden (70,02+12,39) sayisal olarak daha yiiksekti, ancak istatistiksel olarak anlamli degildi
(p=0,084). Lisans odgrencileri (75,9049,66), lisansiistii 6grencilere (55,8446,96) kiyasla onemli dlglide daha
yiiksek empati puanlari sergilediler (p<0,001). Lisans 6grencileri arasinda, dordiincii ve besinci sinif 6grencileri
en yiiksek empati seviyelerini gosterdi (p<0,05). Uzmanlar ve lisansiistii 6grenciler en diisiik empati puanlarina
sahipti (p<0,001). JSPE-S 6l¢egi iyi bir i¢ tutarlilik gosterdi (Cronbach alfa = 0,873). Dis hekimligi egitiminde
hasta ile ilk temasta empatik yaklasim en yiiksek seviyeye ulasirken ilerleyen donemlerde empatinin diistiigii
goriiliiyor. Bu bulgular, yiiksek diizeyde empatik hasta bakimi saglamak icin hem mezuniyet dncesi hem de
mezuniyet sonrast donemde empatik yaklagimi gii¢lendirici egitimlerin (seminer, drama oyunlar1 vs) énemli bir
gereklilik oldugunu gostermektedir.

Anahtar Kelimeler: Dis hekimligi, empati, Jefferson empati 6l¢egi, klinik egitim, dis hekimligi 6grencileri
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1. Introduction

The word empathy (from Greek empathia) is defined as the ability of a person to place
themselves in someone else’s position and understand their emotions, thoughts, and behaviors.!
Cognitive empathy refers to understanding a person’s thoughts, while emotional empathy refers
to understanding their emotions. In the healthcare sector, understanding the emotions, thoughts,
and experiences of patients is referred to as clinical empathy. It can be described as a
cognitive/behavioral skill that encompasses understanding a patient’s symptoms and how those
symptoms affect them, and conveying this understanding effectively to the patient (Arshad et
al., 2024).

Medicine is a profession that requires one-on-one relationships with people. A physician’s role
is to identify and treat diseases. While performing this duty, the physician should remember
that the patient is a person and establish an empathetic relationship with them. An empathetic
relationship between the physician and patient increases patient satisfaction and can positively
influence the patient’s health status (Balos Tuncer et al., 2021). Furthermore, it enables the
physician to make more effective and accurate diagnoses and to behave more ethically toward
patients. Hardee et al. reported that physicians with empathetic tendencies are less likely to be
sued (Brekalo Prso et al., 2020). In a study by Keshtkar et al (Candan et al., 2015), it was stated
that empathy is a concept that changes over time and can thus be learned, noting that empathy
values decrease toward the final years of medical school. The same study also reported that
women tend to have higher empathy skills than men. Diseker et al. found a decline in empathy
skills over time in medical students. A positive relationship has been reported between empathy
and intelligence, socioeconomic status, and parenting style (Diaz-Narvéez et al., 2024).

Empathy also plays a critical role in dentist-patient relationships. The American Dental
Education Association has emphasized that empathy is the second most important clinical
competence in dental education and should be included in dental school curricula (Ghardallou
et al., 2022).

There are several scales available to measure empathy in the general population, but the
Jefferson Scale of Physician Empathy (JSPE) was specifically developed to measure empathy
in physicians (Hardee & Platt, 2010). Two versions are widely used: one for physicians/other
health professionals and one for students. The JSPE is a validated instrument for assessing
empathy in dental students as well as medical students (Arshad et al., 2024).

This cross-sectional study aims to assess the empathy levels of undergraduate and postgraduate
students, as well as specialist physicians at Atatiirk University Faculty of Dentistry, using the
Jefferson Scale of Physician Empathy-Student version (JSPE-S).

2. Materials And Methods

The study was approved by the Ethics Committee of Atatiirk University Faculty of Dentistry
(Decision No: 57/2023), and all procedures were carried out in accordance with the principles
of the Declaration of Helsinki. Written informed consent was obtained from all participants.

2.1. Population and Sample

The study included undergraduate and postgraduate students and specialist physicians (assistant
professor, associate professor, professor) from Atatiirk University Faculty of Dentistry in the



2023-2024 academic year.

Although the entire population was targeted, the study ultimately included 380 undergraduate
students, 96 postgraduate students, and 19 specialist physicians. The sample represented
37.38% of all undergraduate students and 34.43% of all postgraduate students and specialists
in the faculty. To compare pre-graduation and post-graduation groups, the minimum sample
size for each group was calculated as 88 using the G-Power 3.1 program (Universitit Kiel,
Germany) (effect size: 0.5; a: 0.05; power: 0.95).

2.2. Data Collection Tools and Procedure
Data for this descriptive study were collected in two ways:

1. By distributing paper forms to participants for completion.

2. By providing forms through online data collection tools (Google Forms).

The forms included questions on age, education level, gender, and the empathy assessment
scale. This scale comprises 20 items divided into three subdimensions: perspective-taking (10
items), compassionate care (7 items), and standing in the patient’s shoes (3 items). The first 10
items of the scale are positively worded, and the next 10 are negatively worded. Negative items
are reverse-scored when calculating the total empathy score. Higher scores indicate greater
empathic consistency.

2.3. Statistical Analysis

Data analysis was conducted using SPSS for Windows (IBM SPSS Statistics for Windows,
Version 20.0. Armonk, NY: IBM Corp.). Categorical variables were presented as frequencies
and percentages, while continuous variables were expressed as mean and standard deviation
(SD). Independent t-tests were used to compare empathy scores between two groups, while
one-way analysis of variance (ANOVA) was applied for comparisons between three or more
groups, followed by the Posthoc Tamhane’s T2 test. Internal consistency reliability was
evaluated with Cronbach’s alpha. A p-value of less than 0.05 was considered statistically
significant.

3. Results

Of the participants, 190 were male (38.38%) and 305 were female (61.62%). The study included
380 undergraduate students (102 first-year, 18 second-year, 74 third-year, 87 fourth-year, and
99 fifth-year students), 96 postgraduate dental students, and 19 specialists. Descriptive statistics
of the participants are presented in Table 1.

When empathy levels were compared by gender, the average empathy score for males was
70.02+£12.39 and for females 72.00+£12.43. Although the difference was not statistically
significant (p=0.084), empathy scores were numerically higher among female participants
(Table 2).

Comparison of Empathy Scores in Undergraduates and Postgraduates

Undergraduate students’ empathy scores (75.90+£9.66) were significantly higher than those of
postgraduate dental professional (postgraduate dental students and specialist physicians)
(55.84+6.96) (p<0.001; Table 3).



Comparison of Empathy Scores by Undergraduate Classes, Postgraduate Dental Students, and
Specialists Physicians

Empathy scores for each undergraduate classes, postgraduate dental students, and specialist
physicians are shown in Table 3. Fourth (77.5248.94) and fifth-year (77.5749.20) students had
significantly higher empathy scores compared to other groups (p<0.05). Postgraduate dental
students (55.7147.35) and specialist physicians (56.69+3.72) had significantly lower empathy
scores than other class groups.

Comparison of Empathy Scores in Preclinical Students, Clinical Students, and Postgraduate
Dental Professional

When evaluating empathy levels among preclinical students (first, second, and third years),
clinical students (fourth and fifth years), and specialist physicians, statistically significant
differences were observed (p<0.001). The highest empathy levels were observed in clinical
students (77.54+9.06), while the lowest were in specialist physicians (55.84+6.96) (Table 4).

The internal consistency reliability of the JSPE-S scale administered to dental students was
found to be good (Cronbach’s alpha = 0.873) (Table 5).

4. Discussion

In this study, factors affecting the empathy levels of dental students were examined
comprehensively and compared with findings from research conducted at other universities. In
general, many studies have shown that empathy levels vary during the educational process and
differ according to gender, age, and individual/family characteristics.

Studies examining empathy levels among undergraduate and postgraduate dental students have
produced differing results. For instance, Balos Tuncer et al (Hojat et al., 2001) observed a
significant decrease in empathy levels after graduation. This finding largely aligns with the
results of our study. This situation can be explained by factors such as increased clinical
responsibilities, professional role expectations, and greater time pressure in patient interactions.
Additionally, as students progress through their education, a shift from empathic approaches to
technical skills and task-oriented attitudes may also contribute to this decline. However, there
are also studies reporting higher empathy scores after graduation (Javed, 2019; Javed et al.,
2025). These conflicting findings may be due to methodological differences in the studies,
cultural and educational structures of sample groups, measurement tools, the nature of the
clinical environment, and the participants’ personal interpretation of empathy. In particular, in
some educational systems, clinical education may reinforce empathy by increasing students’
exposure to real patient experiences and placing greater emphasis on patient-centered
communication. Therefore, when evaluating differences in empathy levels, not only numerical
data but also contextual and cultural dynamics should be considered. The current literature
highlights the need for more multicenter and longitudinal studies on this topic.

Some studies have found that empathy levels are higher at the beginning of the educational
process, particularly among preclinical students (Jolliffe, 2002; Kam Hepdeniz et al., 2023).
The findings indicating a decline in empathy as students enter the clinical period have been
associated with factors such as the measurement tools used, the patient responsibilities assigned
to students, increasing stress levels, and the prioritization of technical skills over empathy
during training. In our study, the highest empathy levels were observed among clinical students,



while the lowest were among specialist physicians. This can be explained by the increased
patient contact experienced by clinical students, which helps improve their communication
skills and reinforce their empathy competencies. When examining the relationship between
academic year and empathy, studies have reported that fourth- and fifth-year students tend to
have the highest empathy levels (Arshad et al., 2024; Hojat et al., 2001). These findings are
also consistent with the results of our study.

In the context of gender differences, results in the literature are mixed. Many studies have
reported that females possess higher empathy levels than males (Keshtkar et al., 2024; Teke et
al., 2010).This has been attributed to women’s greater emotional sensitivity and tendency to
empathize. However, some studies have reported no statistically significant difference between
genders, or even higher empathy scores among male students (Arshad et al., 2024; Tzialla et
al., 2023). These findings suggest that cultural, individual, and pedagogical factors affecting
empathy can yield different results in different contexts. In our study, although the empathy
scores of females were numerically higher than those of males, this difference was not
statistically significant.

Family structure also stands out as a factor influencing empathy levels. Balos Tuncer et al
(Hojat et al., 2001). reported that students with siblings exhibited higher empathy levels. This
result suggests that experiences of emotional interaction with others from childhood may play
an important role in empathy development. In our study, the number of siblings was not taken
into account.

There are also findings in the literature indicating that empathy levels decline as professional
seniority increases (Javed et al., 2025). This demonstrates that increasing technical
responsibilities and workload in medical practice may cause empathic communication skills to
be neglected. Moreover, empathy levels have been reported to vary across specialties. For
example, pediatric dentistry specialists were found to have higher empathy scores compared to
other branches (Javed et al., 2025). This may be directly related to the patient profiles in
different areas of practice. In our study, differences between departments were not considered.

This study has some limitations. Firstly, the data were collected from a limited number of
university students within a specific time frame. This limits the generalizability of the findings
to all dental students. Furthermore, the study’s reliance predominantly on undergraduate student
participants and relatively fewer postgraduate participants provides limited insight into how
empathy levels evolve in clinical practice after graduation. Therefore, it is recommended that

future research include larger-scale, comparative studies involving both students and practicing
dentists. Another limitation lies in the use of self-report questionnaires as the data collection
tool. This carries the risk that participants may not fully reflect their true thoughts and emotions
due to social desirability bias. Additionally, individual and environmental variables affecting
participants’ empathy perceptions and attitudes (such as duration of clinical experience,
education type, and cultural background) could not be analyzed in depth, which constitutes
another limitation of the study.




Table 1. Descriptive statistics of the participants (Ntotal=495)

N %
Gender Male 190 38.38
Female 305 61.62
Groups
1.class 102 20.61
2.class 18 3.64
Undergraduate students 3.class 74 14.95
4.class 87 17.58
5.class 99 20.00
Postgraduate students 96 19.39
Specialist physicians 19 3.84
Table 2. Comparison of empathy scores according to gender and graduation status
Gender Mean+SD t p
Male 70.02+12.39
Empathy score -1.733 0.084
Female 72.00+£12.43
Graduation status
Empathy score Undergraduate 75.90+£9.66 20.693 0.000%*
Postgraduate 55.84+6.96
*: p<0.001, SD: standard deviation, t: Student t-test
Table 3. Comparison of empathy scores in different grades, asistants and experts.
N Mean+SD Minimum Maximum P
Grade 1 102 72.2849.48%P 54 95
Grade 2 18 76.22+11.18b 60 94
Grade 3 74 76.68+9.86*° 52 100
Grade 4 87 77.52+8.942° 56 97 0.000%
Grade 5 99 77.57+£9.20° 52 95
Asistant 99 55.71£7.35¢ 20 69
Expert 16 56.69+3.72¢ 52 63
Total 495 71.24+12.44 20 100

*: p<0.001, N: say1, SD: standart sapma, *><: Indicate values that are significantly differentat 0.05% probability level (Posthoc Tamhane’s T2
test)

Table 4. Comparison of empathy scores in preclinical students, clinical students and specialists.

N Mean+SD Minimum Maximum p
Preclinic 194 74.32+9.98* 52 100
Clini 186 77.54+9.06° 52 97
inic 0.000*
Expert 115 55.84+6.96° 20 69
Total 495 71.24+12.44 20 100

*: p<0.001. *><: Indicate values that are significantly differentat 0.05% probability level (Posthoc Tamhane’s T2 test)




Table S. Scale expressions and internal consistency of the scale

Mean SD N

Compassionate care

My understanding of how my patients and their families feel does not influence

11 my medical or surgical treatmenta 348 1.148 495

12 | Itry not to pay attention to my patients’ emotions in history taking 345 | 1.174 495
Attentiveness to my patients’ personal experiences does not influence treatment

13 3.72 | 1.075 | 495

outcomesa

Patients’ illnesses can be cured only by medical or surgical treatment; therefore,
14 | emotional ties to my patients do not have a significant influence on medical or 370  1.063 495
surgical outcomes

Asking patients about what is happening in their personal lives is not helpful in

15 understanding their physical complaints 3.57 1039 495

16 | I believe that emotion has no place in the treatment of medical illness. 376  1.077 495

17 | 1do not enjoy reading non-medical literature or the artsa 370 1.075 495
Standing in patient’s shoes

18 | It is difficult for me to view things from my patients’ perspectives 371 942 | 495
Because people are different, it is difficult for me to see things from my patients’

19 perspectives 3.54 999 | 495
I do not allow myself to be influenced by strong personal bonds between my

20 patients and their family members 276 | 1.090 495

Internal consistency coefficient (Cronbach alpha) 0.873
Perspective taking

1 My patients feel better when I understand their feelings 373 1416 @ 495
I consider understanding my patients’ body language as important as verbal

2 communication in caregiver-patient relationships 379 1338 495

3 I have a good sense of humor that I think contributes to a better clinical outcome 341  1.165 495
try to imagine myself in my patients’ shoes when providing care to them

g YO ThesmEmY yP When providing 3.67 1192 495
My patients value my understanding of their feelings which is therapeutic in its

5 own right 3.59  1.111 495
I try to understand what is going on in my patients’ minds by paying attention to

6 their non-verbal cues and body language 363 1152 495

7  Empathy is a therapeutic skill without which my success in treatment is limited 358  1.131 @ 495
An important component of the relationship with my patients is my understanding

8 | of their emotional status, as well as that of their families 3.43 1.140 495

9 I try to think like my patients in order to render better care 358  1.171 @ 495
I believe that empathy is an important therapeutic factor in medical or surgical

10 345 | 1.356 | 495

treatment

SD: Standart Sapma, N: say1

5. Conclusion

Empathy levels are influenced by numerous factors, including personal characteristics, cultural
background, educational processes, and professional experiences. Developing and sustaining
empathic communication skills in dental education not only increases patient satisfaction but
also enhances dentists’ professional satisfaction and sense of ethical responsibility. Based on



the findings of this study, it is recommended that specifically structured training programs be
implemented in dental education to preserve and enhance empathic skills. These programs
should incorporate activities aimed at fostering empathy, such as communication seminars,
role-playing exercises, drama techniques, and case analyses. Moreover, empathy training
should not be confined to preclinical periods but should also continue throughout clinical
practice. Integrating such applications into the training processes of both students and
postgraduate dentists would ensure the sustainability of an empathic approach during both pre-
and post-graduation periods. Additionally, future comparative studies conducted with larger
samples from different universities could contribute to a more comprehensive and in-depth
understanding of the factors underlying changes in empathy levels.

Cikar Beyani: Yazarlarin herhangi bir ¢ikar ¢catigmasi bulunmamaktadir.

Etik Beyani: Bu ¢alismanin tiim hazirlanma siireglerinde etik kurallara uyuldugunu yazarlar beyan eder. Aksi bir durumun
tespiti halinde Avrasya Universitesi Saglik Bilimleri Dergisi’nin hi¢bir sorumlulugu olmayip, tiim sorumluluk galismanin
yazarlarina aittir.
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Evaluation of The Physicochemical Properties of the Baltaci Stream Water in Trabzon
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Abstract

This study was conducted to assess the water quality of the Baltac1 Stream, located in the Hayrat district of Trabzon
province. Water samples were collected from two different stations and analyzed in terms of various
physicochemical parameters. The examined parameters included pH, dissolved oxygen (DO), total hardness,
calcium, magnesium, and temperature. The findings are crucial for evaluating the potential impacts of
hydroelectric power plants on water quality. The analyses revealed that the pH values were measured as 7.8 at
Station 1 and 7.74 at Station 2. The dissolved oxygen concentrations were determined to be 8.53 mg/L and 8.44
mg/L, respectively. The total hardness was recorded as 87.24 mg CaCOs/L at Station 1, while it decreased to 57.65
mg CaCOs/L at Station 2. Water temperature measurements indicated values of 11°C at Station 1 and 13°C at
Station 2. The results suggest that although certain variations in water quality were observed in the Baltac1 Stream,
these changes were not statistically significant (p>0.05).

Keywords: Water quality, hydroelectric power plant, physicochemical analysis, Trabzon Baltaci Stream

Trabzon Baltaci Deresi Suyunun Fizikokimyasal Ozelliklerinin Incelenmesi
Oz
Bu calisma, Trabzon ili Hayrat ilgesinde bulunan Baltaci Deresi'nin su kalitesini belirlemek amaciyla
gerceklestirilmistir. Iki farkli istasyondan alman su ornekleri, gesitli fiziko-kimyasal parametreler agisindan
incelenmistir. Analiz edilen parametreler arasinda pH, ¢Oziinmiis oksijen (DO), toplam sertlik, kalsiyum,
magnezyum ve sicaklik bulunmaktadir. Bulgular, hidroelektrik santrallerin su kalitesi iizerindeki olas etkilerini
degerlendirmek agisindan 6nemlidir. Yapilan analizlerde, pH degerleri Istasyon 1°de 7.8, istasyon 2°de 7,74 olarak
Ol¢iilmiistiir. Cozlinmiis oksijen miktar1 sirasiyla 8,53 mg/L ve 8,44 mg/L olarak belirlenmistir. Toplam sertlik
Istasyon 1°de 87,24 mg CaCOs/L iken, Istasyon 2’de 57,65 mg CaCOs/L seviyesine diismiistiir. Su sicaklig1 ise
Istasyon 1°de 11°C, Istasyon 2’de 13°C olarak 6lciilmiistiir. Sonuglar, Baltac1 Deresi'nin su kalitesinde belirli

degisimler oldugunu ancak bu degisimlerin istatistiksel olarak anlamli farklilik gostermedigi ortaya koymaktadir
(p>0.05).

Anahtar Kelimeler: Su kalitesi, hidroelektrik santral, fiziko-kimyasal analiz, Trabzon Baltac1 Deresi

"Ogr. Gor. Dr. Meral BELDUZ KOLCU, Avrasya Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Laboratuvar Teknikleri
Programi, meral.belduz@avrasya.edu.tr, ORCID; 0000-0002-9760-4817

2 Ogr. Gor. Dr. Ziibeyde OZTEL, Avrasya Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Laboratuvar Teknikleri Programai,
zubeyde.oztel@avrasya.edu.tr, ORCID; 0000-0002-3826-0874

3 Sude KAYA, Avrasya Universitesi, Saghk Hizmetleri Meslek Yiiksekokulu, Tibbi Laboratuvar Teknikleri Programi, sudeekya@gmail.com,
ORCID; 0009-0002-0091-6011

4 Kardelen CEBECI, Avrasya Universitesi, Saghk Hizmetleri Meslek Yiiksekokulu, Tibbi Laboratuvar Teknikleri Programu,
kardelencebeci67@gmail.com, ORCID; 0009-0000-7242-0643

Autf/ Citation: Beldiiz Kolcu et al. (2025). Evaluation of The Physicochemical Properties of the Baltac1 Stream Water in Trabzon. Avrasya
Universitesi Saglik Bilimleri Dergisi, 1(1), 13-20. DOL:...



1. Introduction

Water is a fundamental requirement for the survival of all living organisms, and the preservation
of water quality is of critical importance for the sustainability of ecosystems. In the
contemporary era, increasing industrialization, agricultural activities, and energy production
processes exert significant pressure on water resources (FAO, 2022). Although hydroelectric
power plants (HPPs) are considered prominent among renewable energy sources, they can alter
the natural flow regime of rivers, leading to changes in water quality. These alterations may
directly affect the living conditions of aquatic organisms (Kocabas et al., 2013).

Freshwater ecosystems are of great importance in terms of biological diversity, and changes in
water quality can have significant impacts on the balance of these ecosystems. Alterations in
water quality not only affect the survival of aquatic organisms but also directly influence human
activities such as agricultural irrigation, drinking water usage, and fisheries (Aydin, 2009).
Therefore, regular monitoring of water resources and the identification of potential sources of
pollution are essential requirements.

Baltaci Stream, located in the Hayrat district of Trabzon province, is a significant water resource
that plays a crucial role in sustaining aquatic life in the region. Assessing the water quality of
this stream is essential for understanding the current ecological status and evaluating the
potential impacts of human activities, such as HPPs. In particular, the effects of HPPs on stream
water temperature, oxygen levels, and mineral content are of critical importance for ecosystem
health. Previous studies have demonstrated that HPPs can induce physical, chemical, and
biological alterations in river ecosystems (Kocabas et al., 2011).

In this study, water samples collected from the Baltac1 Stream were analyzed in terms of various
physicochemical parameters, and the potential effects of HPPs on water quality were evaluated.
The obtained data provide valuable insights for the sustainable management of water resources.
The findings of this study aim to contribute to the identification of future measures to protect
regional water resources and mitigate potential impacts on the ecosystem.

2. Materials and Methods

In this study, water samples were collected from two different stations in the Baltact Stream,
located in the Hayrat district of Trabzon province, and analyzed in terms of various
physicochemical parameters. The sampling stations were selected to compare the natural state
of the water source with the potential impacts of the HPP. The first station (Figure 1-A) was
located near the main source of the stream, while the second station (Figure 1-B) was positioned

at the discharge point of the HPP. This selection was made to assess potential changes in water
quality induced by the HPP. Water samples were collected from both stations on September 29,
2024, during a rain-free day in the autumn season. During sampling, water temperature, pH,
dissolved oxygen (DO), total hardness, calcium, and magnesium levels were measured.
Additionally, the physical characteristics of the water, such as color, turbidity, and temperature,
were observed on-site. All measurements were conducted following standard laboratory
protocols.




Agsa yer

Figure 1: A: Coordinates of the first station: 40.6869430- 40.3598210 (Dagonii) B: Coordinates of the second
station: 40.6869430- 40.3674850 (Yenikoy)

The collected water samples were placed in clean five-liter plastic containers, protected from
light and temperature fluctuations during transportation, and analyzed as soon as possible at
the Trabzon State Hydraulic Works (DSI) 22nd Regional Directorate Chemistry Laboratory.
The measurement parameters and methods used in this study are as follows: The pH of the
water samples was measured wusing apH meter, following the TS EN ISO
10523:2012 standard. DO levels were determined using the Winkler method, as specified
in APHA (2017). Total hardness was analyzed using the EDTA titration method, in accordance
with TS 266. The concentrations of calcium and magnesium were measured using the Atomic
Absorption Spectrophotometry (AAS) method, following ISO 7980:2000.
Water temperature was measured instantly on-site using a digital thermometer.

The obtained data were evaluated in accordance with the Regulation on Surface Water Quality
Management (Ministry of Agriculture and Forestry, 2021) and the Fisheries
Regulation (Ministry of Agriculture and Forestry, 2022) currently in force in Tiirkiye.
Additionally, the results were compared with the water quality criteria established for trout
farming. To determine whether the differences between the measured parameters were
statistically significant, an Independent Samples t-Test was applied. The normality distribution
of the data was assessed using the Kolmogorov-Smirnov test, and parametric tests were used
for variables that met the assumption of normality. The differences between the data were
analyzed using SPSS (version 26.0) statistical software, with a p-value < 0.05 considered
statistically significant.




3. Results

The analysis of water samples collected from two different stations in the Baltac1 Stream
revealed that the pH values were measured as 7.8 at Station 1 and 7.74 at Station 2 (Figure 2).
This slight difference indicates that the HPP does not significantly affect the acidic or basic
characteristics of the water. However, the slight decrease in pH suggests a micro-level alteration
in the chemical composition of the water.

The dissolved oxygen (DO) concentration was measured as 8.53 mg/L at Station 1 and 8.44
mg/L at Station 2 (Figure 2), indicating a 1% decrease between the two stations. This reduction
suggests that the HPP alters the water flow regime, leading to a decline in the water's
oxygenation capacity. However, this decrease has not yet reached a critical level for oxygen-
demanding species such as trout.

The total hardness values were measured as 87.24 mg CaCOs/L at Station 1 and 57.65 mg
CaCOs/L at Station 2 (Figure 2), indicating a significant reduction in hardness. This finding
suggests that the HPP has a substantial impact on the mineral content of the water. The decrease
in hardness may limit aquatic organisms' access to essential minerals such as calcium and
magnesium, potentially leading to negative effects on ecosystem health.

The calcium concentration was measured as 29.55 mg/L at Station 1 and 19.46 mg/L at Station
2, while the magnesium concentration was recorded as 3.25 mg/L and 2.19 mg/L, respectively
(Figure 2). This 34% decrease indicates that the HPP has a negative impact on the mineral
composition of the water. Calcium is a critical element for fish skeletal development and shell
formation in crustaceans. Therefore, this reduction in calcium and magnesium levels may pose
a threat to the health of aquatic organisms.

At Station 1, the magnesium concentration was measured as 3.25 mg/L, while at Station 2, it
was recorded as 2.19 mg/L (Figure 2). This 32% decrease suggests that the HPP disrupts
the ionic balance of the water. Since magnesium is a crucial element for photosynthesis in
aquatic plants, its reduction may negatively affect ecosystem balance by impairing primary
production and nutrient cycling.

The water temperature was recorded as 11°C at Station 1 and 13°C at Station 2 (Figure 2).
This 2°C increase may be attributed to the slower water flow caused by the HPP, which allows
the water to be exposed to greater solar radiation. An increase in temperature can lead to
a decline in dissolved oxygen levels and affect the metabolism of aquatic organisms, potentially
altering the ecological balance of the stream.
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Figure 2. Comparison of pH, dissolved oxygen, total hardness, calcium, magnesium, and temperature values
between Station 1 and Station 2.

According to the t-test analysis, the differences between the measured parameters were found
to be not statistically significant (p > 0.05) (Table 1). The results indicate that while the HPP
induces some changes in the water quality of the Baltac1 Stream, these alterations do not reach
a critical threshold that would significantly impact ecosystem health.

Table 1. Physicochemical analysis data of Trabzon Baltaci Stream between stations

Standard Station Standard

Parameter Station 1 Deviation-1 ) Deviation-2 Difference
pH 7.82 +0.05 7.74 +0.05 -0.06
Dissolved Oxygen (mg/L) 8.53 +0.01 8.44 +0.01 -0.09
Total Hardness (mg CaCOs/L) 87.24 +5.23 57.65 +3.46 -29.59
Calcium (mg/L) 29.55 +1.77 19.46 +1.17 -10.09
Magnesium (mg/L) 3.25 +0.10 2.19 +0.07 -1.06
Temperature (°C) 11 +0.01 13 +0.01 +2.0

4. Discussion

The obtained data indicate that the analyses conducted in the Baltaci Stream are comparable to
the 2024 water quality study for trout farming conducted in Feke district (Ercen et al., 2024).
In the Feke study, pH values were recorded in the range of 7.12—7.11, while dissolved oxygen
levels were 11.10 mg/L and 10.63 mg/L. Although these values are slightly higher than those
measured in the Baltac1 Stream, both studies confirm that the water quality is suitable for trout
farming.

Additionally, a study by Kocabas et al. (2013) examined the effects of HPPs on aquatic
ecosystems, highlighting that HPPs alter the flow regime of riverbeds and may lead to
a decrease in dissolved oxygen levels. In the Baltac1 Stream, significant reductions in total



hardness, calcium, and magnesium levels were observed due to the impact of the HPP. These
findings are consistent with those reported by Kocabas et al. (2013). However, the obtained
data suggest that while the HPP has a partial influence on water quality, it does not pose a
critical threat to ecosystem health.

5. Conclusion and Recommendations

This study's physicochemical analyses of the Baltaci Stream indicate that while HPPs induce
certain changes in water quality, these alterations do not pose a critical threat to ecosystem
health. However, the findings underscore the importance of conducting long-term monitoring
studies to enable the early detection of potential changes in water quality.

1. Establishing seasonal monitoring programs in the Baltaci Stream to continuously
track pH, dissolved oxygen, and hardness levels.

2. Regulating the water flow regimeof HPPs to align withnatural flow
patterns to minimize their impact on water temperature.

3. Constructing ecosystem-supporting structures, such as fish passages, to preserve
migration routes for aquatic organisms.

4. Implementing biological monitoring programs to assess and ensure the health of local
fish populations.

5. Increasing community awareness and encouraging local participation in ecosystem
management efforts.

Cikar Beyani: Yazarlar arasinda ¢ikar ¢atismasi yoktur. (Birden fazla yazar varsa doldurulacaktir)

Etik Beyami: Bu ¢alismanin tiim hazirlanma siireclerinde etik kurallara uyuldugunu yazarlar beyan eder. Aksi bir
durumun tespiti hilinde Avrasya Universitesi Saglik Bilimleri Dergisi’nin hicbir sorumlulugu olmayip, tiim
sorumluluk ¢aligmanin yazarlarina aittir.

Yazar Katkisi: Yazarlarin katkis1 agagidaki gibidir; (Birden fazla yazar varsa doldurulacaktir)

MBK, ZO: Giris

MBK, Z0, SK, KC: Literatiir

MBK, ZO: Metodoloji

MBK, Z0, SK, KC: Sonug

1. yazarm katki orani: orani: %. yazarin katki orani: %.100, 3. yazarmn katki orani:%100, 4. yazarin katki
oran1:%100

Conflict of Interest:orani: %thors declare that they have no competing interests. (To be filled if there is more
than one author)

Ethical Approval: The authors declare that ethical rules are followed in all preparation processes of this study.
In the case of a contrary situation, Avrasya University Journal of Health Sciences bears no responsibility;
all responsibility lies with the authors of the study.

Author Contributions: author contributions are below; (To be filled if there is more than one author)

MBK, ZO: Introduction

MBK, ZO, SK, KC: Literature

MBK, Z0O: Methodology

MBK, Z0, SK, KC: Conclusion

Ist author's contribution rate: 100%, 2nd author's contribution rate:100 %, 3rd author's contribution rate:100 %,
4th author's contribution rate:100 %.



https://dergipark.org.tr/en/pub/acusbd

References

American Public Health Association. (2017). Standard methods for the examination of water
and wastewater (23rd ed.). Washington, D.C.: American Public Health Association.

Aydin, F. (2009). Trout biology and aquaculture techniques. Retrieved from
https://www.tarimorman.gov.tr/BSGM/Belgeler/Icerikler/Su%20Uriinleri%20Y etisti
riciligi/1-%20Alabalik%20Biyolojisi%20ve%20Y etistirme%20Teknikleri.pdf

Ergen, Z., Ozliier Hunt, A., Tabakoglu, S. S., Giizel, E., & Cevik, F. (2024). Determination of
water characteristics of trout farms for organic farming in Feke. Journal of Advances
in VetBio Science and Techniques, 9(1), 18-25.

Hall, S. J., Delaporte, A., Phillips, M. J., Beveridge, M., & O’Keefe, M. (2011). Blue frontiers:
Managing the environmental costs of aquaculture. Penang: WorldFish Center.

Kocabas, M., Bascmar, N., Kutluyer, F., & Aksu, O. (2013). Hydroelectric power plants and
fish. Turkish Scientific Review Journal, (1), 128-131.

Kocabas, M., Can, E., Kutluyer, F., Aksu, O., & Kayim, M. (2011, May 5-7). The effects of
human activities on the breeding areas of natural trout. Ecology Symposium, Diizce,
Tirkiye.

Ministry of Agriculture and Forestry. (2021, April 15). Surface water quality regulation.
Official Gazette of the Republic of Turkey, No. 31454. Retrieved September 25, 2025,
from https://www.resmigazete.gov.tr/eskiler/2021/04/20210415-5.htm

Ministry of Agriculture and Forestry. (2022, November 26). Communiqué on Broodstock Trout
Support in Aquaculture Hatcheries (Communiqué No: 2022/43). Official Gazette of
the Republic of Turkey, No. 32025. Retrieved September 25, 2025, from
https://www.resmigazete.gov.tr/eskiler/2022/11/20221126-5.htm



https://www.resmigazete.gov.tr/eskiler/2021/04/20210415-5.htm

Journal of Avrasya University Faculty of Healthy
Science

Avrasya Universitesi Saghk Bilimleri Fakiiltesi
Dergisi

E-ISSN: 3108-7078
Kabul / Accepted: 24.10.2025

Aragtirma/Research
https://doi.org/dergipark.org.tr/xx2025, 1(1), 21-30

An Evaluation of Senior High School Students’ Attitude Towards the Nursing
Profession Before and After Information Provision

Zila Ozlem KIRBAS', Elif ODABASI AKTAS?, Muazzez Merve TORAMAN?, Hafsa Kiibra ISIK?,
Vahide SEMERCI?, Ebru SONMEZ SARI®, Hiiseyin GUNES’, Zahide AKEREN®

Abstract

The objective of this study was to evaluate senior high school students’ attitude towards the nursing profession
before and after information provision. The study employed a one-group pretest-posttest experimental design and
was conducted at high schools located in a province of Turkey’s Eastern Black Sea Region. The study was
completed with 438 senior high school students. Data were collected through a “Personal Information Form” and
the “Attitude Scale for Nursing Profession”. The students’ pretest and posttest Attitude Scale for Nursing
Profession mean scores were 140.42+19.37 and 142.09+21.46, respectively. Based on a comparison of pretest and
posttest Attitude Scale for Nursing Profession total scores, the difference was found to be statistically significant
(p<0.05). The study showed that senior high school students’ positive attitude towards the nursing profession
increased after information provision.

Keywords: Nursing; profession; students; attitude

Lise Son Simif Ogrencilerinin Hemsirelik Meslegine Yonelik Bilgilendirme Oncesi ve
Sonrasi Tutumlarimin Degerlendirilmesi
Oz

Bu calisma lise son smif dgrencilerinin hemsirelik meslegine yonelik bilgilendirme o6ncesi ve sonrasi
tutumlarinin degerlendirilmesini amagladi. Calisma Tiirkiye nin Dogu Karadeniz Bdlgesindeki bir ilde bulunan
liselerde tek gruplu 6n test- son test deneysel desende yapildi. Calisma 438 lise son smif ogrencisi ile
tamamland1. Veriler “Kisisel Bilgi Formu” ve “Hemsirelik Meslegine Yonelik Tutum Olgegi” ile toplandi.
Ogrencilerin 6n test Hemsirelik Meslegine Yonelik Tutum Olgegi puan ortalamasi 140,42+19,37, son test
Hemgirelik Meslegine Yonelik Tutum Olgegi puan ortalamasi ise 142,09+21,46 bulundu. On ve son test
Hemgirelik Meslegine Yonelik Tutum Olgegi toplam puanlar karsilastirildiginda farkin istatistiksel olarak

anlamli oldugu bulundu (p<0.05). Lise son smif 6grencilerinin bilgilendirme sonrasinda hemsirelik meslegine
yonelik olumlu tutumlarmin arttig1 belirlendi.
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1. Introduction

Choice of a profession is to decide on the profession that an individual thinks they can do best
among all other career options and believe will bring them the highest satisfaction (Ozveren et
al., 2017). It is a very important decision as it shapes the person’s future lifestyle (Boliikbas,
2018). High school is a time when young people are required to make a career choice that will
affect their future in all aspects. The key for people to be successful and happy in their lives is
choosing a profession that suits their personal traits and which they have developed a positive
attitude towards (Cecen et al., 2020). This is even more so when it comes to the nursing
profession (Giiven, 2019). In a previous study, it was stated that the most effective factor in
choosing the nursing profession was the “attitude dimension” (Al-Omar, 2004). Persons who
choose and practice the profession of nursing with a negative attitude may exhibit the same
negativity in their behavior while working as a nurse (Giiven, 2019). Therefore, it is important
to know future nurse candidates’ attitude towards the profession. In this sense, it is suggested
that, along with the reasons why a student chooses nursing as a profession, their overall attitude
towards the profession should be determined and developed in a positive direction (Semerci
and Semerci, 2004). Nursing is a profession that needs to be chosen knowingly and willingly
in order for the nursing profession, which has very important responsibilities in protecting,
improving and enhancing human health, to develop and for individuals practicing this
profession to be successful (Pazarcikci and Dilmen, 2009).

Research has shown that when choosing the nursing profession, students ground this choice on
factors like “securing employment” and “acceptance to university”, usually without having
knowledge about the profession per se (Boliikbas, 2018; Ergilin and Giizel, 2016; Karadag et
al., 2015). In a study by Kog and Saglam (2009), 20.2% of high school students reported that
the reason for choosing the nursing profession was the desire to help people, the opportunity to
find a job, the interest they take in the profession, and the wish of their teachers and/or parents.
It has also been reported that students preferring the nursing profession are not familiar with
the working conditions and do not have sufficient knowledge about the profession (Aktas and
Giirkan, 2015). In a study by Eskimez et al. (2008), it was determined that although female
senior high school students expressed positive opinions about the nursing profession, they did
not have sufficient knowledge about it. For this reason, students should be informed so they can
get to know the nursing profession better (Kog¢ and Saglam, 2009).

While there are descriptive studies in the literature (Ko¢ and Saglam, 2009; Giiven, 2019;
Taskiran et al., 2020; Siimen et al., 2022) investigating into the views and attitudes of senior
high school students and nursing students towards the nursing profession, no study has been
found that evaluates the attitudes of high school seniors before and after information provision.
It was against this background that the researchers of this study felt the need to investigate the
attitudes of young people in the last year of high school, expected to choose a profession,
towards the nursing profession before and after information provision. It is thought that
informing senior high school students about the nursing profession within the scope of this
study will contribute to the literature in terms of evaluating their attitude towards the profession.
The primary objective of the study was to measure and evaluate senior high school students’
attitude towards the nursing profession before and after information provision.



1.1. Research Hypotheses

Hypothesis 0 (HO): There is no difference in the mean scores of students’ attitudes towards the
nursing profession before and after information provision.

Hypothesis 1 (H1): There is a difference in the mean scores of students’ attitudes towards the
nursing profession before and after information provision.

2. Material and Methods

2.1. Study design and participants

The research was conducted with one-group pretest-posttest experimental design, which is a
quantitative research method. Research population consisted of senior students enrolled in high
schools in a province in Turkey’s Eastern Black Sea Region in 2021-2022 spring semester.
There are a total of 13 high schools in that province. Since all public high schools receive the
same amount of funding from the state, there is no socioeconomic difference between schools.
The number of senior students studying in these high schools is 830 in the city center and 906
in total. The reason why senior high school students were selected for the study was that these
students are nearing graduation, and hence, are required to plan their future careers. The study
did not employ the sampling method, but instead, the whole population was tried to be reached.
A total of 438 students who agreed to participate in the study and filled out the data collection
tools in a complete manner were included in the study.

First, the participants were asked to fill out both the personal information form and ASNP.
Afterwards, information about the nursing profession was provided with the materials prepared
to familiarize the students with the profession. The information given to the students contained
the definition of nursing, assignment and working conditions of the profession. Lastly, the
participants were asked to fill out the ASNP again. The data were collected in the students’ own
classrooms in about one class hour, taking care not to disrupt the education and lectures of the
students.

2.2. Questionnaire

Research data were collected face-to-face from 01 April to 15 June 2022 using a “Personal
Information Form”, which was prepared by the researchers and included the sociodemographic
characteristics of the students and their families, and the “Attitude Scale for Nursing Profession
(ASNP)”. Personal Information Form: The personal information form was created by the
researchers based on a review of relevant literature (Eskimez et al., 2008; Giiven, 2019; Kog
and Saglam, 2009). It is a 14-item questionnaire including questions about gender, age, family
type, income status and the like. Attitude Scale for Nursing Profession (ASNP): Developed by
Ipek Coban and Kasikei (2011), ASNP is a Likert-type 40-item scale. Each response on this
Likert-type scale is rated from 1 to 5. The scoring for positive items was 1 (“strongly disagree”),
2 (“disagree”), 3 (“neutral”), 4 (“agree”) and 5 (“strongly agree”). The reverse scored items of
ASNP were the items numbered 21, 23, 25, 26, 28, 30, 34 and 38. The scale has three sub-
dimensions: characteristics of the nursing profession (1-18), preference for the nursing
profession (19-31) and attitude towards the general state of the nursing profession (32-40). The
higher the score obtained from the scale, the higher the respondent’s positive attitude towards
the nursing profession. A minimum of 40 and a maximum of 200 points can be obtained from



the scale. A total score of above 120 is suggestive of a positive attitude towards the profession.
The Cronbach’s Alpha coefficient of the scale is 0.91. The Cronbach’s Alpha coefficient in our
study was found to be 0.84.

2.3.  Data analysis

Data were analyzed by IBM SPSS (Statistical Package for Social Sciences) v25. Statistical
significance level was accepted as p<0.05. Normal data distribution was measured using the
Kolmogorov-Smirnov normality test. Number and percentage were used for descriptive
statistics; and mean (X) £ standard deviation (SD) and minimum-maximum values were used
for continuous variables. Parametric tests were applied as the data were seen to be normally
distributed. Paired Samples Test was used for pretest and posttest analysis.

2.4. Ethical considerations

Scientific and universal principles were followed in this study. In this regard, the principles of
informed consent, autonomy, protection of confidentiality and privacy, equity, and
nonmaleficence/beneficence were abided by. The study was conducted in accordance with the
Declaration of Helsinki. The study was approved by the Ethics Committee of a university
(15.03.2022/64-04). Prior to research, permission was obtained from the Provincial Directorate
of National Education of the province where the research was conducted, as well as written
consents of the students’ parents. Before data collection, researchers informed the students
about the study and obtained their verbal/written consents. Those who volunteered were
included in the study.

2. Results

The students’ identifying characteristics are given in Table 1.

Table 1. Distribution of Students’ Identifying Characteristics

Variables n %
Age mean=17.70+0.64 (min=16, max=21)
Gender

Female 219 50.0
Male 219 50.0
Family type

Nuclear/Single-Parent 326 74.4
Large family 112 25.6
Income status

Income less than expenses 76 17.4
Income equal to expenses 276 63.0
Income greater than expenses 86 19.6
Maternal educational background

[lliterate / literate 29 6.6
Elementary school 231 52.7
Secondary school 109 24.9
High school 48 11.0
University graduate or higher degree 21 4.8




Table 1 (continued)

Variables n %

Paternal educational background

[literate / literate 17 3.9
Elementary school 113 25.8
Secondary school 112 25.6
High school 121 27.6
University graduate or higher degree 75 17.1
Maternal work status

Yes 53 12.1
No 385 87.9
Paternal work status

Yes 374 85.4
No 64 14.6
Number of siblings

No siblings 10 2.3

1 78 17.8
2 197 45.0
3 104 23.7
4 or more 49 11.2
School

Science High School 59 13.5
Anatolian High School 205 46.8
Vocational and Technical Anatolian High School 54 12.3
Anatolian Imam Hatip High School 82 18.7
Multi-Program Anatolian High School 38 8.7
School success

Low 10 2.3
Average 165 37.7
Good 190 43.4
Very good 73 16.7
Nurse in the family?

Yes 151 34.5
No 287 65.5
Ever been to a hospital?

Yes 332 75.8
No 106 242
Preference for the nursing profession

Yes 119 27.2
No 319 72.8
Total 438 100

Table 2 shows the distribution of the students’ pretest and posttest ASNP total and sub-
dimension scores. The students’ pretest and posttest ASNP mean scores were 140.42+19.37
(86-188) and 142.09+21.46 (79-192), respectively. Based on a comparison of pretest and
posttest ASNP total scores, the difference was found to be statistically significant (p<<0.05). No



significant difference was found between the students’ pretest and posttest scores for
“characteristics of the nursing profession” (p>0.05). On the other hand, a significant difference
was found between the students’ pretest and posttest scores for “preference for the nursing
profession” and “attitude towards the general state of the nursing profession” (p<0.05) (Table

2).
Table 2: Distribution of students’ pretest and posttest ASNP total and sub-dimension scores.
Pretest Posttest Test p degeri
Mean + SD Mean + SD
ASNP Sub-Di ion S
ub-Dimension Scores (Min-Max) (Min-Max)
t=-0.210
_ . : 69.43+11.23 69.51+12.44
Characteristics of the nursing profession (32-90) (25-90) p=0,834*
=-2.84
Preference for the nursing profession 4.1129.06 42.05+9.22 , 0 08058*
u =
EP (17-65) (13-65) P~
Attitude towards the general state of the 29.87+4.21 30.54+4.26 t=-3.629
nursing profession (17-41) (16-40) p=0,000*
140.42+19.37 142.09+21.46 =-2.647
ASNP Total S
otal Score (86-188) (79-192) p=0,008*

*Paired Samples Test
4. Discussion

Nursing is a profession that deals with human health, and it comes with certain challenges and
requires a high level of occupational professionalism (Glerean et al., 2017; Maymoun and
Sohail, 2020). It is important for the development of the profession that people who will choose
the nursing profession have knowledge about, and a positive attitude towards, the profession
(Ergilin and Giizel, 2016; Ko¢ and Saglam, 2009; Giiven, 2019). The results of this research
shed light on the attitudes of senior high school students towards the nursing profession before
and after information provision. The study revealed that senior high school students’ attitude
towards the nursing profession was positive before information provision and that this positive
attitude increased further after information provision (Table 2). Eskimez et al. (2008) reported
in their study that although female senior high school students expressed positive opinions
about the nursing profession, they did not have sufficient knowledge about it. Explaining the
characteristics and all aspects of the nursing profession to high school seniors will positively
affect their attitude towards the profession. Even though there is no study in the literature
evaluating the attitude towards the nursing profession before and after information provision,
the results of descriptive studies available in the literature have shown that students’ attitudes
towards the nursing profession are positive (Siimen et al., 2022; Seval and Sonmez, 2020;
Giliven, 2019; Al Mutair and Redwan, 2016; Zencir and Eser, 2016; Akoijam and Akoijam,
2015).

In our study, it was observed that students’ attitudes towards the characteristics of the nursing
profession were positive, which is similar to the findings of previous studies (Giiven, 2019;
Seval and S6nmez, 2020; Siimen et al., 2022). A positive attitude towards the characteristics of
the nursing profession will contribute to the development of the profession.



In our study, students’ attitudes in terms of preference for the nursing profession were positive
before information provision. The same positive attitude was observed increasingly after
information provision. Similar studies found that students thinking to choose the nursing
profession had a positive perception and attitude towards the profession (Giiven, 2019; Ak et
al., 2021). Students’ attitude towards the profession will not only affect their preference/non-
preference for the profession, but also the satisfaction and success they will get from the
profession in working life. It is believed that students preferring this profession with a positive
attitude will reflect this positivity on their individual behaviors in their future working life as a
nurse.

The present study showed that before information provision, the students had a positive attitude
towards the general state of the nursing profession and that this positive attitude increased after
information provision. This finding is similar to the results of previous studies stating that
students’ attitudes towards the general state of the nursing profession were positive (Seval and
Sonmez, 2020; Giiven, 2019; Stimen et al., 2022). The increase observed in the students’
positive attitude towards the general state of the nursing profession after information provision
is indicative of the importance of informing high school students about the nursing profession.

4.1. Study Limitations

One of the study’s limitations was that the study results could only be generalized to high school
seniors who participated in the study. Another limitation is that the researchers only worked
with one group, without inclusion of a control group. Notwithstanding the foregoing, the high
number of participants reflects the strength of the study. It is recommended that randomized
controlled trials be conducted for further research.

5. Conclusion

The study showed that the attitudes of senior high school students towards the nursing
profession were positive both before and after information provision, and that this positive
attitude increased after information provision.

In this sense, it is recommendable that high schools counseling services, nursing academicians,
nursing service managers and nursing associations engage in collaborative activities with a
view to increasing the positive attitude towards the nursing profession.

Considering that senior high school students are at a stage that requires them to choose a
profession, creating career education programs in high schools that explain the nursing
profession and organizing panels about the profession where nurses and academics will give
comprehensive information about the profession can be an effective tool in introducing, and
informing high school students about, the nursing profession.
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Diyabetes Mellituslu Hastalarda Dental implantlarin Biyomekanigi

Sema Nur SEVINC GUL", Faezeh NADERLOU?
Oz

Bu ¢alismanin amaci, dental implant basarisinda kritik bir rol oynayan osseointegrasyon siireci iizerine diyabetus
mellitusun (DM) etkilerini degerlendirmektir. Literatiirde yer alan deneysel hayvan g¢alismalar1 ve insanlarda
yapilan uzun dénemli klinik arastirmalar incelenerek diyabetin implant stabilitesi, osseointegrasyon ve alveolar
kemik iyilesmesi iizerindeki etkileri analiz edilmistir. Kontrolsiiz diyabetik bireylerde periodontal hastalik
prevalansi, dis kaybi, oral enfeksiyon insidansi ve yara iyilesmesinde gecikme oranlarinin arttig1 goriillmektedir.
Diyabete bagli osseointegrasyon bozukluklarinin temel mekanizmalar1 arasinda hiperglisemiye bagli kronik
inflamasyon, ileri glikasyon son iiriinlerinin (AGE) birikimi ve artmis reaktif oksijen tiirleri (ROS) {iretimi one
¢ikmaktadir. Bu biyolojik siiregler kemik rezorpsiyonunu artirmakta, kemik olusumunu azaltmakta ve fibroblast
fonksiyonlarin1 bozarak yara iyilesmesini olumsuz etkilemektedir. Hayvan caligmalarinda diyabetin periodontal
rejenerasyon ve osseointegrasyon iizerinde belirgin olumsuz etkileri gosterilmistir. Ancak insanlarda yapilan uzun
donemli ¢alismalarda, diyabetik ve diyabetik olmayan bireyler arasinda implant basarisi agisindan benzer sonuglar
bildirilmistir. Diyabet, 6zellikle kontrolsiiz seyrettiginde osseointegrasyon siirecini olumsuz etkileyebilmekte ve
implant bagarisini riske atabilmektedir. Ancak mevcut klinik kanitlar, iyi kontrol edilen diyabetik bireylerde
implant tedavisinin basar1 oranlarinin diyabetik olmayanlarla karsilastirilabilir oldugunu gostermektedir.

Anahtar Kelimeler: Biyomekanik; dental implant; diabetes mellitus; osseointegrasyon; stabilite
The Biomechanics of Dental Implants in Diabetes Mellitus Patients

Abstract

This study aims to investigate the impact of diabetes mellitus (DM) on the osseointegration process, which
constitutes a critical determinant of dental implant success. A comprehensive review of experimental animal
studies and long-term clinical investigations in humans was conducted to evaluate the influence of diabetes on
implant stability, osseointegration, and alveolar bone healing. Uncontrolled diabetes has been consistently
associated with an increased prevalence of periodontal disease, tooth loss, higher incidence of oral infections, and
delayed wound healing. The underlying mechanisms contributing to diabetes-related impairment of
osseointegration include chronic hyperglycemia-induced inflammation, accumulation of advanced glycation end
products (AGESs), and excessive production of reactive oxygen species (ROS). These pathophysiological processes
promote bone resorption, impair bone formation, and disrupt fibroblast function, ultimately compromising wound
healing. While animal studies have demonstrated pronounced adverse effects of diabetes on periodontal
regeneration and osseointegration, long-term clinical studies in humans have generally reported comparable
implant survival rates between diabetic and non-diabetic cohorts. Diabetes, particularly when poorly controlled,
may adversely affect osseointegration and jeopardize implant success. Nevertheless, current clinical evidence
suggests that in well-controlled diabetic patients, implant therapy achieves success rates comparable to those
observed in non-diabetic individuals.

Keywords: Biomechanic; dental implant; diabetes mellitus; osseointegration; stability
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1. Giris

Osseointegrasyon, implantin basarisi i¢in kritik éneme sahip olup, implant yiizeyi ile ¢evre
kemik dokusu arasinda dogrudan yapisal ve fonksiyonel bir baglantinin olusmasini ifade eder
(Cosola, 2025). Bu siireg, implant stabilitesine baglidir. Primer stabilite, implantin
yerlestirilmesinden hemen sonra saglanan mekanik sabitliktir ve kemik kalitesi, implant
tasarimi ile cerrahi teknikten etkilenmektedir. Sekonder stabilite ise kemik dokusunun implant
yiizeyine biyolojik olarak baglanmasiyla ortaya ¢ikan osseointegrasyon siirecini yansitir
(Pandey vd., 2022). Zaman igerisinde primer stabilite, biyolojik stabiliteye dontiserek implantin
uzun donem bagarisini belirler. Ancak diyabet mellitus (DM) gibi sistemik hastaliklar, 6zellikle
kontrolsiiz oldugunda, osseointegrasyon siirecini olumsuz etkileyebilmekte ve implant
tedavisinin basarisini riske atabilmektedir.

Diyabetik bireylerde periodontal hastalik prevalansi, dis kaybi orani, yara iyilesmesinde
gecikme ve oral enfeksiyon insidansinin arttig bildirilmektedir (Abiko vd., 2010; Khader vd.,
2006) Ozellikle kontrol altinda olmayan diyabet olgularinda gecikmis yara iyilesmesi (Golden
vd., 1999), osseointegrasyonun yavaslamasi (Chrcanovic vd., 2014; Moraschini vd., 2016) ve
marjinal kemik kayb1 (Jiang vd., 2021; Souto- Maior vd., 2019) gézlenmektedir. Diyabete bagh
osseointegrasyon bozukluklarinin mekanizmasi tam olarak ag¢ikliga kavusturulamamis olsa da;
hiperglisemiye bagl kronik inflamasyon (Andriankaja vd., 2012; Pacios vd., 2012; Pacios vd.,
2013), ileri glikasyon son iirlinlerinin (AGE) birikimi (Catalfamo vd., 2013; Alikhani vd., 2007)
ve artmis reaktif oksijen tiirleri (ROS) iiretimi (Bai vd., 2004; Mody vd., 2001; Yao vd., 2010),
kemik rezorpsiyonunu artirmakta ve kemik olusumunu azaltmaktadir. Ayrica oksidatif stres,
fibroblastlarin proliferasyonunu ve migrasyonunu bozarak yara iyilesmesini olumsuz yonde
etkilemektedir (Kido vd., 2017; Buranasin vd., 2018). Takeda ve ark. tarafindan yapilan hayvan
caligmalarinda diyabetin periodontal doku rejenerasyonunu engelledigi bildirilmistir (Takeda
vd., 2018). Bununla birlikte alveolar kemik iyilesmesinin, uzun kemiklere kiyasla daha uzun
sirdiigi de gosterilmistir (Mouraret vd., 2014). Diyabetik hastalarda implantlardaki
osseointegrasyon siireci, metabolik bozukluklar nedeniyle olumsuz etkilenebilir (Sachelarie
vd., 2025). Ayrica implantlarin oral mikrofloraya dogrudan maruz kalmasi, diyabetin implant
basaris1 ilizerindeki etkilerini artirabilmektedir. Bu nedenle konuyla ilgili pek ¢ok arastirma
hayvan modelleri iizerinde yiiriitiilmiistiir (Du vd., 2016; Hou vd., 2019; Yu vd., 2018).
Deneysel calismalar, diyabetin osseointegrasyonu olumsuz etkiledigini ortaya koyarken
(Takeshita vd., 1998; Giglio vd., 2000; Mc Cracken vd., 2000), insanlarda yapilan uzun dénemli
aragtirmalarda diyabetik ve diyabetik olmayan bireyler arasinda implant basarist agisindan
benzer sonuglar rapor edilmistir (Balshi vd., 1999; Shernoff vd., 1994).

2. Diyabet ve Osseointegrasyon

Osseointegrasyon, dental implant bagarisi i¢in kritik 6neme sahip olup, implant ylizeyi ile cevre
kemik dokusu arasinda dogrudan yapisal ve fonksiyonel bir baglantinin olugsmasiyla tanimlanir
(Cosola, 2025). Bu siire¢ implant stabilitesine baglidir. Primer stabilite, implantin
yerlestirilmesinden hemen sonra saglanan mekanik sabitlik iken, sekonder stabilite kemik
dokusunun implant yiizeyine biyolojik baglanmasiyla ortaya ¢ikar (Pandey vd., 2022). Zamanla
primer stabilite biyolojik stabiliteye doniiserek implantin uzun dénem basarisini belirler.



3. Diyabetin Osseointegrasyon Uzerindeki Biyolojik Mekanizmalari

Diyabet mellitus (DM), oOzellikle kontrolsiiz seyrettiginde, bu siireci olumsuz
etkileyebilmektedir. Diyabetik bireylerde periodontal hastalik prevalansi, dis kaybi orani, yara
tyilesmesinde gecikme ve oral enfeksiyon insidansi artis gostermektedir (Abiko vd., 2010)
(Khader wvd., 2005). Diyabet, kronik hiperglisemi ile Kkarakterize oldugundan,
osseointegrasyonu ¢esitli biyolojik yollarla bozar:

Oksidatif Stres ve Reaktif Oksijen Tiirleri (ROS): Yiiksek glikoz seviyeleri, reaktif oksijen
tiirlerinin (ROS) asir1 liretimini indiikleyerek oksidatif stresi artirir (Saito vd., 2022). Bu durum,
kemik iligi kaynakli mezenkimal kok hiicrelerinin (BMMSC'ler) proliferasyonunu ve
kalsifikasyonunu 6nemli 6l¢iide baskilar, bu da osseointegrasyonun bozulmasina yol acar (Saito
vd., 2022). Diyabetik grupta, peri-implant kemikte siiperoksit dismutaz 1 ekspresyonunun
mRNA seviyesinde ve immiinohistokimyada anlamli derecede diisiik olmasi, oksidatif strese
karst korumanin eksikligini gostermektedir (Hu vd., 2017). N-asetil-L-sistein (NAC) gibi
antioksidanlarm, yiliksek glikozun BMMSC'ler iizerindeki olumsuz etkilerini geri ¢evirme
potansiyeli gdsterilmistir (Saito vd., 2022).

Ileri Glikasyon Son Uriinleri (AGE'ler): Kronik hiperglisemi, periodontal dokularda geri
doniisli olmayan ileri glikasyon son iirtinlerinin (AGE'ler) birikimine neden olur (Ahmad vd.,
2025) (Javed ve Romanos, 2019). Bu AGE'ler, kollajen ve ekstraseliiler matrisin sentezini,
olgunlagmasint ve bakimini olumsuz etkiler (Ghiraldini vd, 2016). Peri-implant sulkus
stvisindaki AGE seviyeleri, prediyabetik ve tip 2 diyabetik hastalarda diyabetik olmayan
hastalara gore anlamli Gl¢iide daha yiiksektir ve sondlama derinligi (PD) ile marjinal kemik
kayb1 (MBL) ile pozitif korelasyon gosterir. Bu da AGE'lerin peri-implant iltthabinda 6nemli
bir rol oynadigini diisiindiirmektedir (Alrabiah vd., 2018).

Sistemik Kronik Enflamasyon: Diyabet, sistemik kronik iltihaplanmay1 artirir, bu da artan
apoptoz, azalan kemik olusumu ve artan kemik rezorpsiyonuna yol acar (Yao vd., 2010).
Diyabetik grupta, peri-implant alveolar kemikte TNF-a, IL-6, iNos ve Nox2 gibi enflamatuar
belirteclerin mRNA ekspresyon seviyeleri anlamli derecede yiiksektir (Saito vd., 2022).

Hayvan caligmalari, diyabetin periodontal doku rejenerasyonunu bozdugunu (Takeda vd.,
2018) ve alveolar kemik iyilesmesinin uzun kemiklere kiyasla daha yavas oldugunu ortaya
koymustur (Mouraret vd., 2014). Ayrica implantlarin oral mikrofloraya dogrudan maruz
kalmasi, diyabetin implant basarisi iizerindeki olumsuz etkilerini artirmaktadir (Sachelarie vd.,
2025; Du vd., 2016; Hou vd., 2019; Yu vd.,2018). Nitekim deneysel hayvan modellerinde
diyabetin osseointegrasyonu olumsuz etkiledigi gosterilmis olsa da (Takeshita vd., 1998)
(Giglio vd., 2000; McCracken vd., 2000), insanlarda yapilan uzun donemli ¢alismalarda
diyabetik ve diyabetik olmayan bireyler arasinda implant basarisi agisindan benzer sonuglar
bildirilmistir (Balshi vd., 1999; Shernoff vd., 1994).

Iyi tasarlanmis hayvan calismalari, implant osseointegrasyonu iizerine diyabetin etkilerini
anlamada kritik molekiiler ve hiicresel kanitlar sunmaktadir. Bununla birlikte, literatiirde Tip 1
diyabetes mellitus (T1DM) modellerine odaklanmanin daha yaygin oldugu goriilmektedir;
bunun nedeni, TIDM indiiksiyonunun T2DM’ye gore daha kolay ve maliyet etkin olmasidir.
Calismalarda kullanilan hayvan tiirleri, diyabet indiiksiyonu yontemleri, ila¢ uygulamalar1 ve
implant yerlestirme bolgeleri arasinda Onemli metodolojik farkliliklar mevcuttur.



Hiperglisemik seviyelerin genellikle yiliksek seyretmesi, insanlardaki kotii kontrol edilen
diyabeti yansitirken, protokol tutarsizliklar1 ve standardizasyon eksikligi, bulgularin
giivenilirligini sinirlamaktadir. Ayrica hayvan modeli ¢calismalarinda elde edilen bulgular ile
klinik uygulamalar arasinda belirgin tutarsizliklar bulunmaktadir. Bu durum; glisemik kontrol
diizeylerindeki degiskenlik, farkli ¢alisma siireleri, ilag dozajlar1 ve uygulama protokollerindeki
metodolojik farkliliklardan kaynaklanmaktadir. Kemik metabolizmasi, sistemik saglik durumu
ve lokal peri-implant ¢evre arasindaki karmagik etkilesim, diyabetik bireylerde implant
tedavisinin yonetimini gli¢lestirmektedir. Bu nedenle, gelecekteki arastirmalarin standardize
edilmis deneysel protokoller kullanarak anti-diyabetik ilaglarin ve lokal tedavi stratejilerinin
uzun donem implant basarist lizerindeki etkilerini degerlendirmesi 6nem tagimaktadir. Daha
biiyiik hayvan modellerinde ve intraoral implant uygulamalarinda yapilacak ¢alismalar, mevcut
kemirgen temelli bulgularin klinik gegerliligini test etmek acisindan gereklidir. Sonug olarak,
diyabetin farkli tipleri ve hastalik siireleri dikkate alinarak yiiriitiilecek kapsamli preklinik
aragtirmalar, implant basarisimm artirmaya yonelik daha etkili terapotik stratejilerin
gelistirilmesine katki saglayacaktir (Ghorbani vd., 2024).

4. Diyabetin implant Biyomekanigi Uzerindeki Etkileri

Bu biyolojik degisiklikler, implantin mekanik stabilitesi ve uzun dmiirliiliigii tizerinde dogrudan
etkilere sahiptir:

Kemik-implant Temas1 (BIC) ve Mekanik Tutuculuk: Diyabetik hayvan modellerinde, kemik-
implant temasi (BIC) ve itme kuvvetleri (push-out load) kontrol grubuna kiyasla anlamli
derecede diistiktiir (Saito vd., 2022). Kontrolsiiz diyabette, implantlarin mekanik tutuculugu
olumsuz etkilenir ve daha yiiksek kan sekeri seviyelerinin osseointegrasyonda daha ciddi
degisikliklere yol agabilecegi belirtilmistir (Margonar vd., 2003).

Marjinal Kemik Kayb1 (MBL): Diyabetik hastalarda, 6zellikle kotii kontrollii olanlarda, MBL
daha fazladir (Alrabiah vd., 2018). HbAlc seviyeleri %7'nin iizerinde oldugunda mezial ve
distal MBL'de anlamli farkliliklar kaydedilmistir (Bai vd., 2024).

Implant Sagkalim Orani ve Stabilite: Kontrollii diyabet (HbAlc < %8), implant sagkalim
oranlarin1 6nemli Ol¢giide etkilemez ve diyabetik olmayan popiilasyonlarla karsilastirilabilir
oranlar gosterir (bir y1lda %96.1-%97.3, bes y1lda %87.3-%96.1) (James vd., 2024). Ancak kotii
kontrollii diyabet (HbAlc > %8) durumunda, peri-implant saglik dlciitleri (MBL ve sondlama
derinligi gibi) olumsuz etkilenir ve implant sagkalim orani énemli Sl¢iide azalir (James vd.,
2024). Osseointegrasyonun, kotii glisemik kontrole sahip diyabetik hastalarda daha yavas
oldugu ve bu durumun daha uzun bir iyilesme siiresi gerektirdigi belirtilmistir (Aldahlawi vd.,
2021; Nourah vd., 2022). Implant stabilitesi (Osstell ISQ degerleri ile lgiilen) diyabetik
hastalarda baslangicta daha diisiik olabilir, ancak 12 aya kadar anlamli iyilesmeler gdsterir
(Sachelarie vd., 2025).

5. Diyabetin Implant Biyomekanigine Etkisi

Diyabetin implant biyomekanigi iizerindeki etkileri primer/sekonder stabilite, insersiyon torku
ve rezonans frekans analizi (RFA) ile degerlendirilmistir. Kontrollii diyabetli bireylerde
stabilite saglikli bireylerle benzer bulunurken, kotii kontrollii diyabetli olgularda primer
stabilite kaybi, mikro hareket artis1 ve marjinal kemik kayb1 daha sik gézlenmistir.



RFA, primer stabiliteyi invaziv olmayan sekilde degerlendirmekte ve iyilesme siirecinde
sekonder stabilitenin izlenmesine olanak saglamaktadir (Warram vd., 1990). Implant stabilite
katsayist (ISQ) 1-100 arasinda degigsmekte olup yiiksek degerler daha fazla stabiliteyi ifade
eder (Henderson vd., 2019). Cikarma torku testi de pratik bir yontem olarak kullanilmakta, 20
N-cm iizerindeki degerler stabilite lehine kabul edilmektedir (Wu vd., 2020). Implant
yerlestirilmesinden sonraki 20—60 giin arasi, osteoklastik aktivitenin artmasi nedeniyle primer
stabilitenin azaldigi kritik bir donemdir. Bu siire¢te implant {izerine binen yiikler mikro
hareketlere sebep olarak osseointegrasyonu olumsuz etkileyebilir (Ferreira vd.,2006; Lee vd.,
2014).

Prospektif bir kohort calismasinda tip 2 diyabetes mellituslu (T2DM) hastalarda implant
stabilitesi, RFA ile degerlendirilmis ve 6 ile 12 aylik takiplerde ISQ degerlerinde anlaml artig
saptanmistir. Bununla birlikte diyabetik grupta baslangic ISQ degerlerinin saglikli bireylere
kiyasla daha diisiik oldugu bildirilmistir. Ancak takip siirecinde hem Periotest hem de ISQ
Olctimlerinde iyilesme gozlenmis ve 12. ayda stabilite seviyeleri klinik olarak kabul edilebilir
diizeylere ulasmistir (Sachelarie vd., 2025). Bu sonuglar, diyabetin 6zellikle erken donemde
primer stabiliteyi olumsuz etkileyebilecegini, ancak iyi metabolik kontrol altinda sekonder
stabilitenin zamanla saglanabilecegini diigsiindlirmektedir.

Cameron ve ark., kemik-implant arayiiziindeki mikro hareketlerin 50—150 um arasinda tolere
edilebildigini, bu sinirin agilmasinin osseointegrasyonu engelledigini bildirmistir (Tsolaki vd.,
2009). Brunski ve ark. ise, bu mikro hareketlerin iyilesme doneminde osseointegrasyonun
basarisinda belirleyici oldugunu ve immediate yiikleme protokollerinin teorik temelini
olusturdugunu vurgulamistir (Jeffcoat vd., 2005). Dolayisiyla, primer stabilite uzun dénemli
osseointegrasyon i¢in 6n kosuldur (Ballantyne vd., 2015).

FEA c¢aligmalari, diyabetik bireylerde kemik yogunlugu ve trabekiiler yapiin degismesi
nedeniyle implant etrafindaki stres dagiliminin farkli oldugunu gdstermektedir (Dantas vd.,
2020). Ozellikle abutment ag1s1 ve implant geometrisi, kortikal ve trabekiiler kemik iizerindeki
gerilme yogunlugunu belirgin sekilde etkilemektedir (Erdogdu vd., 2024). Ayrica yeni implant
tasarimlarina iliskin bulgular, disli geometri ve materyal farkliliklarinin diistik kaliteli kemikte
bile biyomekanik gilivenligi artirabilecegini ortaya koymustur (Park vd., 2025). Bu sonuglar,
diyabetik bireylerde implant planlamasinda biyomekanik uyumun dikkatle degerlendirilmesi
gerektigini gdstermektedir.

6. Anti-diyabetik Tedaviler ve Implant Basaris

Diyabet tedavisinde kullanilan farmakolojik ajanlarin dental implant basaris1 tizerindeki etkileri
literatiirde farklilik gdstermektedir. Insiilin tedavisi, baz1 ¢aligmalarda kemik—implant temasini
(BIC) azalttig1 bildirilirken (Fiorellini vd., 1999), digerlerinde kemik olusumu ve
mineralizasyonu destekledigi rapor edilmistir (Goodman vd., 1984). Insiilin ve metformin
tedavileri ile ilgili literatiirde celiskili sonuglar bildirilmistir. Baz1 ¢alismalar insiilinin kemik
iyilesmesi ve osseointegrasyon lizerinde olumlu etkiler sagladigini gosterirken, digerleri
anlamli bir fark ortaya koymamistir (Javed & Romanos, 2009). Bu farkliliklarin, ¢alisma
tasarimlari, hasta se¢cimi (kontrollii ve kontrolsiiz diyabet olgular1) ve metabolik kontrol
diizeylerindeki heterojenlikten kaynaklanabilecegi diigiiniilmektedir (Chrcanovic et al., 2014).
Ayrica, deneysel model farkliliklari, ilag dozlari, uygulama siireleri ve metodolojik



yaklasimlardaki cesitlilikten kaynaklanabilecegi belirtilmektedir (Liu vd., 2022; Serrdo vd.,
2017). Ozellikle streptozotosin ile indiiklenen hayvan modellerinde metabolik yanitin insiilin
duyarliligma gore degiskenlik gostermesi, elde edilen sonuglarin genellenebilirligini
siirlamaktadir.

Metformin ile yapilan in vitro arastirmalar, bu ajanin osteoblast proliferasyonu, farklilagsmasi
ve mineralizasyonunu uyarabilecegini ortaya koymustur (Cortizo vd., 2006; Jiao vd., 2008)
(Kanazawa vd., 2008; Zhen vd., 2009). Molekiiler diizeyde metforminin, hiicresel enerji
sensOrii olan AMPK yolunu aktive ederek mitokondriyal fonksiyonu diizenledigi, oksidatif
stresi azalttig1 ve ileri glikasyon son tirlinlerinin (AGE) birikimini engelleyerek osteoblastik
aktiviteyi destekledigi bildirilmistir (Hu vd., 2017; Zhen vd., 2010). Hayvan c¢aligmalarinda
metformin uygulamasinin implant ¢evresi kemik iyilesmesini artirdigi, ancak kemik—implant
temasi lizerinde anlamli bir fark olusturmadigi rapor edilmistir (Inouye vd., 2014; Serrdo vd.,
2017). Bu farkliligin, doz ve uygulama siiresi gibi metodolojik faktorlerle iliskili olabilecegi
diistiniilmektedir.

GLP-1 reseptor agonistleri (GLP-1RA), peri-implant ve periodontal sagligin korunmasinda
umut verici ajanlar olarak ©ne c¢ikmaktadir. Hayvan ¢aligmalarinda, kemik yeniden
sekillenmesini destekledikleri, osteojenik gen ekspresyonunu artirdigi, inflamasyonu ve
oksidatif stresi azalttiklari, ayrica kemik kaybini sinirladiklar rapor edilmistir (Shen vd., 2018;
Wang vd., 2023). Klinik caligmalarda da GLP-1 kullanan bireylerde, 12 ve 24 aylik takiplerde
marjinal kemik kaybmin insiilin ve metformin gruplarina kiyasla daha diisiik oldugu
bildirilmistir (Ahmad vd., 2025).

Ayrica literatiirde, insiilin, GLP-1 reseptor agonistleri, DPP-4 inhibitérleri, biguanidler ve alfa-
glukozidaz inhibitorleri gibi farkli anti-diyabetik siniflarin, glisemik kontrol, kemik
metabolizmasi ve osseointegrasyon siiregleri iizerinde ¢esitli etkiler olusturdugu gdosterilmistir
(Rokaya vd., 2020). Insiilin, kemik iyilesmesi iizerindeki dogrudan etkisiyle dnemini korurken;
metformin ve eksenatid gibi ajanlar osteoblast aktivitesini destekleyip inflamasyonu azaltarak
potansiyel faydalar saglayabilmektedir. Buna karsin, bifosfonatlar gibi bazi ilaglar kemik
rejenerasyonunu olumsuz etkileyerek implant sonuglarini simirlayabilir (Kalaitzoglou vd.,
2019).

Metformin ve GLP-1RA’larin kemik metabolizmasini uyarip inflamatuar yanit1 baskilamalari
sayesinde implant basarisizligi riskini azaltabilecegi bildirilmistir. Ayrica insiilin veya
klorheksidin ile kaplanmis implant yiizeylerinin peri-implant dokularda inflamasyonu azaltma
ve osseointegrasyonu destekleme yoniinde olumlu etkiler olusturdugu belirtilmektedir. Ancak
bu lokal ilag salinim sistemlerinin uzun donem etkinligi ve giivenligi hakkinda daha fazla klinik
caligsmaya ihtiya¢ vardir (Rokaya vd., 2020).

Tim bu veriler birlikte degerlendirildiginde, anti-diyabetik ilaclarin implant ¢evresi kemik
dinamikleri iizerindeki etkilerinin yalnizca sistemik glisemik kontrol diizeyine degil, ayni

zamanda hiicresel enerji metabolizmasi, oksidatif stres tepkisi ve inflamatuar diizenleme
mekanizmalarina da bagli oldugu goriilmektedir.




7. Diyabetli Bireylerde Implant Planlamasina Yonelik Oneriler
7.1. Pre-operatif Degerlendirme ve Tibbi Stabilizasyon

Implantasyon oncesinde, hastanin HbAlc diizeyi ve sistemik durumu dikkatle
degerlendirilmelidir; zayif glisemik kontrol, erken kemik iyilesmesinde sapmalara yol acabilir
(Oates vd., 2014). Kontrollii diyabetli bireylerde implant basarisinin, diyabetik olmayanlara
benzeyebilecegi bildirilmistir (Wagner vd., 2022)

7.2. Cerrahi Planlama ve Primer Stabiliteye Odaklanma

Cerrahi asamada yiiksek primer stabilite saglanamadiginda erken yiikleme riski artar; HbAlc >
%S8,1 olan hastalarda implant stabilite diisiisleri daha belirgin olarak gozlenmistir (Oates vd.,
2014; Baldi vd., 2018). Primer stabilite, ileri osseointegrasyon basarist i¢in kritik bir unsur
olarak kabul edilir (Wagner vd., 2022)

7.3. Yikleme Zamanlamasi

Iyi kontrol edilen diyabetli hastalarda (HbAlc <~%7) erken yiikleme yapilabilirken, daha
yliksek HbAlc seviyelerinde gecikmeli yiikleme tercih edilmelidir (Oates vd., 2014).
Sistematik derlemler, perioperatif anti-enfektif terapinin implant bagarisini artirabilecegini
belirtmektedir (Wagner vd., 2022). lyilesme siiresinin uzatilmasi, daha ge¢ yiikleme
protokollerinin tercih edilmesi, implant ¢evresi dokularin diizenli araliklarla takip edilmesi ve
sistemik ilaglarin (6zellikle hipoglisemik ajanlarin) perioperatif siiregte olasi etkilesimlerinin
g6z oniinde bulundurulmasi 6nemlidir (Moraschini et al., 2015). Ayrica diyabetik hastalarda
periimplant mukozitis ve periimplantitis riskinin daha yiiksek olabilecegi dikkate alinmali ve
koruyucu bakim protokolleri titizlikle uygulanmalidir.

7.4. Perioperatif Enfeksiyon Kontrolii — Antisepsi + Antibiyotik

Destekleyici antibiyotik ve klorheksidin uygulamalarinin, diyabetik hastalarda implant
bagsarisini iyilestirmede standard protokol olarak Onerildigi literatiirde yer almaktadir. Bu
yaklasimlar, sistemik durumdan kaynaklanan yiiksek enfeksiyon risklerini azaltmada 6nem arz
eder (Wagner vd., 2022).

7.5. Ila¢ Etkilesimleri ve Sistemik Yonetim

Antidiabetik ilaglarin implant cerrahisi iizerindeki etkileri sinirli olarak incelenmis olup,
ozellikle metformin, insiilin gibi ajanlarin kemik iyilesmesini etkileyebilecegi arastirmalarda
one cikarilmistir. Sistemik ilaglarin yara iyilesmesi, inflamasyon ve kemik metabolizmasina
etkileri g6z onilinde bulundurulmali ve multidisipliner koordinasyon saglanmalidir (Ghorbani
vd., 2024).

8. Sonug

Literatiir, diyabetin implant basarisi agisindan 6nemli bir risk faktorii oldugunu ortaya
koymaktadir. Glisemik kontroliin saglanmasi implant stabilitesi ve uzun donem basarisi i¢in
krittk Oneme sahiptir. Kontrollii diyabetli bireylerde implant tedavisinin basariyla
uygulanabilecegi, ancak kotii kontrol durumunda komplikasyon riskinin arttig1 goriilmektedir.
Diyabet, osseointegrasyon siirecini ve implant biyomekanigini olumsuz etkileyebilmekte;



kemik-implant arayiiziinde mikro hareketlere, stres dagiliminda degisikliklere ve iyilesme
stirecinde gecikmelere yol acabilmektedir. Anti-diyabetik ilaglarin biyomekanik ve biyolojik
etkileri farklilik gosterse de ozellikle GLP-1RA ajanlarinin peri-implant sagligi korumada
gelecekte onemli bir terapdtik potansiyel sunabilecegi anlagilmaktadir.
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Sirkadiyen ritimler, merkezi ve periferik molekiiler saatler tarafindan kontrol edilen biyolojik islevlerimizdeki 24
saatlik dalgalanmalardir. Kan basinci, sabahlari keskin bir sekilde yiikselen, uyaniklik/aktif donemde zirveye
ulasan ve gece/aktif olmayan donemde diisen giinliik sirkadiyen ritim sergiler. Gece kan basincinda diigmeyen
bozulmalara veya bu sirkadiyen ritimdeki bozulmalar hipertansiyon, kardiyovaskiiler hastalik ve kronik bobrek
hastalig1 ile iligskilendirilmektedir. Krono-beslenme (chrononutrition), viicudun i¢ biyolojik saati olan sirkadiyen
ritimlere uygun 6giin zamanlamasini esas alan yenilik¢i bir beslenme yaklasimidir. Son zamanlarda sirkadiyen
ritimler, obezite, Tip 2 diyabet, kardiyovaskiiler hastaliklar, metabolik sendrom, hipertansiyon gibi bir¢ok hastalik
ve saglik sorunlarimin 6nlenmesi ve yonetimi i¢in potansiyel bir tedavi hedefi olarak dikkat ¢ekmektedir. Bu
baglamda, zeitgeber'ler (sirkadiyen ritimleri harekete geciren ¢evresel veya davranigsal ipuglarl) merkezi ve
periferik saatlerimizin diizenlenmesi i¢in zaman ipuglari sagladiklari i¢in 6zellikle dnemlidir. Beslenme/yeme
zamani iyi bilinen bir zeitgeber'dir ve bu nedenle Krono-beslenme, hastaliklarin 6nlenmesi igin potansiyel bir
yasam tarzi miidahalesi olarak ortaya ¢ikmaktadir. Krono-beslenmenin temelinde, Ogiinlerin giiniin belirli
saatlerinde tiiketilmesiyle insiilin, kortizol ve melatonin gibi hormon salinimlarinin optimize edilmesi yatmaktadir.
Giindiiz saatlerinde viicudun insiilin duyarlilig1 daha ytiksekken, gece azaldig1 igin gec saatte yemek yemek kan
sekerini yiikseltir ve insiilin duyarliligint bozabilmektedir. Krono-beslenmenin énemli bir modeli olan erken
zaman kisitlamali beslenme (eTRF), giinliikk kalori alimmin giiniin erken saatlerinde belirli bir zaman diliminde
tamamlanmasini hedeflemektedir. Bu yaklagim, metabolizmanin en verimli oldugu zaman dilimini kullanarak
sindirim sistemini gece saatlerinde yormamayi1 amag¢lamaktadir. Bu beslenme stratejisi, insiilin duyarliligini
artirarak tip 2 diyabet riskini azaltir ve kotii kolesterol (LDL) seviyelerini disiiriirken iyi kolesterol (HDL)
seviyelerini yiikseltmeye yardimer olmaktadir. Ayrica, kilo yonetiminde rol oynar ve kan basincini diizenleyerek
hipertansiyon riskini azaltmaktadir. Sonug olarak, krono-beslenme prensiplerinin bireysel diyet programlarina ve
halk saglig1 politikalarina entegrasyonu, metabolik hastaliklarin 6nlenmesinde ve tedavisinde yeni ve umut verici
bir yol sunabilir. Gelecekte, bu yaklagimin uzun vadeli etkilerini ve farkli popiilasyonlar tizerindeki sonuglarini
degerlendirecek genis dlgekli ¢aligmalara ihtiyag duyulmaktadir.

Anahtar Kelimeler: Sirkadiyen Ritim, Krono-Beslenme, Hormon, Metabolizma, Obezite

Chrono-Nutrition: Prevention And Management Of Metabolic Diseases Through A
Circadian Rhythm-Based Nutritional Approach

Abstract

Circadian rhythms are 24-hour fluctuations in our biological functions, controlled by central and peripheral
molecular clocks. Blood pressure, for example, demonstrates a daily circadian rhythm: it rises sharply in the
morning, peaks during the active/wake period, and declines during the night/rest period. Disruptions in this
rhythm—such as a failure of nocturnal blood pressure to decrease—are associated with hypertension,
cardiovascular disease, and chronic kidney disease. Chrono-nutrition is an innovative dietary approach that
emphasizes meal timing in alignment with circadian rhythms, the body’s internal biological clock. Recently,
circadian rhythms have gained attention as a potential therapeutic target for the prevention and management of
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many health conditions, including obesity, type 2 diabetes, cardiovascular diseases, metabolic syndrome, and
hypertension. In this context, zeitgebers (environmental or behavioral cues that regulate circadian rhythms) are
particularly important as they provide temporal signals to synchronize central and peripheral clocks. Meal timing
is a well-established zeitgeber, and thus, chrono-nutrition has emerged as a promising lifestyle intervention for
disease prevention. At the core of chrono-nutrition lies the optimization of hormone secretion—such as insulin,
cortisol, and melatonin—through meal consumption at specific times of the day. Since insulin sensitivity is higher
during the daytime and decreases at night, late-night eating can elevate blood glucose levels and impair insulin
response. One important model of chrono-nutrition is early time-restricted feeding (eTRF), which involves
consuming daily caloric intake within a defined early window of the day. This strategy leverages the body’s most
metabolically efficient period, reducing the digestive burden during nighttime. eTRF has been shown to improve
insulin sensitivity, lower the risk of type 2 diabetes, reduce low-density lipoprotein (LDL) cholesterol while
increasing high-density lipoprotein (HDL) cholesterol, support weight management, and regulate blood pressure,
thereby decreasing hypertension risk. In conclusion, the integration of chrono-nutrition principles into
individualized dietary programs and public health policies offers a novel and promising avenue for the prevention
and treatment of metabolic diseases. Future large-scale studies are needed to evaluate the long-term effects of this
approach and its impact across different populations.
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1. Giris

Modern yasamin getirdigi diizensiz beslenme aligkanliklar1 ve bozulmus sirkadiyen ritimler
(uyku-uyaniklik dongiileri), metabolik hastaliklarin yayginlasmasinda kritik bir rol
oynamaktadir. Yiiksek kalorili, yogun islenmis gidalara kolay erisim ve giliniin her saatinde
yemek yeme imkanmnin artmasi, metabolik siirecleri olumsuz etkilemektedir (Singh ve
Vellapandian, 2023). Bu durum, yalnizca obezite ve tip 2 diyabet gibi hastaliklarin prevalansini
yiikseltmekle kalmayip, ayni zamanda metabolik sendrom, kardiyovaskiiler hastaliklar ve
hipertansiyon gibi kronik saglik sorunlarinin da artigina zemin hazirlamaktadir (Tuncay, 2018).
Bu baglamda, cagdas yasamin dayattigi beslenme ve uyku diizensizlikleri, giliniimiiz
toplumunun kars1 karsiya oldugu en 6nemli halk sagligi sorunlarindan biri olan metabolik
hastaliklarin temel risk faktorleri arasinda gosterilmektedir (Mozaffarian, 2016).

Sirkadiyen ritim, uyku-uyaniklik, hormon salinimi ve metabolizma gibi birg¢ok fizyolojik stireci
giin 15181, sicaklik ve besin alimi gibi ¢evresel faktorlere yanit vererek 24 saatlik bir dongiide
diizenleyen biyolojik saattir (Bahammam ve Pirzada, 2023).Krono-beslenme, viicudun i¢
biyolojik saati olan sirkadiyen ritimlerle uyumlu 6giin zamanlamasini temel alan yenilik¢i bir
yaklagimdir (Reytor-Gonzalez ve ark., 2025). Suprakiasmatik ¢ekirdekte bulunan merkezi saat
ve metabolik dokulardaki periferik saatlerden olusan sirkadiyen sistem, fizyolojik islevleri 24
saatlik bir dongiide diizenlemektedir (Cagampang ve Bruce, 2012). Suprakiasmatik ¢ekirdek
(SCN) olarak bilinen merkezi saat, 1s1kla harekete gecerken, karaciger, kaslar, pankreas ve yag
dokusu gibi metabolik organlarda bulunan periferik saatler i¢cin beslenme saatleri 6nemli bir
senkronizasyon aract olarak islev gormektedir (Sinturel ve ark., 2020). Modern yasam
tarzlarinda sikga goriilen vardiyali calisma veya ge¢ saatlerde gida alimi gibi durumlar,
sirkadiyen sistemin desenkronizasyonuna yol acarak hormonal ritimlerin bozulmasina, instilin
duyarliliginda azalmaya ve obezite riskinde artisa neden olmaktadir (Kervezee ve ark., 2020).

Geleneksel beslenme, besin kalitesine ve miktarina odaklanirken, krono-beslenme yiyeceklerin
viicuda alinma zamanlamasini sirkadiyen ritimle uyumlu hale getirerek metabolizmay1
optimize etmeyi hedeflemektedir.  Geleneksel beslenme yaklasimlar1 genellikle "ne"
yedigimize ve "ne kadar" yedigimize odaklanirken, son yillarda yapilan bilimsel arastirmalar,
"ne zaman" yedigimizin de metabolik sagligimiz iizerinde kritik bir rol oynadigini ortaya
koymaktadir. Bu nedenle, beslenme zamanlamasi, sirkadiyen ritimle uyumlu oldugunda viicut
metabolizmasi en verimli sekilde ¢alisirken, ritimdeki bozulmalar (6rnegin, gece geg saatlerde
yemek yeme) metabolik sistemin dengesi olumsuz yonde etkilenmektedir (Sassone-Corsi &
Panda, 2011). Krono-beslenme, viicudun 24 saatlik dongiisiinii yoneten sirkadiyen ritim ile
beslenme saatlerini ve diizenini uyumlu hale getirmeyi hedefleyen bir beslenme stratejisidir
(Saplontai ve ark., 2024). Geleneksel beslenme biliminde odak noktasi genellikle "ne yenildigi"
iken, modern bilimsel arastirmalar "ne zaman yenildigi" sorusunun da en az o kadar 6nemli
oldugunu ortaya koymaktadir. Bu yeni yaklasim, krono-beslenme (chrono-nutrition) olarak
adlandirilmaktadir (Ahluwalia, 2022). Krono-beslenme, besinlerin viicudun sirkadiyen ritmiyle
uyumlu olarak tiikketilmesini savunmaktadir (Saplontai ve ark., 2024). Diizensiz yeme ve uyku
dongiileriyle bozulan viicut ritimleri hastalik riskini artirirken, krono-beslenme metabolik
saglig1 korumak ve iyilestirmek i¢in bu biyolojik ritimlere saygi duymayi benimsemektedir
(Dragoi ve ark., 2024). Vardiyal1 ¢aligma veya gec saatlerde yemek yeme gibi modern yasam
tarzlarinda yaygin olan bu hizalanmanin bozulmasi, hormonal ritimleri bozabilir, insiilin



duyarliligini azaltabilir ve obeziteyi artirabilmektedir (Patel, 2022).

Krono-beslenmenin 6nemli bir modeli olan erken zaman kisitlamali beslenme (Early Time-
Restricted Feeding- eTRF), bireylerin giinliik kalori alimini, gliniin erken saatlerinde (genellikle
sabah ve 0gleden sonra) belirli bir zaman penceresi i¢inde tamamlamalarin1 hedefleyen bir
beslenme modelidir (Jamshed ve ark., 2019). Bu model, genellikle giiniin son 6giliniiniin, giines
batmadan dnce veya aksam 18:00'den dnce tiiketilmesini 6ngérmektedir (Kennedy, 2020). Bu
yaklasim, toplam kalori miktarin1 kisitlamaktan ziyade, beslenme zamanlamasinin sirkadiyen
ritimle uyumlu hale getirilmesine odaklanmaktadir. Bu beslenme bi¢iminin temel mantigi,
metabolizmanin giiniin erken saatlerinde daha verimli calismasidir. Aksam geg saatlerde yemek
yeme, viicudun sindirim ve metabolik siireclerini olumsuz etkileyebilir. Dolayisiyla, eTRF,
viicudun dinlenmeye ve onarima gectigi gece saatlerinde sindirim sistemini yormadan,
metabolik siireclerin en aktif oldugu zaman dilimini en verimli sekilde kullanmay1
amaclamaktadir (Charlot ve ark., 2021).

Bu calisma, krono-beslenmenin temel prensiplerini, hormon ritimleri ve metabolik saglik
tizerindeki etkilerini inceleyerek, metabolik hastaliklarin Onlenmesi ve yonetimi igin
potansiyelini aragtirmay1 hedeflemektedir.

2. Sirkadiyen ritimler ve metabolizma iliskisi

Sirkadiyen ritim, canli organizmalarin i¢ biyolojik saatleri tarafindan kontrol edilen, yaklasik
24 saatlik dongiilere sahip biyolojik, fizyolojik ve davranigsal siireglerdir. Bu ritimler, uyku-
uyaniklik dongiileri, hormon salinimi, viicut 1s1s1 ve beslenme davraniglar1 dahil olmak {izere
sayisiz fizyolojik ve davranigsal islevi diizenlemektedirler (Roenneberg ve Merrow, 2016;
Bayraktar, 2019; Bayraktar ve Bayraktar, 2019). Sirkadiyen ritim ile metabolizma arasindaki
iligki incelendiginde, glukoz metabolizmasi ile insiilin dengesi iizerinde dogrudan bir etkiye
sahiptir (Kalsbeek ve ark. 1994; Morgan ve ark., 1998). Giindiiz saatlerinde viicudun insiilin
duyarlilig1 daha yiiksekken, gece azaldig1 i¢in geg saatte yemek yemek kan sekerini yiikselterek
tip 2 diyabet riskini artirmaktadir (Marcheva ve ark., 2010). Sirkadiyen ritim, yag dokusunu
yoneterek yag asitlerinin depolanmasini ve yakilmasini kontrol eder ve bu ritmin bozulmasi
obezite riskini artirabilmektedir (Li ve ark., 2020). Bazal metabolizma hizi, sirkadiyen ritme
bagh olarak giindiizleri yiikselip geceleri diiser ve bu dongiiniin bozulmasi, kilo kontroliinii
zorlastiran enerji dengesizliklerine yol acabilmektedir (Basolo ve ark.,2021). Bagirsak
mikrobiyotasi, sirkadiyen ritimlere sahiptir ve bu ritimlerin bozulmasi, mikrobiyota dengesini
bozarak obezite ve metabolik sendrom riskini artirabilmektedir (Parkar ve ark., 2019).

3. Ogiin zamanlamasinin hormon ritimleri iizerine etkileri

Krono-beslenmenin temelinde, Ogiinlerin giiniin belirli saatlerinde tiiketilmesiyle hormon
salinimlarmi optimize etmektedir. Ogiin zamanlamasinin en belirgin etkilerinden biri, insiilin
ve kortizol gibi metabolik hormonlarin ritimleri iizerinedir (BaHammam ve ark., 2023). Insiilin,
pankreasin Langerhans adaciklarinin beta hiicreleri tarafindan iiretilen ve kandaki glikoz
diizeyinin kontroliinde gorevli 5,8 kilodalton kDa molekiiler agirliga sahip bir hormondur (Mao
ve ark., 2019). Normal sartlarda, kortizol seviyeleri sabahlar1 en yliksek seviyeye ¢ikar ve giin
icinde azalimaktadir (Bailey ve Heitkemper, 1991). Yemek sonrasi yiikselen instilinin aksine,
gece gec saatlerde yemek yemek normalde diisiik olan kortizol seviyelerini artirarak insiilin



duyarliligin1 bozabilmektedir (Papakonstantinou ve ark., 2022). Bu durum, uzun vadede kan
sekerinin dengelenmesini zorlastirarak tip 2 diyabet riskini artirabilir (Poggiogalle ve ark.,
2018). Insiilin duyarlihg, giiniin erken saatlerinde en yiiksek oldugu icin, karbonhidrat ve
kaloriden zengin oOgilinleri kahvalti ve 0gle yemegi saatlerinde tiiketmek kan sekeri
dalgalanmalarini azaltmaya yardimci olurken, gece geg saatlerde agir yemekler yemek instilin
direnci riskini artirmaktadir (Ludwig, 2023). Melatonin, beyindeki epifiz bezi tarafindan
ozellikle geceleri salgilanan, uyku-uyaniklik dongiisiinii ayarlayan sirkadiyen ritmi diizenleyen
bir hormonudur (Zisapel, 2018). Gece saatlerinde yemek yemek, viicudun uyku-uyaniklik
dongiisiinii diizenleyen melatonin hormonunun salinimini engelleyerek uyku kalitesini diistirtir;
oysaki kaliteli bir uyku metabolik saglik i¢cin hayati 6neme sahiptir (Kim ve ark., 2015).

Molekiiler saat, iki diizenleyici geri bildirim dongiisiinden olusur. Pozitif dongii, sirkadiyen
dongiiyl baslatan iki transkripsiyonel aktivator olan BMAL1 ve CLOCK proteinlerini igerir.
Bu proteinler sitoplazmada birleserek heterodimerler olusturur ve ¢ekirdege girer. Cekirdekte,
Periyot (PER1, PER2, PER3) ve Kriptokrom sirkadiyen diizenleyici (CRY1, 2) genlerinin
promotorlerindeki E kutusu dizisine baglanirlar. Transkripsiyon sonucunda iiretilen PER ve
CRY proteinleri, 12 saat boyunca birikerek bir kompleks olusturur. Bu PER-CRY kompleksi,
daha sonra cekirdege geri tasinir ve burada CLOCK-BMALI' inhibe ederek kendi
transkripsiyonlarini baskilamaktadirlar.
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Sekil 1. Sirkadiyen gen ifadesini diizenleyen pozitif ve negatif geri bildirim dongiileri (Bohmke
ve ark., 2024).

Sirkadiyen gen transkripsiyonunun pozitif ve negatif kollarina ek olarak, yardimc1 geri bildirim
dongiileri, transkripsiyon faktorlerinin ve sirkadiyen saat mRNA'sinin diizenlenmesinde rol




oynamaktadir. CLOCK-BMALI, BMALI1' diizenlemek i¢in sirastyla baskilayici ve aktive
edici olan retinoik asitle iligkili yetim niikleer reseptorler REV-ERBa ve RORa'y1 kodlayan
genlerin promotdrlerine baglanir. Bu iki element, geri bildirim donglislinii stabilize etmek ve
sirkadiyen davranigi yonlendirmek amaciyla BMALI1 promotoriindeki retinoik asitle iliskili
yetim reseptdr elementi i¢in rekabet eder. Bu dongiiler, promotorlerdeki elementlerin ve
spesifik hedef genlerin gii¢lendiricilerinin kombinasyonuna bagl olarak farkli ifade fazlarina
sahip transkripsiyon dongiileri tiretmektedir. Sirkadiyen proteinler, molekiiler saat sistemine ek
geri bildirim ve diizenleme saglayan translasyon sonrasi modifikasyonlara da ugrar. Bu
modifikasyonlar, en uygun ritmik ifadeye ulagsmak i¢in saat proteinlerinin miktarini, konumunu
ve aktivitesini kontrol etmektedirler.

Sirkadiyen gen transkripsiyonunun pozitif ve negatif dongiilerine ek olarak, yardime1 geri
bildirim dongiileri de bu siireci diizenlemektedirler. CLOCK-BMALI1 kompleksi, BMAL1'i
diizenlemek i¢in baskilayict REV-ERBa ve aktive edici RORa genlerinin promotdrlerine
baglanmaktadir (Koike ve ark., 2012). Bu iki gen, geri bildirim dongiisiinii dengelemek ve
sirkadiyen davranis1 yonlendirmek amaciyla BMAL1 promotdriindeki reseptorii i¢in rekabet
etmektedir. Bu dongiiler, gen promotorleri ve giiglendiricilerinin kombinasyonuna gore farkl
fazlarda transkripsiyon dongiileri olusturur. Ayrica, sirkadiyen proteinler, molekiiler saat
sistemine ek geri bildirim ve diizenleme saglayan translasyon sonrasi modifikasyonlara da
ugrar. Bu modifikasyonlar, saat proteinlerinin miktarini, konumunu ve aktivitesini kontrol
ederek optimum ritmik ifadeyi saglamaktadir (Hurley ve ark., 2016).
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Sekil 2. Sirkadyen ve metabolik ritimlerin genligi

Zaman kisith beslenme hem farelerde hem de insanlarda bir¢ok olumlu metabolik etkiye
sahiptir. Insanlarda ise, zaman kisith beslenme tiim viicut ve visseral (i¢ organ) yagimni
azaltirken, glikoz homeostazi, insiilin duyarlilifi ve beta hiicre fonksiyonlarinda iyilesme
saglamaktadir. Ayn1 zamanda, aglik insiilin seviyesi, kan basinci, HbAlc seviyesi, oksidatif
stres ve inflamasyonda da azalma gozlenmektedir (Hawley ve ark., 2020).



4. Krono-Beslenme ve Metabolik Hastaliklarin Yonetimi

Krono-beslenme ne yedigimiz kadar ne zaman yedigimizin de metabolik sagligimiz i¢in kritik
Ooneme sahip oldugunu vurgulayan yeni bir beslenme yaklasimidir (Aparecida ve ark., 2019;
Ahluwalia, 2022). Aksam ge¢ saatte yemek yeme aligkanligi, viicut saatiyle uyumsuz oldugu
icin enerjiyi yaga doniistiiren metabolik siirecleri tetikler ve bu da kilo aliminin énemli bir
nedenidir. Krono-beslenmenin obezite ve kilo yonetimindeki rolii, ana dgtinlerin giiniin erken
saatlerine kaydirilmasiyla kilo yonetimine katki saglamaktadir (Basolo ve ark., 2021). Krono-
beslenme, ogiinlerin sirkadiyen ritme uygun sekilde ayarlanmasiyla insiilin duyarliligim
artirarak tip 2 diyabet riskini azaltmaktadir (Henry ve ark., 2020). Aym kalorinin farkl
zamanlarda tiiketilmesinin, kan sekeri ve insiilin seviyeleri iizerinde belirgin farkliliklar
olustugu bildirilmektedir (Moebus ve ark., 2011; Ludwig ve Ebbeling, 2018). Diizensiz
beslenme saatleri, kan basinci ve kolesterol seviyelerini olumsuz etkileyebilmektedir. Krono-
beslenme, bu risk faktorlerinin kontrol altinda tutulmasina katkida bulunarak kalp sagligini
koruyucu rolii bulunmaktadir (Pot ve ark., 2016). Krono-beslenme, kotii kolesterol (LDL)
seviyelerinin diisiiriilmesine ve iyi kolesterol (HDL) seviyelerinin artirilmasina yardimci
olmaktadir (Papakonstantinou ve ark., 2022). Viicudun i¢ saatine uygun bir beslenme diizeni
olusturmak, kan basincini diizenleyen biyolojik stirecleri desteklerken, diizensiz beslenme
saatlerinin yol actig1 kan basinci dalgalanmalar1 ve hipertansiyon riskini azaltmaktadir (Panda,
2025).

Kan basinci, kardiyak debi ve toplam periferik direncin karmasik entegrasyonuyla fizyolojik
olarak diizenlenir; bu siiregte bobrek ve damar sistemleri 6nemli rol oynamaktadir. Bobrekler,
elektrolit ve sivi tutulumunu diizenleyerek kan basmcindaki degisikliklere katkida
bulunmaktadir. Kan veya sodyum seviyeleri yiikseldiginde bobrekler, sivi ve sodyum atilimini
artirmaktadir. Tam tersi durumda ise sivi ve sodyum tutulumunu saglamaktadir. Bu plazma
hacmi degisiklikleri, kan basinci {izerinde dogrudan bir etkiye sahiptir. Bobrekler elektrolit ve
stvt hacmini diizenlerken, damar sistemi de toplam periferik direnci gecici olarak modiile
ederek kan basincinin diizenlenmesinde 6nemli bir rol oynamaktadir. Hastaliklar veya olumsuz
yasam tarzi davraniglari, vaskiiler disfonksiyona yol agan kronik stres faktorleri
olusturabilmektedir (LaRocca ve ark., 2017). Vaskiiler endotel disfonksiyonu ve arteriyel
sertlik, damarlarin fizyolojik ihtiyaglara daha az yanit vermesine neden olan bozulmus vaskiiler
fonksiyonun tipik 6zellikleridir. Bu durum, zamanla hipertansiyonun patofizyolojisine katkida
bulunmaktadir (Brandes, 2014).

5. Sonu¢

Yemek yeme zamanlamasini ¢evresel ipuglari ve i¢ biyolojik saatlerle uyumlu hale getiren
krono-beslenme, yiiksek riskli popiilasyonlarda obezite, Tip 2 diyabet, hipertansiyon, metabolik
sendrom gibi hastalik ve saglik sorunlarinin iyilestirilmesi siirecine potansiyel bir strateji olarak
ortaya ¢ikmustir. Sirkadiyen ritim senkronizasyonu, viicut saatine uyumlu beslenme, sirkadiyen
ritimlerin senkronize olmasim saglayarak iyi glikoz kontrolii ve saghkli BKi gibi olumlu
metabolik sonuclar saglamaktadir. Sirkadiyen ritim desenkronizasyonu, diizensiz beslenme,
sirkadiyen ritimleri bozarak Tip 2 diyabet, kotii glikoz kontrolii ve obezite gibi olumsuz
sonuclara yol agmaktadir. Bu baglamda, krono-beslenme, beslenme bilimine yeni bir boyut
kazandirarak, yiyecekleri bir yakit olmaktan 6te, biyolojik ritimlerimizi diizenleyen bir unsur



olarak gérmemizi saglar. Ogiin zamanlamasinin metabolik sagligimiz iizerindeki derin etkileri,
krono-beslenmenin sadece bir trend degil, ayn1 zamanda metabolik hastaliklarin 6nlenmesi ve
tedavisi i¢in gii¢lii bir ara¢ oldugunu gostermektedir. Bireylerin biyolojik saatleriyle uyumlu
beslenme aligkanliklar1 edinmesinin, gelecekteki saglik stratejilerinin 6nemli bir pargasi
olabilecegi diisliniilmektedir.
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