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About the Journal

European Journal of Therapeutics (Eur J Ther) is an official, double-anonymous, peer-reviewed, open access journal by the Gaziantep University Faculty of Medicine.

The European Journal of Therapeutics is an international, peer-reviewed journal that addresses current developments and new treatment approaches for researchers
working in basic and clinical medical sciences, dentistry, and other health sciences. The journal covers all branches of medicine and publishes original scientific articles,
evaluating submissions based on their scientific significance, novelty, and relevance. The aim of the journal is to support the dissemination of high-quality research
and contribute to the advancement of knowledge in the field of health sciences. The target audience includes researchers, physicians, and healthcare professionals who
are interested or involved in all medical disciplines.

European Journal of Therapeutics is published online and in print. The journal publishes content in English.

European Journal of Therapeutics is an open access journal. All content is available for use and distribution without delay, with no embargo period or requirement
for users to register to read content (https:/eurjther.com/index.php/home/issue/archive). No charge for the print version of the journal. The European Journal of
Therapeutics offers authors a completely free publishing service; no fees are charged for article submission, article processing, or final publication of their work. All
submissions undergo a double-anonymous peer review by at least two independent experts to ensure scientific quality and relevance. The process follows COPE’s
ethical guidelines, with editorial decisions based on reviewer recommendations.

The European Journal of Therapeutics is published six issues a year (February, April, June, August, October, and December). Published content is preserved long-
term using the PKP Preservation Network (PKP PN), LOCKSS, CLOCKSS, and GAUN DSpace (Gaziantep University) to ensure permanent accessibility. Authors
maintain complete ownership of all patent and other proprietary rights, including copyright, of their published articles. All articles are published under a Creative
Commons Attribution-NonCommercial 4.0 International License (CC BY NC 4.0), allowing non-commercial use and distribution with proper attribution.

The journal’s target audience comprises researchers, physicians, and healthcare professionals actively engaged in or deeply interested in all disciplines across the
broad spectrum of medical sciences.

The European Journal of Therapeutics accepts articles of the following types for publication: original research, review articles, case reports, letters to the Editor,
editorials (only Editors use), special editorial (only Editors use), reply by authors, in memory of (invited by EIC only) and book review (invited by EIC only). All
submissions must significantly advance therapeutic knowledge.

European Journal of Therapeutics implements an “Early View” publication model. Under this policy, manuscripts that have completed the peer review process,
received editorial acceptance, and undergone final typesetting are published online with a Digital Object Identifier (DOI) before being assigned to a specific volume
and issue. For details, please refer to the Early View Publication Policy page.

All manuscripts must be submitted via the online submission system, which is available at www.eurjther.com. The journal guidelines, technical information, and the
required forms are available on the journal’s web page.

Statements or opinions expressed in the manuscripts published in the journal reflect the views of the author(s) and not the opinions of the Gaziantep University School
of Medicine, editors, editorial board, and/or publisher; the editors, editorial board, and publisher disclaim any responsibility or liability for such materials.
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Instructions to Authors

European Journal of Therapeutics (Eur J Ther) is a double-anonymous,
peer-reviewed, open access, international publication of the Gaziantep
University School of Medicine. The journal is published six issues a year
(February, April, June, August, October, and December).

European Journal of Therapeutics aims to contribute to the international
literature by publishing original research, review articles, case reports,
letters to the Editor, editorials (only Editors use), special editorial (only
Editors use), reply by authors, in memory of (invited by EIC only) and
book review (invited by EIC only) in the fields of medical sciences.

The journal’s target audience comprises researchers, physicians, and
healthcare professionals actively engaged in or deeply interested in all
disciplines across the broad spectrum of medical sciences. For details,
please refer to the Aim and Scope page.

The European Journal of Therapeutics implements an “Early View”
publication model. Manuscripts that have completed the peer review
process, received editorial acceptance, and undergone final typesetting
are published online with a Digital Object Identifier (DOI) before being
assigned to a specific volume and issue. For details, please refer to the
Early View Publication Policy page.

The European Journal of Therapeutics maintains a policy of no financial
barriers for authors or readers. No fees are charged to authors at any
stage of the review and publication process, including submission fees,
editorial processing fees, or article processing charges. All manuscripts
must be submitted via the online submission system, which is available
at www.eurjther.com, where authors can also find the journal guidelines,
technical information, and required forms. For details, please refer to the
Publication Fee Policy page.

The European Journal of Therapeutics follows the transparency and
best practices for scholarly publishing, as identified by the Committee
on Publication Ethics (COPE), the Directory of Open Access Journals
(DOA)), the Open Access Scholarly Publishing Association (OASPA),
and the World Association of Medical Editors (WAME).

COPE, DOAJ, OASPA, WAME. Principles of Transparency and Best
Practice in Scholarly Publishing. Available at: https://doi.org/10.24318/

cope.2019.1.12

The European Journal of Therapeutics actively encourages authors to
self-archive the final published version of their articles (preprint, accepted
manuscript, published article) in institutional repositories, personal
websites, or other suitable platforms, further enhancing the accessibility
of their research. When sharing or redistributing their work, authors and
readers are required to provide accurate citations, including the DOI
link to the publisher’s definitive version. For details, please refer to the
Repository Policy on the Open Access page.

As the European Journal of Therapeutics, our fundamental criteria for
every manuscript considered for publication are unwavering originality,
superior scientific quality, and significant citation potential. It is imperative
that submissions presented for evaluation have not been previously
published or presented in any electronic or printed medium. Should a
manuscript have been submitted to another journal for assessment and

A-IV

subsequently rejected for publication, it is obligatory to inform our
journal; in such instances, the provision of prior reviewer reports will
substantially accelerate our evaluation process.

Should the research have been previously presented at a conference or
meeting, full details must be disclosed at the point of submission. The
title page of the manuscript is required to include the name of the meeting,
the date it was convened, and its geographical location (City, Country).

Every manuscript submitted to the European Journal of Therapeutics
undergoes a meticulous double-anonymized peer-review process,
designed to ensure an unbiased assessment. Within this framework,
each submission is rigorously examined by at least two external and
independent peer reviewers, all of whom are experts in their respective
fields. Furthermore, in cases where manuscripts are submitted by our
Editors or members of the Editorial Board, our Editorial Board will
specifically engage an external and independent Editor to oversee and
manage the evaluation procedures. For details, please refer to the Peer

Review Policy page.

The Editor in Chief is the final authority in the decision-making process
for all submissions.

An approval of research protocols by the Ethics Committee following
international agreements (World Medical Association Declaration of
Helsinki “Ethical Principles for Medical Research Involving Human
Subjects,” amended in October 2024, www.wma.net) is required for
experimental, clinical, and drug studies and some case reports. Ethics
Committee approval information, including the name of the approving
institution, approval date, and approval number, must be declared on the
title page and under the Materials and Methods section of the manuscript.
Authors should provide the ethics committee reports.

As the European Journal of Therapeutics, we mandate that manuscripts
presenting experimental studies with human participants include a
definitive statement verifying that comprehensive, written informed
consent was secured from all individuals, after a thorough explanation
of all procedures involved. Correspondingly, for research conducted on
animal subjects, a precise delineation of the measures implemented to
preclude pain and mitigate suffering is an essential requirement.

All submissions are screened by similarity detection software (iThenticate
by CrossCheck).

The similarity rate limit determined for our journal is 24%. For details,
please refer to the Plagiarism page.

In any instance where research misconduct is alleged or suspected —
including, but not limited to, plagiarism, manipulative citation practices,
or the fabrication/falsification of data — our Editorial Board will
meticulously adhere to and implement the comprehensive guidelines
established by the Committee on Publication Ethics (COPE). For details,
please refer to the Ethical Oversight page.

Each individual listed as an author should fulfill the authorship criteria
recommended by the International Committee of Medical Journal Editors
(ICMIJE - www.icmje.org). Authorship must be based on four key
criteria: substantial contributions to the conception or design of the work,
or the acquisition, analysis, or interpretation of data; drafting the work
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or revising it critically for important intellectual content; final approval
of the version to be published; and agreement to be accountable for all
aspects of the work, ensuring that questions related to its accuracy or
integrity are appropriately investigated and resolved. An author must
be able to identify which co-authors are responsible for specific parts
of the work and should have confidence in the integrity of their co-
authors’ contributions. All those designated as authors should meet all
four criteria for authorship, and all who meet the four criteria should be
identified as authors. Those who do not meet all four criteria should be
acknowledged on the title page of the manuscript. For details, please refer
to the Authorship and Contribution page.

Authors are required to disclose any use of Al-assisted technologies,
such as Large Language Models, chatbots, or image generators, during
the article preparation process; if Al tools were employed for writing
assistance, such as drafting or editing text, this must be explicitly stated in
the acknowledgements section on the Title Page. For details, please refer
to the Authorship and Artificial Intelligence (Al) tools page.

At the European Journal of Therapeutics, we expect each author to take
responsibility for their contributions. Additionally, authors must be able
to clearly outline the specific roles and responsibilities of all co-authors
regarding other distinct aspects of the work. Furthermore, all contributing
authors grant the designated corresponding author the authority to manage
the entire publication process.

The European Journal of Therapeutics requires corresponding authors to
submit a signed and scanned Copyright Agreement and Acknowledgement
of Authorship Form, available for download through www.eurjther.
com. Should the Editorial Board suspect a case of “gift authorship,” the
manuscript will be summarily rejected, without proceeding to an external
peer review. When incorporating previously published content, including
figures, tables, or any other material in both print and electronic formats,
authors are solely responsible for obtaining explicit permission from the
respective copyright holder. All legal, financial, and criminal liabilities
arising from the unauthorized use of such materials belong entirely to the
author (s).

By signing this form, authors agree that the article, if accepted for
publication by the European Journal of Therapeutics, will be licensed
under a Creative Commons Attribution-Non Commercial 4.0 International
License (CC-BY-NC).

In any instance where research misconduct is alleged or suspected —
including, but not limited to, plagiarism, manipulative citation practices,
or the fabrication/falsification of data — our Editorial Board will
meticulously adhere to and implement the comprehensive guidelines
established by the Committee on Publication Ethics (COPE). For all
submission types, authors must complete and submit the ICMJE Potential
Conflict of Interest Disclosure Form (by all contributing authors). The
Editorial Board will follow COPE and ICMIJE guidelines in resolving
potential conflicts of interest. For details, please refer to the Ethical

Oversight page.

The Editorial Board also manages all appeal and complaint cases within
the scope of COPE guidelines. Authors or readers should directly contact
the editorial office regarding their appeals and complaints. In situations
where internal resolution is not possible, an ombudsperson may be

assigned to mediate. The Editor-in-Chief holds the final authority in the
decision-making process for all appeals and complaints.

The European Journal of Therapeutics requires each submission to be
accompanied by a Copyright Agreement and Acknowledgement of
Authorship Form (available for download at www.eurjther.com). When
using previously published content, including figures, tables, or any
other material in both print and electronic formats, authors must obtain
permission from the copyright holder. Legal, financial, and criminal
liabilities in this regard belong to the author (s). By signing this form,
authors agree that the article, if accepted for publication by the European
Journal of Therapeutics, will be licensed under a Creative Commons
Attribution-Non Commercial 4.0 International License (CC-BY-NC). For
details, please refer to the Copyright and Licensing page.

The statements and opinions expressed in articles submitted for
publication in the European Journal of Therapeutics belong solely to the
authors. The statements and opinions expressed in the published content
do not necessarily represent the views of the Editors, the Editorial Board,
or the publisher. The ultimate responsibility for the published content
rests with the authors.

WRITING RULES

The guidelines established for the preparation of articles submitted to
the European Journal of Therapeutics have been prepared following the
ICMIJE Guidelines for Preparing Articles for Submission to Medical
Journals.

Manuscripts can only be submitted through the journal’s online
submission and evaluation system, available at https://eurjther.com/.
Manuscripts submitted via any other medium will not be evaluated.

As the European Journal of Therapeutics, we ensure that every
manuscript submitted undergoes an initial, rigorous technical
evaluation. Our dedicated Editorial Office staff meticulously verifies
that each submission fully aligns with the journal’s comprehensive
guidelines. Any manuscript found not to comply with these directives
will be promptly returned to the submitting author, accompanied by
specific requests for technical rectification. Please be advised that the
Editor reserves the absolute right to decline submissions that fail to
meet these essential requirements.

Authors are expected to address any identified technical deficiencies
within three business days. For necessary corrections requiring more
extensive work, authors are granted a maximum of 15 days. Manuscripts
that fail to meet these technical requirements or are deemed incomplete
may be rejected at this stage.

The corresponding author is responsible for ensuring the accurate
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ABSTRACT

Objective: Chronic kidney disease (CKD) is associated with numerous systemic complications.
Neuropathic pain is a significant neurological problem that affects quality of life. Neuropathic
pain is an understudied complication in CKD patients undergoing hemodialysis treatment. In our
study, we aimed to evaluate the prevalence of neuropathic pain in hemodialysis patients and the
associated risk factors.

Methods: This cross-sectional study was carried out at Ankara Etlik City Hospital between
January and December 2024. We enrolled 141 adult patients who had been on maintenance
hemodialysis for at least six months. Neuropathic pain was screened using the Leeds Assessment
of Neuropathic Symptoms and Signs (LANSS) scale, with a cutoff score of >12 indicating
neuropathic pain. Information on sociodemographic profile, clinical characteristics, dialysis
duration, duration of chronic kidney disease, comorbid conditions, and lifestyle habits was
systematically recorded. A multivariable logistic regression model was constructed to identify
factors independently associated with the presence of neuropathic pain.

Results: Neuropathic pain according to the LANSS scale was identified in 70 patients (49.6%).
Patients with neuropathic pain had significantly longer hemodialysis duration (median 96 vs.
14 months, p < 0.001) and CKD duration (median 144 vs. 48 months, p < 0.001). Polypharmacy
(67.1% vs. 39.4%, p=0.001) and current smoking (40.0% vs. 16.9%, p = 0.002) were more common
in the neuropathic pain group. Multivariate analysis revealed prolonged hemodialysis duration
(OR 1.151, 95% CT 1.063—1.247, p < 0.001), longer CKD duration (OR 1.032, 95% CI 1.003-1.062,
p = 0.047), polypharmacy (OR 9.06, 95% CI 5.536-15.322, p = 0.010), and smoking (OR 2.359,
95% CI 1.159-3.494, p = 0.024) as independent predictors.

Conclusion: Neuropathic pain is highly prevalent among hemodialysis patients and is strongly
associated with longer disease and treatment duration, polypharmacy, and smoking. Routine
screening for neuropathic pain, which negatively impacts quality of life and clinical outcomes,
should focus on modifiable risk factors such as careful medication management and smoking
cessation.

Keywords: chronic kidney disease, hemodialysis, peripheral neuropathy, prevalence, risk factor
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INTRODUCTION

Chronic kidney disease (CKD) is a health problem that seriously
threatens public health worldwide and significantly affects
quality of life. In end-stage renal disease, the final stage of
CKD, renal replacement therapy is essential for sustaining life,
and hemodialysis (HD), one of the treatment options, is widely
preferred among patients [1]. Patients undergoing HD not only
face kidney function loss but also numerous symptoms and
complications that reduce their quality of life [2]. One such

complication is neuropathic pain [3].

Neuropathic pain is a pain that occurs in the somatosensory
nervous system due to different etiological causes and
manifests itself with disturbing symptoms such as burning,
tingling, freezing, electric shock, and numbness [4]. In
patients receiving maintenance hemodialysis, neuropathic
pain can arise via multiple pathways, including uremic distal
symmetric polyneuropathy, diabetic neuropathy, dialysis-
related amyloidosis, entrapment neuropathies such as carpal
tunnel, small-fiber involvement, and ischemic or metabolic
injury related to persistent uremia. Reported prevalence of
peripheral neuropathy in hemodialysis varies widely, ranging
from approximately 30% to 70%, a variation that largely reflects
differences in diagnostic approaches, particularly the use of
symptom-based screening tools versus electrophysiological

methods such as nerve conduction studies, as well as differences

Main Points

e Neuropathic pain was detected in nearly half (49.6%)
of hemodialysis patients, and importantly, these

patients were not receiving treatment.

e Duration in hemodialysis, chronic kidney disease,

polypharmacy, and smoking were identified as

independent predictors of neuropathic pain.
e Unlike the general population, neuropathic pain
in hemodialysis patients was not associated with

diabetes mellitus, hypertension, or other common

comorbidities, suggesting a predominant uremic
etiology.
e Routine neuropathic pain screening, rational

medication use, and smoking cessation should be
integrated into standard hemodialysis care to improve

quality of life and outcomes.
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in patient populations [5,6]. Neuropathic pain is frequently
observed in patients with CK D but is often underdiagnosed. This
condition is clinically important because it is closely associated
with patients’ quality of life and overall clinical outcomes [7-9].
Several studies have shown that chronic renal failure and HD
duration are associated with neuropathic pain [10,11]. However,
there are also studies reporting that certain sociodemographic
factors, diabetes mellitus, malignancies, certain medications,
alcohol, and smoking may be associated with neuropathic pain
[12,13].

Our aim was to determine the prevalence of neuropathic pain
and associated risk factors in CKD patients undergoing HD
treatment. We believe that identifying risk factors associated
with neuropathic pain will be helpful in the early diagnosis and
treatment of this important complication of CKD, which has

important clinical consequences.

MATERIALS AND METHODS

Ethical Approval

The study was carried out in accordance with the principles of
the Declaration of Helsinki. Ethical approval was granted by
the Ankara Etlik City Hospital Scientific Research Evaluation
and Ethics Committee (Decision No: AESH-BADEK-2024-067,
Date: March 20, 2024). All participants gave written informed
consent prior to enrolment in the study. Patient confidentiality
was protected by removing all identifiable personal information
from the collected data and manuscripts. The original consent
forms are retained by the authors and are available for review

upon journal request.

Study Design and Population

This study was conducted on hemodialysis patients admitted
to the Nephrology Outpatient Clinic of Ankara Etlik City
Hospital during the 12 months of 2024. The study included
141 adult patients (>18 years of age) who had been receiving
HD treatment for CKD for at least 6 months. To ensure a
homogeneous study population, strict inclusion and exclusion
criteria were applied. These criteria were based on current
clinical guidelines and previous research on dialysis-associated
neuropathy, with the aim of minimizing potential confounding
factors. To exclude possible deficiency-related neuropathies, all
participants were required to have normal vitamin B12 (>200
pg/mL) and folate (>4 ng/mL) levels. To prevent complications
related to severe anemia, we set hemoglobin levels at >8 g/dL

and accepted patients with intact PTH levels >150 pg/mL to
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<300 pg/mL, in accordance with KDIGO recommendations to
control severe hyperparathyroidism. As part of the eligibility
criteria, we restricted the sample to individuals with serum
calcium between 8.4 and 10.5 mg/dL and phosphate between 2.5
and 4.5 mg/dL, in line with routine dialysis targets. Iron status
was assessed by ferritin levels (50-500 ng/mL), and adequate
iron stores were ensured while excluding patients with potential
inflammation. To limit the effect of systemic inflammatory
activity on neuropathic pain assessment, individuals with CRP

values higher than 5 mg/L were excluded from the study [1].

Dialysis adequacy was confirmed through Kt/V measurements
>1.4. Although a minimum single-pool Kt/V of >1.2 is
recommended by current guidelines, a higher threshold was
selected to ensure uniformly adequate dialysis clearance and to
minimize the potential confounding effect of underdialysis on
neuropathic pain assessment. Only patients with a functioning
arteriovenous fistula were included in the study in order to
ensure a homogeneous study population and to minimize
potential confounding related to different vascular access types.
Additional exclusion criteria included: cognitive impairment or
active psychiatric disorders that might affect pain assessment,
acute pain syndromes or active infections that could confound
neuropathic pain evaluation, history of active malignancy or
chemotherapy due to potential neurotoxic effects, current use
of neuropathic pain medications (including gabapentinoids and
antidepressants), and significant alcohol abuse, which could
independently contribute to peripheral neuropathy. These
stringent criteria were implemented to specifically evaluate
uremia- and dialysis-related neuropathic pain while controlling
for other potential contributors to peripheral neuropathy, thereby
increasing the internal validity of our findings regarding the

association between HD and neuropathic pain development.

Sample size calculations were performed in G*Power 3.1 using
the following settings: an effect size of 0.5 (moderate effect
based on prior neuropathic pain prevalence studies), a error:
0.05, Power: 80%, Allocation ratio: 1:1. This calculation yielded
a minimum requirement of 100 participants. We exceeded this
target (N=141) to account for potential data incompleteness,
including missing clinical or laboratory variables and possible
exclusion of participants due to incomplete LANSS assessments.
Approximately 236 patients were initially screened, of whom
141 met the strict inclusion criteria and were included in the final

analysis.
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Data Collection

We used the Leeds Assessment of Neuropathic Symptoms
and Signs (LANSS) to evaluate neuropathic pain, relying on
the Turkish version validated by Kog et al. (sensitivity 82%,
specificity 80%) [14,15]. The assessment was performed by an
internist before a routine HD session and included both a patient
interview and a physical examination. Patients were asked about
characteristic neuropathic pain symptoms, such as a burning
sensation, electric shock-like pain, and allodynia (pain evoked
by light touch). Following this, they underwent physical testing
for allodynia using sterile cotton and a needle prick threshold
assessment using a sterile needle. Each item was scored from
0 to 5, with a total possible score of 24. As determined in the
validation study, a score of >12 was considered indicative
of neuropathic pain, and each complete assessment took

approximately 20 minutes to administer.

A comprehensive set of variables was recorded for each
participant to facilitate detailed analysis. Demographic data
such as age, gender, marital status, and education level were
recorded. The duration and etiology of CKD and the patient’s
length of stay on HD were evaluated. Comorbidities such as
diabetes, hypertension, coronary artery disease, cerebrovascular
disease, and other chronic diseases were recorded. Medication
history was reviewed, particularly regarding polypharmacy.
Polypharmacy was defined as the regular use of five or more
systemic medications for at least three months, consistent with
commonly accepted definitions in chronic disease and HD
populations. Lifestyle factors such as current smoking and

alcohol consumption were also documented.

Statistical Analysis

All analyses were performed using IBM SPSS Statistics version
25.0 (IBM Corp., Armonk, NY, USA). Continuous variables
were summarized as mean + standard deviation when normally
distributed, and as median (minimum-maximum) otherwise;
categorical variables were expressed as counts and percentages.
Distributional assumptions were checked with the Shapiro-
Wilk test. Group comparisons were made with the independent
samples t-test or Mann-Whitney U test for continuous variables,
and with the chi-square or Fisher’s exact test for categorical
variables, as appropriate. Patients were divided into two groups
according to the LANSS score (neuropathic pain present/absent),
and these groups were compared with regard to demographic,
treatment-related, and characteristics.

clinical, lifestyle

Multivariate logistic regression analysis was performed to
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identify independent factors associated with neuropathic pain
for variables with a p-value of <0.10 in univariate analyses.
Potential multicollinearity among independent variables was
assessed using variance inflation factor (VIF) analysis, and
no significant multicollinearity was detected (all VIF values <
2). A two-sided p-value of <0.05 was considered statistically

significant.

RESULTS

A total of 141 patients undergoing maintenance HD were
included in the study. Of these, 70 patients (49.6%) were
identified as having LANSS-defined neuropathic pain, while 71
patients (50.4%) did not meet the LANSS criteria. The mean age
of the patients included in the study was 68.2 = 8.3 years, and no
significant difference was found in terms of age between patients
with neuropathic pain (68.96 + 7.81 years) and those without
(67.45 + 8.88 years) (p = 0.284). Males constituted 48.2% of the
patients, and no significant difference was observed between
those with and without neuropathic pain in terms of gender
(p = 0.935). Regarding educational status, most participants
had completed only primary school education (49.6%). No
statistically significant differences were found between the two
groups in terms of educational attainment (p = 0.448). When
evaluated in terms of marital status, married individuals were
more frequent in the neuropathic pain group than in the non-
neuropathic group (91.4% vs. 78.9%; p = 0.036), Table 1.

Patients with LANSS-defined neuropathic pain had significantly
longer durations of both HD and CKD compared to those
without neuropathic pain. Specifically, the median HD duration
was 96 months (range: 8-300) versus 14 months (range: 7-36)
(p < 0.001). Similarly, the median CKD duration was longer
in the neuropathic pain group (144 months (24-480) vs. 48
months (12—144), p < 0.001). Polypharmacy was more prevalent
among patients with neuropathic pain (67.1%) compared to those
without (39.4%), and this difference was statistically significant
(p = 0.001). Current smoking was also significantly associated
with neuropathic pain, being reported by 40.0% of patients in the
neuropathic group versus 16.9% in the non-neuropathic group
(p=0.002). Alcohol use was similar in both groups (p = 1.000).
When comorbidity profiles were compared between the two
groups, hypertension (p = 0.899), diabetes mellitus (p = 0.411),
coronary artery disease (p = 0.484), hyperlipidemia (p = 0.643),
stroke (p = 0.563), and benign respiratory diseases (p = 0.772)
occurred with similar frequencies. Likewise, the underlying

etiology of CKD was not significantly different between
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groups (p = 0.700). The most common causes were diabetic
nephropathy (24.8%) and hypertensive nephropathy (24.1%),
followed by glomerulonephritis, pyelonephritis, nephrolithiasis,
drug-induced nephropathy, hereditary causes, and obstructive
nephropathy Table 2.

Inthe multivariable logistic regression model, longer HD duration
(OR 1.151, 95% CI 1.063—-1.247; p < 0.001), longer CKD duration
(OR 1.032, 95% CI 1.003—1.062; p = 0.047), polypharmacy (OR
9.06, 95% CI 5.536-15.322; p = 0.010), and current smoking (OR
2.359, 95% CI 1.159-3.494; p = 0.024) emerged as independent
risk factors for neuropathic pain Table 3.

DISCUSSION

This cross-sectional study revealed a high prevalence of
LANSS-defined neuropathic pain among patients receiving
maintenance hemodialysis (49.6%). Neuropathic pain in this
study was identified using the LANSS scale, which is a validated
screening tool rather than a diagnostic instrument. The fact that
these patients were not receiving any treatment or follow-up
for neuropathic pain further enhances the significance of this
high prevalence. Our findings delineate several independent
predictors, most notably the duration of dialysis and CKD,
polypharmacy, and current smoking, while notably finding no
significant association with common comorbidities like diabetes
mellitus. These results indicate that neuropathic pain in long-
term HD patients is primarily due to the cumulative burden of
uremia, kidney failure-related treatments, and other contributing
factors. This highlights the need for routine screening for
associated risk factors during follow-up and timely management

of modifiable factors through early intervention.

Our study found a strong association between neuropathic pain
and the duration of HD and CKD. Patients with neuropathic
pain had a median HD duration of 96 months compared to 14
months in those without pain, indicating a strong dose-response
relationship. This aligns with a growing body of evidence
suggesting that chronic exposure to the uremic milieu is a
primary driver of neuropathy in CKD [16-18]. According to the
literature, the pathogenesis likely extends beyond the clearance of
small soluble substances. The long-term cascade effect of poorly
dialyzable intermediate molecules such as B2-microglobulin,
indoxyl sulfate, and p-cresyl sulfate, and protein-bound uremic
toxins are thought to play a role here [16, 19].

These toxins are known

to promote oxidative stress,

chronic inflammation, and advanced glycation end-product
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Table 1. Comparison of Sociodemographic Characteristics in Hemodialysis Patients by Neuropathic Pain Status

Characteristic Al(lNP=a1t‘i‘e;1)1ts No Neuropathic Pain (N=71) Neuropatg\i;:;;n Present p
Age (years)*, mean = SD 68.2+8.3 67.45+8.88 68.96+7.81 0.284
Gender(Male)**, n (%) 68 (48.2) 34 (47.9) 34 (48.6) 0.935
Education Level***, n (%)

Illiterate 33(23.4) 20 (28.2) 13 (18.6)

Literate 2(1.4) 0(0) 2(2.9)

Primary School 70(49.6) 33 (46.5) 37(52.9) 0.448
Middle School 3(2.1) 1(1.4) 2(2.9)

High School 27(19.1) 13 (18.3) 14 (20.0)

University 6(4.3) 4(5.6) 2(2.9)

Married Status (Married) **, n (%) 120 (85.1) 56(78.9) 64 (91.4) 0.036

* Data presented as mean + SD(standard deviation) or n (%); Independent samples t-test, ** Chi-square, ***Fisher’s Exact testi. A p-value < 0.05

was considered statistically significant.

Table 2. Relationship between Hemodialysis Patients’ Neuropathic Pain Status and Some Risk Factors

Characteristic All Patients No Neuropathic Pain Neuropathic Pain .
(N=141) (N=T71) Present (N =70)

E;;:ﬁi:;;f Hemodialysis (months)*, Median 32 (7-300) 14 (7-36) 96(8-300) <0.001

a:llri:l‘;’)f CKD (months)*, Median 84 (12-480) 48 (12-144) 144 (24-480) <0.001

Polypharmacy (Yes), n (%) 75 (53.2) 28 (39.4) 47 (67.1) 0.001

Current Smoker, n (%) 40 (28.4) 12 (16.9) 28 (40.0) <0.002

Alcohol Use, n (%) 4(2.8) 2(2.8) 2(2.9) 1

Comorbidities, n (%)

Hypertension 43 (30.5) 22 (31.0) 21 (30.0) 0.899

Diabetes Mellitus 36 (25.5) 16 (22.5) 20 (28.6) 0.411

Coronary Artery Disease 25 (17.7) 11 (15.5) 14 (20.0) 0.484

Hyperlipidemia 28 (19.9) 13 (18.3) 15 (21.4) 0.643

Stroke 12 (8.5) 7(9.9) 5(7.1) 0.563

Benign respiratory diseases 17 (12.1) 8(11.3) 9 (12.9) 0.772

Etiology of CKD, n (%)

Diabetic nephropathy 35(24.8) 15 (21.1) 20 (28.6)

Hypertensive nephropathy 34(24.1) 19 (26.8) 15(21.4)

Glomerular diseases 18 (12.8) 7(9.9) 11 (15.7) 0.700

Other causes 54 (38.3) 30 (42.2) 24 (34.3)

*Data presented as median (minimum-maximum) or n (%), Fisher’s Exact test for overall etiology comparison. Mann-Whitney U test for

continuous variables, Chi-square or Fisher’s Exact test for categorical variables. CKD: Chronic kidney disease. Other causes include pyelonephritis,

nephrolithiasis, drug-induced nephropathy, hereditary kidney diseases, and obstructive uropathy. A p-value < 0.05 was considered statistically

significant.
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Table 3. Multivariate Logistic Regression Analysis of Risk Factors Associated with Neuropathy in Hemodialysis Patients

Variable OR (Exp(B)) 95% CI (Lower—Upper) p-value
Duration of Hemodialysis (months)* 1.151 1.063 - 1.247 <0.001
Duration of CKD (months)* 1.032 1.003 - 1.062 0.047
Polypharmacy (Yes) 9.06 5.536-15.322 0.010
Current Smoker 2.359 1.159 - 3.494 0.024

* Continuous variables in the model. OR: Odds ratio; CI: Confidence interval; CKD: Chronic kidney disease. Multivariate logistic regression

analysis was performed using a backward stepwise method. Variables with p < 0.10 in the univariate analysis were entered into the multivariable

logistic regression model; however, only variables that remained statistically significant in the final model are presented in the table. A p-value <

0.05 was considered statistically significant.

formation, culminating in direct neuronal injury, Schwann cell
dysfunction, and accelerated vascular endothelial damage [17,
18]. Our results reinforce the concept of “uremic neuropathy”
as a time-dependent complication, where the longevity of renal
replacement therapy itself becomes a significant risk factor,
potentially overshadowing the initial etiology of kidney disease.
We also found that polypharmacy was a strong independent
predictor of neuropathic pain (OR: 9.06). This association
highlights an iatrogenic aspect of the morbidity that develops in
HD patients. Impaired renal clearance can significantly alter the
pharmacokinetics of many medications. This may lead to drug
accumulation and an increased risk of neurotoxic effects, even
withagents thatare not traditionally considered highly neurotoxic
[12, 20]. We know that this patient group is heavily burdened
with medications aimed at managing numerous cardiovascular
and metabolic complications, including antibiotics, statins,
proton pump inhibitors, and nonsteroidal anti-inflammatory
drugs. Many medications that are not adequately dialyzable
may exacerbate or directly cause neurological damage. For
example, among chronically used medications in hemodialysis
patients, statins and amiodarone in particular, along with other
long-term cardiovascular therapies, have been reported to be
associated with peripheral neuropathy, especially in the context
of prolonged exposure and impaired renal clearance [20]. This
highlights the importance of careful medication review and
deprescribing strategies in this vulnerable population.

Our analysis showed that smoking was independently associated
with neuropathic pain, with smokers having more than twice the
odds of experiencing neuropathic pain (OR: 2.359). Smoking
is a well-established cause of microvascular dysfunction and
endothelial damage, primarily through mechanisms of hypoxia,
oxidative stress, and vasoconstriction [21, 22]. Chronic renal

failure and smoking are both associated with significant
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vascular comorbidities through endothelial injury, and smoking
is likely to contribute to the development of neuropathic pain
via its direct neurotoxic effects and impaired nerve perfusion
[22]. Smoking, a modifiable risk factor, offers an opportunity for
intervention because smoking cessation can slow the progression
of neuropathy and, beyond its known cardiovascular health
benefits, reduce morbidity and improve quality of life in these

patients.

Interestingly, and in contrast to studies in the general population,
we found no significant association between neuropathic
pain and diabetes mellitus, hypertension, or other assessed
comorbidities. This paradox has also been reported in other
dialysis cohorts and suggests that, in advanced stages of CKD,
the overwhelming uremic insult may potentially become a more
dominant neuropathic stimulus, thereby modifying or masking
the typical clinical phenotype of diabetic neuropathy [7, 10,
23]. These findings indicate that all long-term HD patients,
regardless of underlying comorbidities, should be considered
at increased risk for neuropathic pain and should therefore be

routinely screened.

An unanticipated finding was the significant difference in
marital status, with a higher proportion of married individuals
in the neuropathic pain group. While this is unlikely to reflect a
direct pathophysiological link, it may be indicative of reporting
bias or psychosocial factors. Married patients may have better
social support systems, leading to increased help-seeking
behavior and a higher likelihood of symptom reporting and
detection during clinical assessment. Alternatively, this could
be a spurious association related to the specific demographics of
our single-center sample, and its interpretation warrants caution

and further investigation in larger, multi-center studies.
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Limitations

This study has several limitations. First, because of its cross-
sectional nature, we cannot establish a cause—effect relationship
between the identified risk factors and neuropathic pain.
Second, the data were derived from a single nephrology center,
which may restrict the extent to which our results can be
extrapolated to other settings. Despite strict inclusion criteria
aimed at minimizing confounding, unmeasured variables such
as specific nutritional deficiencies (e.g., thiamine), detailed
glycemic control metrics (e.g., time-in-range), or subclinical
inflammatory markers may have influenced the findings.
In addition, smoking status was assessed only as current
smoking, without detailed information on cumulative exposure
such as pack-years, which may have limited a more precise
evaluation of the dose—response relationship between smoking
and neuropathic pain. Furthermore, the LANSS scale, while
validated and practical, is a screening tool and not a substitute
for a definitive diagnosis via electrophysiological studies or
neurological examination; therefore, the absence of assessment
using an objective diagnostic method should be considered
a limitation of the study. Neuropathic pain severity was not
graded, as the LANSS scale was used solely as a dichotomous
screening tool (present/absent) rather than a severity assessment
instrument. The observed association between marital status
and neuropathic pain should be interpreted with caution. This
finding may reflect reporting bias, differences in health-seeking
behavior, or unmeasured psychosocial factors rather than a
true biological relationship, and it may represent a spurious

association related to the single-center design.

CONCLUSIONS

Inconclusion, neuropathic painis highly prevalentamong patients
receiving maintenance HD and is independently associated with
longer dialysis and CKD duration, polypharmacy, and smoking.
These results suggest that neuropathic pain in this population
is a consequence of the cumulative burden of uremia and HD
treatment duration rather than disease etiology. Our findings
suggest that integrating routine pain screening using validated
tools into standard HD care protocols would be beneficial.
More importantly, modifiable risk factors such as smoking and
polypharmacy should be targeted in follow-up and treatment
in these patients. Future prospective, multicenter longitudinal
studies are warranted to elucidate the precise causal mechanisms
and to develop evidence-based interventions for prevention and

management.
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ABSTRACT

Objective: Lung cancer is characterized by uncontrolled proliferation, loss of apoptosis,
angiogenesis, and metastatic potential. Caffeic acid phenethyl ester (CAPE), the major
bioactive molecule of propolis, and epigallocatechin gallate (EGCG), a essential
polyphenol of green tea, have documented antioxidant, anti-proliferative, and anti-
angiogenic effects. This study aimed to investigate the effects of EGCG and CAPE
on VEGF and the PI3K/Akt/mTOR signaling pathway, key regulators of lung cancer
progression, using in silico and in vitro models.

Methods: This study Lung cancer cells (DSMZ/ACC-234) was conducted to demonstrate
the inhibition of cell proliferation by the MTT method, molecular binding via autodock
vina and protein expression by immunohistochemistry analysis, targeting the VEGF and
PI3K/Akt/mTOR pathways with CAPE and EGCG treatment.

Results: EGCG and CAPE treatments significantly reduced cell proliferation in lung
cancer cells. Untreated cells exhibited strong to very strong immunoreactivity for VEGF
and PI3K/Akt/mTOR pathway markers, whereas EGCG reduced these signals to mild—
moderate levels and to CAPE moderate—strong levels. Since both treatments resulted
in a statistically significant increase in mTORC1 immunoreactivity, molecular docking
targeting was performed via it.

Conclusion: EGCG and CAPE exhibit significant anti-proliferative and anti-angiogenic
effects by adjusting the VEGF and PI3K/Akt/mTOR signaling pathways in lung cancer
cells. mnTORCT1 activation molecular binding affinity is higher in the CAPE-treated group
compared to the EGCG group. These findings highlight the therapeutic importance of

targeting these pathways in developing novel treatment strategies for lung cancer.
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INTRODUCTION

Lung cancer (LC) continues to pose a significant global
health challenge, with notable geographical and demographic
differences in its incidence. Recent epidemiological reports
indicate that, in some countries such as the United States,
adenocarcinoma incidence among young women has reached or

exceeded that of their male counterparts [1].

Accounting for nearly 85% of all LC diagnoses, non-small cell
lung cancer (NSCLC) is the largest component and is mainly
composed of adenocarcinoma and squamous cell carcinoma
[2]. Although radiotherapy is a corner stone of lung cancer
management, the inherent radioresistance of lung tumors often
requires dose escalation, thereby heightening the risk of injury to

adjacent healthy lung tissue [3, 4].

Current pharmacological approaches are similarly limited in
their effectiveness. Chemotherapeutic regimens are frequently
associated with considerable systemic toxicities, including
neurological, gastrointestinal, and cardiovascular complications
[5]. Targeted drugs, while effective in selected molecularly
defined patient groups, may cause severe adverse events such
as irreversible pulmonary fibrosis [6]. Inmunotherapies benefit
only a subset of individuals and often encounter the challenge of
secondary resistance [7]. These limitations highlight the critical
need for safer, more effective, and broadly applicable therapeutic
alternatives for LC. This has amplified the interest in natural

compounds with potential anticancer activity.

Caffeic acid phenethyl ester (CAPE), the principal bioactive

phenolic constituent of propolis, exhibits cytotoxic effects in

Main Points

e CAPE and EGCG markedly suppress cell proliferation

in lung cancer cells.

e Both compounds effectively modulate the VEGF and
PI3K/Akt/mTOR signaling pathways that drive tumor
progression.

e Molecular docking analyses revealed a higher binding

affinity of CAPE to mTORC1 compared with EGCG.

o  These results underscore the therapeutic potential
of natural compounds as targeted strategies for lung

cancer treatment.
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multiple cancer types, including breast, ovarian, prostate, and
colon cancers [8]. In addition to its antitumor activity, CAPE
has demonstrated radioprotective properties by downregulating
inflammatory pathways such as Nrf2 and NF-«B in both cellular

and animal models [9-11].

Similarly, epigallocatechin gallate (EGCG), a major polyphenol
derived from green tea, exerts pleiotropic anti-cancer effects. It
suppresses tumor cell proliferation, induces apoptosis, modulates
autophagy, and enhances the efficacy of chemotherapeutic agents
in a wide spectrum of cancers including lung, ovary, pancreatic,
stomach, lymphoma, and myeloma [12, 13]. It suppresses cancer
cell growth and proliferation, induces apoptotic cell death, and
inhibits the expression of multiple proteins essential for tumor
progression. Furthermore, EGCG has been reported to enhance
the efficacy of chemotherapeutic agents by stimulating cell
signaling initiators such as AMPK, and to act by limiting cancer
cell growth and metastasis through autophagic processes [14].
According to earlier research, EGCG suppresses the activation
of the PI3K/Akt signaling pathway, which causes apoptosis in

human pancreatic and colon cancer cells [15, 16].

The PI3K signaling pathway is a key regulator of cancer
progression, as it enhances cell survival, inhibits apoptotic
processes, and promotes angiogenesis within the tumor
microenvironment. Vascular endothelial growth factor (VEGF),
which promotes neovascularization and triggers PI3K/Akt
signaling to boost endothelial cell proliferation and vasculogenic
mimicry, is a crucial mediator of this process [17]. This reciprocal
interaction between VEGF and PI3K creates a reinforcing loop
that supports tumor growth, metastasis, and the metabolic
demands of rapidly dividing cancer cells. Because VEGF-
mediated activation of the PI3K/Akt/mTOR pathway is a critical
driver of angiogenesis, therapeutic approaches targeting this
signaling axis have emerged as a central focus in the development

of more effective anticancer strategies [18].

This study aims to evaluate the effects of varying concentrations
of CAPE and EGCG on the proliferative capacity and angiogenic
potential of ACC-234 lung cancer cells, while elucidating the
underlying molecular mechanisms. The findings are intended
to provide a theoretical basis for the potential therapeutic
application of CAPE and EGCG in lung cancer management.
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MATERIALS AND METHODS

Cell Culture

Cell lines for lung cancer (ACC 234) were acquired from DSMZ
(Braunschweig, Germany). RPMI-1640(Capricorn, Germany)
liquid raw medium was prepared by adding fetal bovine serum
(FBS; Gibco, Life Technologies Corporation, Paisley, UK) at a
final concentration of 10% (v/v), penicillin-streptomycin (Gibco,
Life Technologies, Grand Island, USA) at a concentration of 1%,
and 100 pl of amphotericin-B (Gibco, Life Technologies Limited,
Paisley, UK) to a volume of 500 ml. This prepared mixture was
sterilized by filtering it through a 0.22 um bottle-top filter and
stored at +4°C. ACC 234 cell culture was maintained at 37°C,
5% carbon dioxide, and 95% humidity in an incubator. Once the
cells reached 70-80% confluency, they were transferred to new
flasks after being detached from the flask surface using trypsin
(0.05%)-EDTA (0.02%) solution (Gibco).

CAPE and EGCG Treatment

Caffeic acid phenethyl ester (CAPE) (Santa Cruz, CA, USA)
was mixed in dimethyl sulfoxide (DMSO) to create a 1 mM
stock solution, which was used to control cell growth. The final
working concentrations of 50, 100, and 150 uM were obtained
by diluting the stock solution with full culture media [19]. The
final working concentrations of 10, 30, and 50 uM were obtained
by diluting the 1 mM stock solution of epigallocatechin gallate
(EGCG) (Sigma-Aldrich, Germany) with complete culture media
after it had been dissolved in dimethyl sulfoxide (DMSO)[20].
The ideal dosage and duration of CAPE and EGCG treatment for
ACC 234 cells were determined in part by the MTT assay results.

Cell Viability

An MTT assay (3-(4,5 - dimethylthiazol - 2 - yl) - 2,5 -
diphenyltetrazolium bromide) was performed to analyze cell
viability. MTT (Gold Biotechnology Inc., St. Louis, MO, USA)
was dissolved in a PBS solution (5 mg/mL) and filtered via a
0.22 pm pore size filter. ACC-234 cells was seeded in sterile 96-
well plates at a density of 5 x 103 cells per 100 uL of medium.
After culturing the cells overnight to ensure adhesion, they were
treated with cell culture medium containing 1 uL/mL DMSO,
CAPE (50, 100 and 150 uM) or EGCG (10, 30 and 50 uM)
and then incubated for 48 hours.The incubation medium was
removed, and 90 pL of the fresh medium along with 10 pL of
MTT were added to each well. Following 2 h incubation at 37
°C, the purple formazan crystals that had formed were dissolved
by the addition of 100 pL of DMSO. Absorbance was measured
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at 570 and 690 nm using a MicroQuant plate reader (Bio-Tek
Instruments Inc., Charlotte, VT, USA). The absorbance from the
control group was considered as 100% cell viability, and cell
viability (%) was calculated using the formula: Cell viability (%)
= (Abs sample/Abs control) x 100.

Five different experimental groups were created according to the
MTT cell viability results: (1) Control (only cell+ medium for 48
h); (2) DMSO (cells incubated with 1 uL/mL DMSO for 24 h);
(3) CAPE (150 uM, 48 h), and (4) EGCG (50 uM, 48 h).

Immunostaining

Eight-well cell culture slides were seeded with approximately 1
x 10° cells per well and incubated overnight at 37°C in a 5%
CO: environment. After the cells reached approximately 70%
density, CAPE and EGCG were added to the culture medium,
and the cells were incubated for 48 hours. After incubation,
the cells were washed with cold PBS and fixed with 4%
paraformaldehyde for ten minutes. Following further washes
with PBS, 5% normal goat serum was used for blocking after
permeabilization with 0.2% Triton X-100 for 30 minutes. Cells
were then incubated overnight at 4°C with primary antibodies
(all diluted 1:200) against VEGF (Sc-9013, Santa Cruz Biotech,
Heidelberg, Germany), PI3K (BT-AP07136, BT Bio Tech. Lab,
China), phospho-Akt (649001, BioLegend Discovery), mTORC1
(Sc-27744, Santa Cruz Biotech, Germany), and mTORC2 (Sc-
130865, Santa Cruz Biotech, Germany). After PBS washes,
appropriate biotinylated secondary antibodies and streptavidin-
peroxidase were applied, each for 30 minutes. Diaminobenzidine
was used as the chromogen, and Mayer’s hematoxylin as the
counterstain. Slides were prepared and examined under a light

microscope.

We calculated H-scores [21] using a semiquantitative assessment
of both theintensity of staining and the percentage of positive
cells. The intensity of staining was assessed semiquantitatively
as: O,no staining; 1, weak staining; 2, moderate staining; 3,
strongstaining. Both the ratio of immunopositive cells to all
cancercells in the selected fields and the respective H-scores
werecalculated. More than 200 cancer cells were counted
foreach group for each antibody and the H-scores werecalculated
by adding the percentage of strongly stainednuclei (3), the
percentage of moderately stained nuclei (2),and the percentage

of weakly stained nuclei (1) fora possible range of 0-200.
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Protein Preparation

The methods employed in this study integrate molecular docking
with network-based systems analysis to prioritize targets and
interpret binding-related pathways. The three-dimensional (3D)
structure of mMTORC1 (PDB ID: 7YRIJ) was retrieved from the
Protein Data Bank (PDB) and prepared prior to docking. B chain

of the protein was left untouched.

Ligand Preparation and Optimization

The canonical SMILES representations of CAPE (PubChem ID:
5281787) and EGCG (PubChem ID: 65064) were retrieved from
the PubChem(https://pubchem.ncbi.nlm.nih.gov/) (accessed on
September 12, 2024) database. These molecular descriptors
were used to define the chemical structures of the ligands in a
standardized and reproducible format. Following retrieval, the
SMILES strings were uploaded to the CB Dock platform, where
they were automatically converted into three-dimensional ligand
conformations suitable for molecular docking. This approach
ensured consistent ligand preparation and enabled reliable
evaluation of the binding interactions between CAPE, EGCG,

and the target protein during the docking simulations.

Docking Protocol

Next, the ligand and protein were uploaded, and molecular
docking was performed using CB-DOCK2[22]. We uploaded
the mTORCI protein PDB file and the ligand(CAPE and EGCG)
SDF file to CB-DOCK2, selecting the “auto blind docking”
mode to obtain the docking results. CB-DOCK2 conducts
fully automatic protein—ligand blind docking calculations in
four steps: (1) input and quality check of protein and ligand
structural data; (2) preprocessing of structural data, including
the repair of missing atoms and hydrogen atoms, as well as the
removal of water molecules and other heteroatoms; (3) protein
pocket detection, spatial parameter estimation, and molecular
docking on the basis of Vina scoring and template matching with
conformational transfer; and (4) comprehensive processing and
visualization of the calculation results. The results were then
visualized in two dimensions via Discovery Studio 2019 (https://
www.3ds.com/products/) and Maestro 12.8 software (https://
www.schrodinger.com/platform/products/maestro/). To further
valida te the docking results, we also used AutoDock Tools 1.5.7
and AutoDock Vina for additional analysis.

Statistical Analysis
Immunohistochemical staining was evaluated using H-scores.

The H-score results were analyzed using one-way ANOVA

Dilber Y, et al.

by Tukey-Kramer multiple comparisons testusing GraphPad
Software (San Diego, CA). Values for p < 0.05 were considered
statistically significant.The specific statistical tests applied to
each measurement are described in detail in the corresponding
figure and table legends. Prior to inter group comparisons, data
distribution was assessed using normality tests. When the data
did not meet the assumptions of normal distribution, appropriate

nonparametric statistical tests were applied.

RESULTS

Cell Viability Analysis

Cell viability analysis was performed on ACC 234 lung cancer
cells following 48 hours of CAPE (50, 100, 150 uM) and EGCG
(10, 30, and 50 uM) treatment (Figure 1). Cell viability in lung
cancer cells decreased significantly at 100 and 150 uM CAPE
doses compared to the control and other groups at 48 hours.
However, significant differences were also observed between the
100 and 150 uM doses (Figure 1-A).

The vitality values of lung cancer cells were considerably
decreased by all EGCG doses given for 48 hours. When lung
cancer cells were treated with 30 and 50 pM EGCG for 48 hours,
their viability was much lower than that of the control group.
Compared to the other groups, 50 uM EGCG administration for
48 hours dramatically decreased cell growth in ACC 234 cells
(Figure 1-B).

VEGF, VEGFR1 and VEGFR2 Levels in ACC 234 lung
cancer Cells

2-A show VEGF, VEGFRl and VEGFR2
immunohistochemistry staining in ACC 234 lung cancer cell

Figures

line. Immunohistochemical staining quantification (Figure 2-B)
of VEGF, VEGFR1, and VEGFR2 proteins was significantly
decreased in both CAPE (150 puM) and EGCG (50 uM)
groups compared to the control group. VEGF stimulation was
significantly decreased in the EGCG group compared to the
CAPE group.

PI3K, p-AKT, mTORC1 and mTORC?2 Levels in ACC 234
lung cancer Cells

Figure 3-A shows immunohistochemical staining of PI3K,
p-AKT, mTORCI, and mTORC?2 protein levels in lung cancer
cells after CAPE and EGCG administration.

When comparing the CAPE and EGCG groups to the control

group, there was a substantial decrease in the quantitative
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determination of PI3K immunohistochemistry staining. The
EGCG group’s PI3K protein levels were considerably lower than
those of the CAPE group.

The CAPE and EGCG groups’ p-AKT immunohistochemical
staining measures were significantly lower than those of the
control group. The EGCG group’s p-AKT protein levels were
considerably lower than those of the CAPE group.

In comparison to the control group, the quantitative measurement
of mTORCI1 immunohistochemical staining was considerably
lower in the CAPE and EGCG groups. The EGCG group’s
mTORCI1 protein level dramatically dropped, particularly when
compared to the CAPE and control groups.

Quantitative determination of mMTORC2 immunohistochemical
staining was significantly decreased in the CAPE and EGCG

Dilber Y, et al.

groups compared to the control group. There is no difference
in mTORC?2 protein levels between CAPE and EGCG applied

groups.

Docking analysis of CAPE with mTORC1

Ten binding positions of the ligand were chosen on the protein
surface, and the docking outcome is presented in Table 1. With
a binding affinity of -7.0 kcal/mol for both L.B. and U.B. and an
RMSD value of 0.000, indicating a steady binding interaction,
the first binding location (ID: 1) had the highest docking score.
The other binding positions had docking scores between -6.6
kcal/mol and -5.9 kcal/mol. Detailed images for the ligand-
protein interaction concerning affinity, basic hydrogen bonds,
and van der Waals interactions of CAPE with mTORCI1 protein
are provided in Figures 4-A and 4-B. The images describe the
most stable binding position and provide information about the

task-domain amino acid residues participating in the interaction.
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Figure 1-A. Evaluation of cell viability by MTT analysis for
48 hours in ACC-234 cells. Cells treated with Caffeic acid
(CAPE, 50, 100 and 150 pM) and DMSO,
dimethyl sulfoxide (1p/ml). Data are representative of 7-8

phenethyl ester

separate experiments and values are given as mean = SD.
Statistical analysis was performed by two-way ANOVA and
differences between groups were determined by Tukey’s multiple
comparison test. **, p<0.050, when compared with the control
group at the same time periods. ***, p<0.001, when compared

with all other groups at the same time period.
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Figure 1-B. Evaluation of cell viability by MTT analysis for
48 hours in ACC-234 cells. Cells treated with Epigallocatechin
Gallate (EGCG,10, 30 and 50 uM) and DMSO, dimethyl
sulfoxide (1p/ml).
experiments and values are given as mean + SD. Statistical

Data are representative of 6-8 separate

analysis was performed by two-way ANOVA and differences
between groups were determined by Tukey’s multiple comparison
test. *, p<0.005, when compared with the control group and
DMSO. **, p<0.001, when compared with the control, DMSO
and EGCG 10 pM group at the same time period. ***, p<0.0001,

when compared with other all group.
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Figure 2.A. Representative immunofluorescent staining Figure 2-B. Data shown are representative of 8 separate

of Vascular endothelial growth factor (VEGF), Vascular
endothelial growth factor receptor 1(VEGFR1) and Vascular
endothelial growth factor receptor 2(VEGFR2) in ACC 234
cells treated with either, CAPE (150 uM) and EGCG (50uM).
20 X magnification. Incubation with 48 hours in the CAPE and
EGCG group. Quantitation of VEGF, VEGFR1 and VEGFR2
immunohistochemistry staining in ACC 234 cells by Imagel

software.

measurements and values are given as mean + SD. Statistical
analysis was performed by one-way ANOVA and differences
between groups were determined by Tukey’s multiple
comparisons analysis. *** p<0.0001, when compared control

groups.
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Figure 3-A. Representative immunofluorescent staining of
phosphatidylinositol 3-kinase (PI3K), phospho (Ser473) protein
kinase Akt (p-AKT) and mammalian target of rapamycin
(p-mTOR) in ACC 234 cells treated with either, CAPE (150
uM) and EGCG (50uM). 20 X magnification. Incubation with
48 hours in the CAPE and EGCG group. Quantitation of PI3K,
p-Akt, mMTORC1 and mTORC2 immunohistochemistry staining
in ACC 234 cells by Image] software.

Figure 3-B. Data shown are representative of 8 separate
measurements and values are given as mean + SD. Statistical
analysis was performed by one-way ANOVA and differences
were determined by Tukey’s

between groups multiple

comparisons analysis. *** p<0.0001, when compared control

groups.
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Figure 4. Binding Mode of the Top-Scoring Docking Model of CAPE with mTORCI1.

This figure illustrates the binding configuration of the highest-affinity docking model for CAPE interacting with the mTORC1
protein. A) On the left, the complete 3D structure of mMTORCI is displayed, highlighting the CAPE binding site. B) The inset on the
right zooms in on the critical binding interactions. CAPE (in the box ) forms multiple interactions with critical residues of mTORCI,
including LEU B150, TRP B173, ASN B148,LYS B142, GLU B177 and SER B145. Dark green dashed lines indicate hydrogen
bonds, while light green dashed lines represent van der Waals interactions. Dark purple dashed lines indicate Pi-Sigma, while light
purple dashed lines represent Pi-Alkyl interactions These interactions depict the most stable conformation of CAPE within the
mTORCI binding pocket, as determined by the docking analysis.

nnnnnnn

Figure 5. Binding Mode of the Top-Scoring Docking Model of EGCG with mTORCI. This figure illustrates the binding configuration
of the highest-affinity docking model for EGCG interacting with the mTORCI1 protein. A) On the left, the complete 3D structure of
mTORCI is displayed, highlighting the EGCG binding site. B) The inset on the right zooms in on the critical binding interactions.
EGCG (in the box ) forms multiple interactions with critical residues of mMTORC1, including ARG B163, GLN B216, PHE B217,ARG
B218,GLY B20 and LYS B205.Dark green dashed lines indicate hydrogen bonds, while light green dashed lines represent Pi-Lone
pair interactions. Red dashed lines indicate unfavorable bump, while orange dashed lines represent Pi-Cation interactions These
interactions depict the most stable conformation of EGCG within the mTORC]1 binding pocket, as determined by the docking

analysis.
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Table 1. Binding Mode of the Top-Scoring Docking Model of
CAPE with mTORCI.

Dilber Y, et al.

Table 2. Binding Mode of the Top-Scoring Docking Model of
EGCG with mTORCI.

Docking analysis of EGCG with mTORC1

Tenbinding postures in all were produced, and Table 2 summarizes
the docking analysis’s findings. The initial binding model (ID:1)
had the best docking score, ensuring a stable and defined binding
interface, with a binding affinity of —5.8 kcal/mol and an RMSD
of 0.000 for both lower bound (L.B.) and upper bound (U.B.).
Docking values for the other binding models ranged from —5.6
kcal/mol to —5.3 kcal/mol. Figures 5-A and 5-B provide visual
representations of the ligand-protein interactions for EGCG and
mTORCI, including binding posture, critical hydrogen bonds,
and van der Waals interactions.

DISCUSSION

Lung cancer (LC) is still a significant public health concern,
especially in underdeveloped nations, despite recent significant
advancements in treatment approaches. Our main goal in
this work was to assess the in vitro anticancer potential of
epigallocatechin gallate (EGCG) and caffeic acid phenethyl
ester (CAPE) in LC. A further objective was to elucidate the
underlying molecular mechanisms, with specific focus on the
complex crosstalk between the PI3K/Akt/mTOR signaling
cascade and VEGF-related pathways.

Model Affinity dist from best mode | dist from best mode Model Affinity dist from best mode | dist from best mode
(kcal/mol) | (rmsd L.b.) (rmsd u.b.) (kcal/mol) | (rmsd L.b.) (rmsd u.b.)
1 70 0.000 0.000 1 -5.8 0.000 0.000
2178 2 -5.6 1.951 6.309
2 -6.6|20.503 ' 3 56 |2.683 5.825
3 64 2559 6.935 4 -5.6 2.109 2.718
5 -5.5 3.602 6.990
19.987
4 6.2 17.444 6 5.5 12.016 16.491
7 -5.5 3.197 6.610
5 -6.2 5.117 8.426
8 -5.5 4.230 7.840
21.291
6 -6.1 20.299 9 -5.3 10.709 14.767
10 -5.3 3.557 7.420
7 -6.1 4314 9457
8 -6.0 1.875 6.736
To achieve these goals, we chose the ACC 234 cell line as our
-6.0 . . . .
9 11.233 12.002 experimental model. This cell line was carefully selected in light
10 59 10.752 13.690 of its tumorigenic properties, which make it appropriate for

possible application in in vivo research.

Natural therapeutic compounds are known to exert anticancer
effects with a comparatively favorable and more tolerable
therapeutic index. In this context, CAPE and EGCG were
specifically chosen because of their documented bioactive
properties and their reported use as potential monotherapeutic
agents against lung cancer [23]. Considering CAPE and EGCG
have some of those characteristics and have been utilized
as possible monotherapeutic drugs against lung cancer, we
specifically chose them to be used in our investigation [24, 25].

have demonstrated that CAPE

suppresses tumor growth, invasion, and metastasis, inhibits

Previous in vivo studies
VEGF-stimulated neovascularization, and reduces vascular
permeability. Additionally, in mouse models implanted with lung,
colon, and melanoma cancer cells, CAPE has been demonstrated
to restrict tumor growth and angiogenesis, mostly by inhibition
of Cell growth is suppressed when intracellular PI3K/Akt/mTOR
signaling is stimulated by VEGF [26]. Accumulating evidence
indicates that CAPE exhibits antitumor activity across a wide
range of human cancer cell types. Notably, CAPE administration
has been shown to overcome cisplatin resistance in lung cancer
by inducing G2/M cell cycle arrest and downregulating the
PI3K/Akt signaling pathway. VEGF, a key angiogenic mediator,
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functions as a potent endothelial cell-specific mitogen that drives

pathological angiogenesis [27].

Vascular endothelial growth factor (VEGF) is an endothelial
cell-specific mitogen that plays a role in pathological endothelial
activation during the angiogenesis phase. Recent findings in
studies have shown that caffeic acid phenethyl ester (CAPE)
actively suppresses tumor cell growth, invasion, and abnormal
metastatic spread. CAPE has been shown to prevent VEGF-
induced neovascularization by inhibiting plug formation
in the vascular matrigel. It has also been shown to reduce
vascular filtration in mouse skin capillaries in an in vivo study.
Additionally, in C57BL/6 and BALB/c mice models injected with
Lewis lung carcinoma, colon carcinoma, and melanoma cells,
CAPE dramatically decreased tumor growth and angiogenesis.
[28]. This study also showed that CAPE suppresses proliferation
by inhibiting the activation of PI3K/Akt/mTOR, one of the
intracellular signaling pathways via VEGF.

EGCG has been shown in numerous trials to have inhibitory
effects on a variety of cancer types, including triple-negative
breast cancer (TNBC). Experimental evidence indicates that
EGCG induces cell cycle arrest, promotes apoptotic cell death,
and markedly reduces cancer cell proliferation [ 12]. By activating
signaling pathways including AMPK, boosting the effects of
chemotherapeutic medications, and modifying autophagy,
EGCG has been shown to limit the proliferation and invasion
of cancer cells [14]. Previous studies have shown that EGCG
induces apoptosis in human pancreatic and colon cancer cells by

inhibiting activation of the PI3K/Akt signaling pathway [16].

VEGF, which is secreted by tumor cells, can stimulate cell
proliferation and the growth of endothelial cells and form new
blood vessel [29]. VEGF also participatesin the promotion of
glycolysis in prostate cancer by activating HIFloand NRP-1
[30]. Wei et al. [31] shown that via inhibiting glycolysis, EGCG
is a potent combination partner of gemcitabine that slows the
development of pancreatic cancer cells. This study showed
that VEGF, VEGFR1, VEGFR2, PI3K, p-AKT, mTORCI and
mTORC2 were significantly decrease in EGCG-treated ACC
234 cells. Together, these data confirmed that EGCG regulates
glycolysis in cancer cells through VEGF overexpression.

Activation of the VEGF-mediated PI3K/Akt/mTORC signaling
pathway was evident in both the CAPE- and EGCG-treated
groups. Notably, cell viability assays and immunohistochemical
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analyses consistently indicated that CAPE exerted a slightly
greater inhibitory sensitivity compared to EGCG.

The phosphoinositide 3-kinase (PI3K)-Akt—mechanistic target
of rapamycin (mTOR) signaling axis constitutes a master
regulatory network governing a broad spectrum of fundamental
cellular processes, including proliferation, survival, metabolic
homeostasis, autophagy, and immune regulation. Owing to
its pivotal role in sustaining oncogenic growth and cellular
adaptability, mTOR has been firmly established as a strategically
important therapeutic target, particularly in malignancies driven
by genetic aberrations or metabolic dysregulation that result in
persistent pathway hyperactivation. Compelling evidence from
both in vitro and in vivo models indicates that rapamycin, a well-
characterized immunosuppressive agent, potently attenuates
mTOR signaling, thereby curtailing tumor cell growth and
proliferative capacity. CAPE has been shown to have the highest
MAPK protein binding capacity in HT29 colon cancer cells
compared to other applied agents [32]. In MDA-MB-231 and
A549 cell models, molecular docking analyses have revealed
that EGCG exhibits strong binding affinity toward the active site
of the PI3K kinase domain, a finding that is consistent with its
reported ability to compete with ATP for binding and thereby
inhibit kinase activity [33].

There is currently no published evidence addressing the molecular
interactions between the mTORC1 complex and CAPE or EGCG
in lung cancer cells. To the best of our knowledge, our findings
represent the first experimental data to elucidate these potential
binding dynamics and provide novel insights into this previously
unexplored aspect of mTORCI regulation.

Limitations

This study has some limitations that should be noted. First, the
experiments were limited to a single lung cancer cell line under
in vitro conditions, which may not fully reflect the complex in
vivo tumor microenvironment. Second, the absence of non-
cancerous (normal) cell line controls limits the evaluation of
treatment selectivity and systemic cytotoxicity. Finally, while
modulation of the PI3K/Akt/mTOR pathway was observed,
further validation with advanced biochemical or structural assays
is required. Future studies incorporating healthy human cell lines
and in vivo models are warranted to enhance the translational
relevance and safety profile of CAPE and EGCG.
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CONCLUSIONS

In the lung cancer cell line, EGCG and CAPE demonstrated
significant regulatory effects on cell proliferation and angiogenic
processes through modulation of the VEGF and PI3K/Akt/
mTOR signaling pathway. These findings underscore the
therapeutic relevance of targeting this axis and highlight the
potential contribution of EGCG- or CAPE-based strategies to
the development of more effective treatment protocols aimed
at disrupting proliferative and pro-angiogenic signaling in lung

cancer.
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ABSTRACT

Objective: Traffic accidents are one of the leading causes of death worldwide. This
study aims to examine the demographic data, trauma scores, and seasonal and monthly
distributions of traffic accidents presented to a secondary-level state hospital to improve
emergency department management and contribute to national data.

Methods: This retrospective observational study included patients who presented to the
Emergency Department of Kara Mustafa Paga State Hospital due to traffic accidents
(in-vehicle, out-of-vehicle, motorcycle, etc.) between 01.01.2024-31.12.2024. Data were
retrieved from the hospital’s data system. Demographics, time of accident, monthly
distribution, Injury Severity Score (ISS) values, procedures performed in the emergency
department, and whether referral or admission occurred were recorded for patients with
ICD code Z04.1.

Results: A total of 803 patients were included; 68.6% were male, and the median age
was 32 years. Most accidents (48.7%) occurred between 16:00-24:00. The most common
injury sites were lower extremities (26.4%) and upper extremities (26%). Referrals were
made for 7.5% of patients. August had the highest number of visits (n=114), and summer
had the most accidents (39.6%). The 30-day mortality rate was 2% (n=15). ISS values
were significantly higher in deceased patients compared with surviving patients (p <
0.001). Among 17 ICU admissions, 7 (46.7%) died within one month.

Conclusion: Traffic accidents are more frequent during summer and evening hours.
Legal precautions may help during these periods. ISS calculation is valuable for

prognosis and referral decisions in secondary-level emergency departments.

Keywords: emergency service, injury severity score, mortality, traffic accidents
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INTRODUCTION

Traffic accidents are a significant public health issue that
occurs frequently, can be fatal, and lead to material and labor
losses. They can cause both individual and societal financial
and emotional damage [1,2]. Traffic accidents, especially those
involving young adults in their most productive years, can
result in injuries and fatalities, potentially leading to severe
economic burdens on national economies [3]. While traffic
accident-related deaths are increasing year by year in middle-
and low-income countries, they are decreasing in high-income
countries. Reducing these injuries and fatalities may be possible
by identifying the causes of traffic accidents and implementing
appropriate road safety policies [4]. Additionally, preventive
measures can be taken by identifying the age range, times,
months, and seasons when accidents are most frequent [5]. The
majority of traffic accidents involve in-vehicle collisions, and
with the development of technologies such as seat belts and
airbags, safety measures have a positive effect on morbidity and
mortality [6,7].

After a traffic accident, patients present with a wide range of
injuries, from isolated injuries to life-threatening ones. Trauma
scores are used to guide patient management and to predict

prognosis and referral needs. Various trauma scores are used

Main Points

» Traffic accidents constitute a significant portion of
emergency cases presenting to secondary-level state
hospitals, showing a particularly high incidence
among young and male populations.

*  While the majority of patients evaluated in the
study were discharged with outpatient treatment, a
certain number required surgical intervention and
hospitalization; this highlights the importance of
efficient use of healthcare resources.

* Accidents increase the workload of emergency
departments and place a significant burden on the
planning and management of healthcare system

resources.

e The that the

demographic and clinical characteristics of traffic

findings indicate understanding
accidents provides a critical foundation for developing
preventive policies focused on emergency department

organization, patient management, and public health.
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today [8-10]. One of these scoring systems is the Injury Severity
Score (ISS). It was first introduced in 1974 and is considered the
“gold standard” for assessing the severity of anatomical injuries
[11,12]. The ISS is calculated by summing the squares of the
Abbreviated Injury Scores (AIS) of the three body regions with
the most severe injuries: [ISS = (AIS body region 1)? + (AIS body
region 2)? + (AIS body region 3)?] [13]. AIS is an anatomical-
based scoring system developed in the 1960s to track injuries
from car and airplane accidents. In this system, each injury is
assessed on a six-point scale based on its anatomical severity
[14].

In this study, a retrospective investigation of one year’s worth of
traffic accidents presenting to Kara Mustafa Pasa State Hospital,
a secondary-level state hospital located in the junction area of
the Black Sea road in the district of Merzifon, Amasya, was
planned. The demographic data, injury areas, time of hospital
presentation, seasonal and monthly distribution, emergency
department procedures performed, and ISS wvalues were
analyzed for cases presenting with traffic accidents. The aim of
this study is to analyze the distribution of traffic accidents based
on demographic factors such as age and gender, determine the
time frames, seasonal, and monthly distributions by examining
when the accidents occurred most frequently, and assess the
injuries from traffic accidents using trauma scores to facilitate
prognosis prediction. This will also help identify factors that
may contribute to severe injuries. By contributing to national
traffic accident data, this study aims to support the development
of more effective strategies to prevent accidents and improve

emergency department management.

MATERIALS AND METHODS

Ethical Approval

Prior to the study, ethical approval was obtained from the Ankara
Bilkent City Hospital Scientific and Evaluation Committee of
Medical Research (TABED), with decision number ‘TABED
2-25-1179’, dated May 28, 2025. The researchers adhered to the
principles outlined in the Declaration of Helsinki. Patient data

has not been shared with third parties.

Study Design and Data Collection

This study is retrospective and cross-sectional. Patients who
suffered any type of traffic accident (in-vehicle traffic accident,
out-of-vehicle traffic accident, motorcycle accident, etc.) and
presented to the Emergency Department of Kara Mustafa

Pasa State Hospital either as outpatients or via 112 between
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01.01.2024-31.12.2024 were included in the study. During this
period, patients with the ICD-10 code “Z04.1 Examination and
observation following a traffic accident” were identified in the
hospital database. In our institution, the ICD-10 Z04.1 code is
routinely assigned to all patients presenting after traffic accidents,
regardless of injury severity. Therefore, potential selection bias
associated with this code is minimized, as it represents the full
spectrum of patients involved in traffic accidents (including
in-vehicle, out-of-vehicle, and motorized vehicle incidents),
rather than a specific subgroup. For data entry, forensic reports,
doctors’ notes, and information regarding any re-admissions
to the hospital were reviewed. Data such as date, month,
gender, injury region, transferred department, need for referral,
procedures performed (suturing, intubation, administration of
erythrocyte suspension, thoracic tube insertion, reduction, etc.),
and 30-day mortality were examined, and the Injury Severity
Score (ISS) was calculated based on the region and severity of
the injury. In scoring, injury severity levels are assigned for each
region (head and neck, face, chest, abdomen, extremities, and
external injuries) as follows: no injury: 0, minor: 1, moderate:
2, serious: 3, severe: 4, critical: 5, and unsurvivable: 6 points.
The AIS score is determined based on these values. The ISS is
then calculated by summing the squares of the AIS scores of
the three most severely injured regions. If any region receives a
score of 6 (unsurvivable), the ISS is automatically considered to

be 75. All data were recorded accordingly.

Patient Selection

A total of 826 patients who met the criteria were evaluated.
Among these patients, 20 were excluded due to the unavailability
of forensic reports, and 3 were excluded because they refused to
undergo examination. Thus, 803 patients were included in the

study.

Statistical Analysis

The data were analyzed using IBM SPSS Statistics 20.0 (IBM
Corp., Armonk, NY). The normality of the data distribution
was assessed using the Kolmogorov-Smirnov test, and non-
parametric tests were applied for variables that did not conform to
anormal distribution. For numerical data, the median, minimum,
and maximum values were calculated, while frequencies and
percentages were computed for categorical variables. The Mann-
Whitney U test was used to analyze numerical parameters,
and Chi-square and Fisher’s Exact tests were used to assess
relationships between categorical variables. A p-value of less

than 0.05 was considered statistically significant.
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RESULTS

A total of 803 patients were included in the study, with a median
age of 32 years (range: 0-93). Trauma injury scores ranged from
0 to 75, with a median score of 1. Of the patients, 68.6% (n=551)
were male, and 31.4% (n=252) were female. The majority of
traffic accidents occurred between 16:00-24:00 (48.7%), followed
by 08:00-16:00 (38.7%) and 00:00-08:00 (12.6%) (Table 1).

When examining the injury areas, the most frequently affected
arcas were the lower extremities (26.4%) and upper extremities
(26%), followed by the head and neck (21.2%)), face (16%), thorax
(15.2%), abdomen (9.1%), and pelvis (6.4%). 7.5% of patients
required surgical intervention or were transferred to another
hospital for admission to an intensive care unit (ICU). The 30-

day mortality rate among all patients was 2% (n=15) (Table 1).

The most common medical procedures performed in the
emergency department were suturing (11.2%), followed
by splinting (5.9%), intubation (1.6%), reduction (1.2%),
cardiopulmonary resuscitation (CPR) (0.7%), and red blood cell
transfusion (0.4%) (Table 2).

Table 1. Patients’ age, trauma scores, time intervals of traffic
accidents, injury areas, referral status, and 30-day mortality

rates; presented as numerical and percentage values.

Variables n (%)
Age Median (min-max) 32 (0-93)
Injury Severity Score (ISS) Median (min- Max) 1 (0-75)
Male 551 (68.6)
Gender
Female 252 (31.4)
00:00-08:00 101 (12.6)
Time interval 08:00-16:00 311 (38.7)
16:00-24:00 391 (48.7)
Head-neck 170 (21.2)
Face 128 (16)
Lower ekstremites 212 (26.4)
Injury areas Upper ekstremite 209 (26)
Thorax 122 (15.2)
Abdomen 73 (9.1)
Pelvis 51(6.4)
Referral to another hospital* 60 (7.5)
Mortality 15(2)

* The reasons for referral of patients to another hospital were the need
for surgical intervention (orthopedics, thoracic surgery, general surgery,
pediatric surgery, plastic and reconstructive surgery) or admission to the

intensive care unit.
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Table 2. Procedures performed on patients presenting to the
emergency department due to traffic accidents.

Prosedures Performed n (%)
Suturing 90 (11,2)
Splint application 47(5,9)
Intubation 13 (1,6)
Reduction 10 (1,2)
CPR* 6(0,7)
Red blood cell transfusion 3(0,4)

*Cardiopulmonary Resuscitation

When comparing the surviving (n=788) and deceased (n=15)
patients, the median age in the deceased group was significantly
lower (median: 23 vs. 33 years, p = 0.006). Trauma injury scores
were significantly higher in deceased patients (median: 50 vs. 1
scores, p <0.001). Deaths mostly occurred between 16:00-24:00
(66.7%), although this difference was not statistically significant
(Table 3).

Among the deceased patients, males constituted a larger
proportion (80%), but this difference was not statistically
significant (p =0.256). There was no significant difference
in the injury areas between survivors and deceased patients,
but certain procedures and clinical features showed a strong
association with mortality. Specifically, suturing (p <0.001) and
transfer to another hospital (p <0.001) were significantly more

frequent in the deceased group (Table 3).

When examining the departments in which the patients were
admitted, the highest mortality rate was observed in the ICU,
with seven patients of 17 patients (46.7%) admitted to the ICU
dying within 30 days. In contrast, no deaths were recorded
among patients admitted to neurosurgery, orthopedics, pediatric
surgery, plastic surgery, and general surgery departments (Table
4).

Looking at the traffic accident admission numbers, the highest
number of admissions occurred in August (n=114), followed by
June (n=103) and July (n=101) (Figure 1). In terms of seasonal
distribution, the highest incidence of traffic accidents was

observed in the summer (39.6%) (Figure 2).
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DISCUSSION

Traffic accidents are a common and significant public health
issue [1]. Therefore, the literature contains numerous studies
addressing this topic. In this study, 68.6% (n=551) of traffic
accident cases were male, consistent with the literature. In a
study by Imal E. et al. [15], 75% of the 100 patients presenting
with in-vehicle traffic accidents were male. Similarly, in the
study by Kaya H. et al. [16] on in-vehicle traffic accidents, 64.6%
(n=192) of the patients were male. The median age of the patients
in our study was 32 years. Ozdemir S. et al. [17] reported that the
average age of the patients was 32.06 years. Kaya H. et al. [16]
reported a median age of 35 years, which is similar to the result
in our study. Overall, males appear to have a higher risk of being
involved in a traffic accident than females. Public awareness
campaigns aimed at preventing traffic accidents may be more

beneficial if targeted towards young adult males.
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Table 3. Thirty-day mortality and associated factors in patients presenting with traffic accidents

Keskin Elmas F, et al.

Variable Mortality (%) p-value
Survived Deceased

Age Median (min-max) 33 (0-91) 23 (1-93) 0.006

Injury Severity Score (ISS) Median (min- Max) 1 (0-75) 50 (34-75) <0.001
00:00-08:00 101 (12,8%) 0 (0,0%)

Time interval 08:00-16:00 306 (38,8%) 5(33,3%) K
16:00-24:00 381 (48,4%) 10 (66,7%)

Gender Male 539 (68,4%) 12 (80,0%) 0.256*
Head-neck 167 (21,2%) 3(20,0% ) 0.604*
Face 124 (15,7%) 4 (26,7%) 0.206*
Lower ekstremite 209 (26,5%) 3 (20,0%) 0.410%*

Injury areas Upper ekstremite 207 (26,3%) 2 (13,3%) 0.207*
Thorax 120 (15,2%) 2 (13,3%) 0.595%*
Abdomen 71 (9,0% ) 2 (13,3%) 0.402*
Pelvis 50 (6,3%) 1 (6,7%) 0.690*
Suturing 2 (0,3%) 11 (73,3%) <0.001*
Intubation 9 (1,1%) 1(6,7%) 0.173*

Procedures performed in the Reduction 44 (5,6%) 3 (20,0%) 0.052

emergency department Splint application 86 (10,9%) 4 (26,7%) 0.077
Red blood cell transfusion 0 (0,0%) 3 (20,0%) Bolol
CPR** 0(0,0%) 6 (40,0%) K

Referral to another hospital*** 51 (6,5%) 9 (60,0%) <0.001

* Fishers Exact Test

** Cardiopulmonary Resuscitation

*** Due to limited data in relevant categories, statistical analysis was not performed for some variables, which prevented reliable calculation of

p-values.

Table 4. Comparison of 1-month mortality rates of patients presenting to the emergency department due to traffic accidents according

to the hospital wards where they were admitted.

Departments Mortality(%) Survived Deceased
Intensive Care Unit (ICU) 41,2 10 7
Thoracic Surgery 5,6 17 1
Orthopedics 0 27 0
Neurosurgery 0 13 0
Plastic Surgery 0 10 0
General Surgery 0 6 0
Pediatric Surgery 0 5 0
Other 0 4 0
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Regarding injury locations, no significant differences were found
between survivors and deceased patients. However, the most
frequently affected regions were the lower extremities (26.4%)
and upper extremities (26%), followed by the head and neck
(21.2%), face (16%), thorax (15.2%), abdomen (9.1%), and pelvis
(6.4%). imal E. et al. [15] showed that the most frequent injury
ares in in-vehicle traffic accidents was extremity injuries (76%).
In Korea, Lee H.Y. et al. [18] found that, in out-of-vehicle traffic
accidents, the most common injuries occurred in the extremities
(36.8%) and the head area (35.9%). This suggests that the most
vulnerable areas during an accident are the extremities and the
head, neck, and face. We believe that, in addition to life-saving
protective equipment in motor vehicles, vehicle interior safety

systems should be further developed to protect these regions.

Trauma injury scores ranged from 0 to 75, with a median score
of 1. The average ISS for in-vehicle traffic accident cases was
reported as 24.28 + 16.69 by Imal E. et al. [15]. In a study by
Monchal T. et al. [19] on 162.695 traffic accident cases, the
average ISS was 8. According to Hosiikler E. et al. [20], the
average ISS was 6.45 + 8.22. Additionally, ISS values were
higher among patients involved in motorcycle and out-of-vehicle
traffic accidents than among those involved in other types of
accidents. In a study by Airaksinen N.K. et al. [21] on 1.063
traffic accidents in Helsinki, the median ISS was 22, with
higher ISS values in out-of-vehicle and motorcycle accidents.
The variability in ISS values may arise from differences in the
studied traffic accident cases and sample sizes. In our study,
traffic accidents were not analyzed by subcategories. However,
consistent with previous studies, patients involved in motorcycle
and out-of-vehicle accidents tended to have a greater number
of affected body regions and more severe injuries, potentially
resulting in higher ISS values. It can be concluded that patients
involved in out-of-vehicle and motorcycle accidents may have
worse outcomes, so more careful management is required in the

emergency department.

When comparing survivors (n=788) and patients who died within
30 days (n=15), no significant difference was found in median
age (median: 22 vs. 33 years, p = 0.006). Their study in Korea
[18] also showed a significant difference between age groups and
ISS in adult traffic accident cases, with ISS values increasing
after the age of 40. In a study by Hosiikler E. et al. [20], ISS
was calculated, and patients 60 years and older were found to
have more severe trauma. Future studies with larger sample

sizes could provide more comprehensive data on this issue.

Keskin Elmas F, et al.

Trauma injury scores were observed to be significantly higher
in deceased patients than in surviving patients (median: 50 vs.
1 scores, p <0.001). Yousefzadeh S. et al. [22] reported that in
geriatric trauma patients, the ISS value was also found to be
higher in deceased patients. In a study by Andara R. et al. [23],
ISS was found to have 90.8% specificity in predicting mortality.
The increase in mortality with higher trauma scores is consistent
with the literature. Trauma scores help in predicting mortality
and prognosis during the initial assessment and are important

for early intervention.

In this study, the majority of deceased patients were male
(80%), although this difference was not statistically significant.
According to Osoro M.E. et al. [24], no difference was found
between males and females regarding the severity of injury
in traffic accidents. In a study by Hosiikler E. et al. [20], no
significant difference in ISS values was found between genders.
Similarly, Atik D. et al. [25], in their study on pediatric traffic
accident cases, found no significant difference in ISS values
between genders. However, in a study by Varlik et al. [26], a
higher mortality rate was reported in males in traffic accidents.
While there was no significant difference in mortality rates
between genders, the higher proportion of males reported in
some studies may reflect the larger number of male participants

in the sample.

The majority of traffic accidents occurred between 16:00-24:00
(48.7%), followed by 08:00-16:00 (38.7%) and 00:00-08:00
(2.6%). In a retrospective study by Aydeniz E. et al. [27], similar
to our study, the majority of traffic accidents occurred between
16:00-24:00. This could be due to increased traffic density
during after-work hours and reduced attention due to driver
fatigue. Special traffic measures could be implemented during

these hours to reduce accidents.

A total of 7.5% of patients were transferred to another hospital
for surgical intervention or ICU admission. Transfers to another
hospital were significantly more frequent among deceased
patients. The authors [1] also found that at Stileyman Demirel
University Hospital, on 14.775 trauma patients, the transfer rate
was 0.7%. The higher transfer rate in our study could be attributed
to our hospital being a secondary care hospital and lacking some
surgical specialties. Giingor F. et al. [28] reported that among
142 motorcycle accident patients, 59% were discharged, 32.8%
were admitted, and 5.7% were transferred. Although this study
was conducted at a tertiary care hospital, the transfer rate is
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similar to ours, possibly due to the smaller sample size or the
hospital’s location in an area with high intercity traffic, which
may result in more severe injuries from accidents. Analysis
of trauma severity and accident timing can provide valuable
guidance for emergency department staffing, team allocation,
and bed utilization. In particular, triage prioritization based
on the mortality risk of referred patients not only enhances the
quality of patient care but also ensures more efficient use of
hospital resources. These findings also offer important insights
for secondary-level emergency department management,
guiding the planning of peak admission periods, optimization
of staff shifts, and effective allocation of critical care resources.
When examining the departments where patients were admitted,
the highest mortality rate was observed in patients admitted
to the ICU. Of the 17 patients admitted to the ICU, 7 (46.7%)
died within one month. In contrast, no deaths were recorded
among patients admitted to neurosurgery, orthopedics, pediatric
surgery, plastic surgery, and general surgery departments.
According to Yildirim F. et al. [29], on trauma patients in the

ICU, 19 out of 31 patients (61.3%) died.

The 30-day mortality rate among all patients was 2% (n=15).
In a study by imal E. et al. [15], the mortality rate was higher
(8%) than in our study. This may be due to the larger sample
size in our study. These authors [5] additionally reported that in
994 traffic accident cases, the mortality rate was 1.9%, which is
similar to our findings. Other studies, such as Varlik et al. [26]
and Bilgin et al. [30], reported a mortality rate of 0.9% in in-
vehicle traffic accidents.

Looking at the traffic accident admission numbers, the highest
number of admissions occurred in August (n=114), followed by
June (n=103) and July (n=101). In terms of seasonal distribution,
the highest incidence of traffic accidents occurred in the
summer (39.6%). In a study by Varol O. et al. [2], 17.9% of
traffic accidents occurred in August. Similarly, Sivri S. et al.
[31], 30.5% (n=126) of accidents occurred during the summer.
The increased traffic volume during the summer holidays may
contribute to the higher number of accidents. We suggest taking
additional preventive measures during the summer months.
In contrast, in a study by Armagan H.H. et al. [5], the highest
proportion of cases (32.6%) occurred in the fall, with October
the highest (12.6%). This difference may be due to variations in

sample characteristics.
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Limitations

This study has several limitations. Firstly, it was conducted
retrospectively and at a single center, which limits the
generalizability of the findings. The study only included patients
presenting to a secondary care state hospital; therefore, the
characteristics of patients presenting to tertiary care centers
or healthcare facilities in rural areas may differ. Additionally,
traffic accidents were not analyzed in detail by subcategories
(e.g., in-vehicle accidents, out-of-vehicle accidents, motorcycle
accidents, etc.), which represents another limitation. The use of
only the Injury Severity Score (ISS) to assess injury severity,
without considering other trauma scores (e.g., RTS, TRISS), is

another limitation of the study.

Furthermore, some cases were excluded due to the lack of access
to forensic reports for certain patients, and, due to the nature of the
hospital records and retrospective data collection, information
on whether certain critical trauma procedures (e.g., pelvic
binder application or chest tube placement) were performed is
not available. Since the data were solely based on the hospital’s
registry system, factors such as scene findings, safety measures
(e.g., seatbelt use, helmet use), and environmental factors that
may have contributed to the accidents could not be assessed.

Therefore, the results should be interpreted with caution.

CONCLUSIONS

Traffic accidents are a significant public health issue in our
country, with a higher incidence observed among young adult
males, particularly during the summer months and evening
hours. The most common injuries were extremity injuries, and
while the mortality rate was low, it was significantly higher
among intensive care unit (ICU) patients. These findings
highlight the need for increased awareness campaigns targeting
young drivers, the implementation of additional legal measures
during the summer months, and the routine use of trauma
scores, such as the Injury Severity Score (ISS), in emergency

departments.
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ABSTRACT

Objective: The increasing prevalence of amphetamine/methamphetamine (MA)
use is a global problem. Methamphetamine Induced Psychosis (MIP) causes more
serious problems, increased burden on health services and has a worse prognosis than
methamphetamine use disorder (MUD). In our study, we aimed to measure and compare
claudin-5 levels in patients diagnosed with MUD and MIP according to DSM-5 and a
healthy control group.

Methods: A total of 68 people, including 24 patients diagnosed with MUD, 20 patients
diagnosed with MIP and 24 healthy controls, who met the inclusion/exclusion criteria
were included in our study. Addiction Profile Index Short Form (API), Positive and
Negative Syndrome Scale (PANSS) and sociodemographic data form were applied to
the whole sample. Serum claudin-5 levels of the participants were measured by the
ELISA method.

Results: Claudin-5 level did not show a statistically significant difference between the
MUD and the control group (p>0.050). Claudin-5 levels were statistically significantly
different between the MUD and MIP group (p<0.050) and between the MIP and control
group (p<0.001). In the correlation analysis, a moderate negative correlation was found
between claudin-5 and recent daily use in the MUD group (r=-0.535, p<0.010).
Conclusion: To the best of our knowledge, our study is the first study in which the
claudin-5 level was evaluated in patients diagnosed with MUD and MIP. Our results may
contribute to the development of specific diagnostic markers for MIP, the investigation of

treatment options, and the identification of biological markers predisposing to psychosis.

Keywords: blood-brain barrier, claudin-5, methamphetamine, methamphetamine-in-

duced psychosis, methamphetamine use disorder
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INTRODUCTION

Amphetamine-type stimulants constitute the second most
commonly consumed category of illicit substances globally,
rankingjustbehind cannabisinoveralluse[1]. Methamphetamine
(MA) is considered a more potent derivative of amphetamine
with a longer duration of action and increased ability to cross
the blood-brain barrier [2]. MA use is a major public health
problem associated with an increased risk of psychosis [3].
Methamphetamine-induced psychosis (MIP) occurs at annual
rates of 13% to 45% among methamphetamine users [4]. MA
users have a 13-fold higher risk of psychosis than the healthy
population [5].

MIP is similar to acute paranoid schizophrenia with clinical
features such as hallucinations and persecutory delusions
[6]. Schizophrenia is characterised by thought disorder,
negative symptoms and cognitive impairment. In acute
and tactile

methamphetamine-induced psychosis, visual

hallucinations are more common.

These findings indicate that psychosis occurring during acute
methamphetamine use may represent a condition separate
from schizophrenia and can be differentiated clinically through
patterns of behavior and cognitive performance. Conversely,
current findings indicate that persistent methamphetamine-
associated psychosis closely resembles primary psychotic
disorders, especially in terms of positive and cognitive
symptoms, whereas negative symptoms are typically more

prominent in schizophrenia [7].

Main Points

e Serum claudin-5 levels were significantly lower in
patients with methamphetamine-induced psychosis
(MIP) compared with both methamphetamine use
disorder (MUD) patients and healthy controls.

e C(Claudin-5 levels did not differ significantly between
the MUD group and healthy controls.

e In the MUD group, claudin-5 levels showed a
moderate negative correlation with recent daily

methamphetamine use.

e These findings support a potential role of blood—brain
barrier tight junction alterations in the pathophysiology
of MIP and may inform future biomarker and

therapeutic target research.

Demir B, et al.

Methamphetamine elevates intracellular dopamine
concentrations, thereby promoting the generation of reactive
oxygen species (ROS) and increasing oxidative stress within
neuronal cells [8]. The increase in oxidative stress can lead
to gastrointestinal inflammation and ischaemia and increase
intestinal permeability[9]. Disruption of intestinal barrier
integrity allows the passage of intestinal contents such as
microbiota, toxins and inflammatory cells into the bloodstream

[9].

circulation are capable of passing through the blood—brain

Gut-originating substances that reach the systemic

barrier into the central nervous system, where they can trigger

inflammatory processes within the brain[10].

The blood—brain barrier (BBB) acts as a safeguarding interface
separating systemic blood flow from the brain, and it preserves
this function through tight junctional complexes created by
zonula occludens between capillary endothelial cells. Claudins
and occludins are membrane-spanning adhesion proteins that
link adjacent cell membranes to ensure barrier integrity. At least
threeclaudins (3,5 and 12) have beenidentified in BBB endothelial
cells. Claudin-5 contributes to BBB function by regulating
intracellular transport of blood-soluble substances smaller than
800 daltons [11]. Numerous studies show an association between
the claudin-5 gene and schizophrenia [12-14]. Alterations in the
claudin-5 gene increase the brain’s vulnerability to adverse
environmental influences [11]. Impaired claudin-5 function
has been reported in several psychiatric conditions, including
depression, obsessive—compulsive disorder, bipolar disorder,
and schizophrenia, as well as in neurodegenerative disorders
such as Alzheimer’s disease [12,15-18].

Findings on blood-brain barrier (BBB) dysfunction in psychotic
disorders [9,19,20] and the fact that methamphetamine use
increases blood-brain barrier permeability as well as intestinal
permeability [9] led us to hypothesize that claudin-5 may play
a role in the pathogenesis of MIP. In our study, we aimed to
measure claudin-5 levels in patients diagnosed with MUD
and MIP according to DSM-5, which may be effective in
physiopathology and etiology and may have potential for
determining new treatment targets. It was also aimed to evaluate
the effect of claudin-5 on the development of MIP in MA users.
In addition, the groups were compared with the healthy control
group and the relationship between disease-specific variables

and claudin-5 levels was analysed.
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This study could provide new insights into the neurobiological
differences underlying methamphetamine-induced psychosis. It
could also help identify individuals at higher risk of psychosis
among methamphetamine users, guide early intervention
strategies, and contribute to the development of targeted

diagnostic markers and treatment approaches.

MATERIALS AND METHODS

Sample

The study sample consisted of 24 inpatients diagnosed with
MUD, 20 patients diagnosed with MIP, and 24 healthy controls
who met the inclusion/exclusion criteria and were admitted
to Gaziantep University Faculty of Medicine, Department
of Mental Health and Diseases between June 1, 2022, and
September 30, 2022. Ethical approval for the study was granted
by the Gaziantep University Ethics Committee (Decision
number: 2022/180, Date: May 25, 2022). In our sample, the
MUD and MIP groups consisted of patients receiving treatment
(our patients were receiving different polypharmacies, including
haloperidol, quetiapine, olanzapine, mirtazapine, and diazepam).
All patients had started taking MA at least three months before
the study. The participants’ last MA use was 24 hours before

hospitalisation.

All individuals in the groups were assessed by two psychiatrists.
The study was carried out in compliance with the ethical
standards of the 2013 revision of the Declaration of Helsinki.
After receiving a detailed explanation of the study procedures,

written informed consent was secured from each participant.

The inclusion criteria for the patient group were determined as
patients between the ages of 18 and 65, continuing psychiatry
outpatient clinic follow-up with the diagnosis of MUD, MIP
according to DSM-5 diagnostic criteria, not pregnant, without
a history of comorbid medical illness, voluntarily agreeing
to participate in the study, and only methamphetamine was

detected in the urine toxic screening test.

Exclusion criteria for the patient group were as follows: being
younger than 18 years of age, being older than 65 years of
age, no methamphetamine positivity as a result of urine toxic
screening test, being pregnant, having a history of comorbid

medical illness, and not wanting to participate in the study.

The inclusion criteria for the control group were to be between

18 and 65 years of age, to have no history of psychiatric or
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comorbid medical illness, to have no history of alcohol and/or

substance abuse, and not to be pregnant.

Exclusion criteria for the control group were as follows:
individuals younger than 18 or older than 65 years of age, being
pregnant, having a history of alcohol and/or substance abuse,
having a history of comorbid medical illness, and not wanting to

participate in the study.

Assessment Tools

Sociodemographic data form: Clinical data such as gender,
age, history of additional medical diseases, smoking,
alcohol use, height, weight, body mass index (BMI), marital
status, educational level, employment status, duration of
methamphetamine use, recent daily methamphetamine use and

family history of substance use disorder were noted.

BAPI-Short Form: It is a scale developed by Basabak et al. (2015)
[21]. This scale was used to assess the severity of addiction and
to measure other dimensions. There are 22 items in total and it
is scored between 0 and 2 using a three-point Likert scale. This
scale was shortened from the Addiction Profile Index (API). It
includes two main factors: The first factor includes diagnostic
criteria for addiction and craving, while the second factor
assesses life impact and motivation. The diagnostic criteria for
addiction questions consist of 4 items (items 12, 13, 14, 15);
severe craving | item (item 21); effects on life 5 items (items
16, 17, 18, 19, 20) and motivation 1 item (item 22). Substance
use characteristics questions consist of the first 11 questions and
indicate which substance is used and the frequency of use. In the
addiction diagnostic criteria subtest, the addiction diagnostic
criteria in DSM and ICD are included. While severe craving
expresses intense desire for substance use, the motivation
subtest evaluates the individual’s motivation to quit substance
use. In the effects on life subtest, the effects of substance use
on the individual’s family, friendship relations, education, work
and economic status are addressed.

PANSS: This semi-structured instrument, developed by Kay
and colleagues in 1987, comprises 30 items and is designed
to assess positive and negative symptoms as well as general
psychopathology [22]. Each item is scored from 1 (mildest)
to 7 (most severe), representing the severity of the symptom.
Kostakoglu and colleagues conducted the Turkish adaptation of
the scale in 1999 [23].
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Laboratory Measurements

After fasting for 12 hours (without smoking), 5 mL of blood
was collected from the forearm antecubital region of the
patient and control group into an anticoagulant-free tube.
Blood samples obtained for the study were kept at room
temperature for 20 minutes and then centrifuged at 4000 rpm
for 10 minutes to separate and collect the serum. The separated
serum was collected in Eppendorf tubes and stored at -80 °C.
Serum samples were brought to room temperature for the study.
Claudin-5 (FineTest, Cat. No: EH2839, China) levels in the
samples were measured by the Enzyme Linked Immunosorbent
Assay (ELISA) method using a commercial kit. This kit is based
on the sandwich ELISA principle.

Statistical Evaluation

Data were analysed with IBM SPSS V23 and IBM AMOS
V24. The assumption of normality was evaluated using the
Shapiro—Wilk and Kolmogorov—Smirnov tests. Categorical
variables were compared across groups using the chi-square
test, with Yates’ correction or Fisher’s exact test applied when
appropriate. Comparisons between groups were performed using
independent ¢ tests for normally distributed variables, while
the Mann—Whitney U test was applied to variables that did not
follow a normal distribution. For comparisons including three or
more groups, variables with a normal distribution were analyzed
using one-way ANOVA with subsequent Bonferroni post hoc
tests, while variables that did not meet normality assumptions
were examined using the Kruskal-Wallis test followed by
Dunn’s post hoc analyses. Associations between continuous
variables with non-normal distributions were assessed using

Spearman’s rank correlation coefficient.

RESULTS

In the present study, comparisons across the MUD, MIP, and
control groups revealed no statistically significant differences
with respect to gender distribution, marital and educational
status, occupational status, body mass index, or smoking
behavior. In addition, no statistically significant difference was
found between the MUD, MIP and control groups in terms of
age (p>0.05 for each group). Sociodemographic data of MUD,

MIP, and control groups are given in Table 1.

The mean ages of the groups were found as MIP > control group
>MUD.

Demir B, et al.

A significant difference was found in BAPI and PANSS scores
between the MUD and MIP groups (p < 0.050). The results of

the administered assessment scales are presented in Table 2.

Table 2. The comparison of API, and PANSS scales of
methamphetamine use disorder, Methamphetamine-Induced

Psychosis, and control group

Scale MUDs MIP Control P
(n=24) (n=20) (n=24) value

APIS 34 (30 -42) 39 (35-43) 0(0-0) <0.001

PANSS 30 (30-30) | 43(33-56) 30 (30-30) | <0.001

The data are expressed as median (25-75th percentile), p<0.050 was
considered significant. Kruskall Wallis H Test; There are no differences
between the groups with the same letter. API: Addiction Profile Index,
PANSS: Positive and Negative Syndrome Scale

Inaddition, serum claudin-5 concentrations differed significantly
among the MUD, MIP, and control groups (p < 0.001).

The claudin-5 median values of the groups are given in Table
3. The claudin-5 levels were statistically significantly different
between the MUD and MIP group (p=0.029) and between the
MIP and control group (p<0.001). There was no statistically
significant difference between the MUD and the control group

(p=0.5).

The differences in claudin-5 levels among the MUD, MIP, and
control groups are presented in Table 3 and illustrated in Figure
1.

Correlation analysis revealed no significant relationship between
PANSS and claudin-5 in the MIP group (p=0.479 r=0.168).

Correlation analysis demonstrated a statistically significant,
moderate inverse association between claudin-5 concentrations
and daily substance use within the MUD group (r = —0.535, p =
0.007) (Table 4).

ROC curve analysis was used to test the patient discrimination
level of claudin-5 (AUC:0.720) value (Figure 2).

413



European Journal of Therapeutics (2026) Demir B, et al.

Table 1. The sociodemographic data of methamphetamine use disorder, Methamphetamine-Induced Psychosis, and control groups

Participant Characteristics MUDs (%) MIP n(%) Control n(%) Test Statistics P
Gender
Female 2 (8.3) 2 (10) 2 (8.3)
0.049 0.976
Male 22 (91.7) 18 (90) 22 (91.7)
Educational status
Primary school 8(33.3) 7 (35) 9 (37.5)
0.146 0.998
Middle school 8(33.3) 7 (35) 8(33.3)
High school 8(33.3) 6 (30) 7(29.2)
Marital status
Married 11 (45.8) 5(25) 9 (37.5)
Single 8(33.3) 7 (35) 9 (37.5) 2.902 0.574
Divorced 5(20.8) 8 (40) 6 (25)
Working status
Working 7(29.2) 5(25) 8(33.3)
0.366 0.833
Not working 17 (70.8) 15 (75) 16 (66.7)
Alcohol use
Yes 1(4.2) 6 (30) 0(0)
12.140 0.002
No 23(95.8) 14 (70) 24 (100)
Smoking status
Yes 22 (91.7) 19 (95) 19 (79.2)
3.055 0.217
No 2 (8.3) 1(5) 5(20.8)
Family history
Yes 10 (41.7) 12 (60) 3(12.5)
10.971 0.004
No 14 (58.3) 8 (40) 21 (87.5)
Age 26 (19 - 36) 28 (20 - 49) 27 (23 -32) 1.774 0.412
BMI 20 (15.9-24.9) 20.1 (17.6 - 24.7) 21.2(17.5-24.9) 1.941 0.379

The data are expressed as median (25-75th percentile), p<0.050 was considered significant. BMI: Body Mass Index, Pearson’s Chi-Square Test;
n(%), Mann-Whitney U Test; Independent T-Test

Table 3. The comparison of Claudin-5 in methamphetamine use disorder, Methamphetamine-Induced Psychosis, and control group

MUD MIP Control
. p
Biomarker Median Median Median value
(%25-%75) (%25-%75) (%25-%75)
3.89 5.54 2.86
Claudin-5 <0.001
audin (2.17-7.73) (3.07 - 13.37) (2.38 - 6.24)

p<0.05 was considered statistically significant.(Note: p value is the result of comparison of median values.) sd: standard deviation
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Figure 1. The Box-Plot Graph comparing Claudin-5 values in
Methamphetamine Use Disorder, Methamphetamine Induced
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Figure 2. The ROC curve analysis result to test the patient

discrimination level of Claudin-5 values

Table 4. The relationship between Claudin-5 and the variables

Claudin-5
Methamphetamine Use Parameters =

r
Total methamphetamine use duration/year -0.099 0.644
Latest daily usage amount/gram -0.535 0.007
API -0.342 0.102

r: Spearman’s Rho Coefficient

Demir B, et al.

DISCUSSION

To our knowledge, this research is the first to examine the
association between blood—brain barrier permeability and
addiction characteristics in methamphetamine users, as
well as the first to assess claudin-5 levels in individuals with
methamphetamine-induced psychosis and compare them with
those of methamphetamine use disorder and healthy control

groups.

Evidence from both in vitro and in vivo research indicates
that methamphetamine leads to a reduction in blood—brain
barrier structural proteins while simultaneously enhancing
barrier permeability to multiple substances [24]. Preclinical
investigations have further shown elevated levels of neurotoxic
compounds in the brains of methamphetamine users [10]. In
animal models, a single high-dose exposure to methamphetamine
was associated with decreased expression of key tight junction
proteins—occludin, claudin-5, and zonula occludens—within
24 hours of administration [25]. Previous experimental studies
have reported that methamphetamine exposure reduces the
expression of tight junction proteins such as claudin-5 and
occludin, thereby increasing blood—brain barrier permeability.
However, in contrast to these findings, we observed higher
claudin-5 levels in the MIP group. Several mechanisms may
explain this discrepancy. First, increased claudin-5 levels may
reflect a compensatory response to BBB disruption induced
by chronic methamphetamine exposure, as endothelial cells
may upregulate tight junction proteins in an attempt to restore
barrier integrity. Second, psychotropic medications may
have influenced our results, since some studies suggest that
antipsychotic treatment can modulate tight junction protein
expression and potentially increase claudin-5 levels. Finally,
differences between preclinical models and clinical populations
should be considered. Most experimental studies investigate
acute or high-dose methamphetamine exposure in animals,
whereas our sample consisted of individuals with chronic
MA use and clinically manifest psychosis. These differences
in exposure patterns and disease stages may lead to distinct

biological responses of BBB-related proteins.

Claudin-5 is highly expressed in cerebrovascular endothelial
cells and facilitates intercellular connections that are vital for
the closure of intercellular clefts [26]. Loss or specific removal
of Claudin-5 from the cell membrane affects the integrity of the
BBB [27]. Loss of Claudin-5 alone has been shown to be sufficient
to cause functional changes in the BBB [28]. Disruptions in
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blood—brain barrier permeability allow inflammatory mediators
to activate microglia, which in turn can cause localized injury
to oligodendrocytes and the myelin sheath. As a result, myelin
formation is impaired and the structural integrity of neural
networks is adversely affected [29]. When there is a problem
with Claudin-5, the brain becomes more vulnerable to harmful
environmental factors. Claudin-5 levels were evaluated in

psychiatric disorders and different results were found [30,31].

In a study with 24 Obsessive Compulsive Disorder (OCD)
patients and 24 healthy controls, serum claudin-5 levels were
measured and it was observed that claudin-5 levels of the
patients were significantly higher. The researchers proposed that
abnormalities in blood—brain barrier regulation, particularly
involving claudin-5, could contribute to the pathophysiology of
obsessive—compulsive disorder [15]. In a separate investigation,
claudin-5 levels were compared between patients experiencing
a manic episode of Bipolar I disorder and those in remission,
with no statistically meaningful difference observed [17]. Serum
claudin-5 concentrations were markedly elevated in individuals
with bipolar disorder compared with healthy control subjects.
As a result of this study, it was thought that the BBB may be
impaired in bipolar disorder [17]. Patel and Frey additionally
put forward a model suggesting that compromised blood—brain
barrier integrity in individuals with bipolar disorder leads to
reduced protective function, thereby allowing greater passage
of inflammatory substances from the peripheral circulation
into the brain [29]. Research findings on claudin-5 expression
in schizophrenia suggest that disturbances in the blood-brain
barrier may potentially affect the development of schizophrenia.
Serum claudin-5 concentrations were significantly reduced in
individuals with schizophrenia compared with healthy controls,
suggesting that alterations in the claudin-5 gene may contribute

to the observed decrease in circulating claudin-5 levels [32].

A recent investigation reported reduced claudin-5 protein
expression in the frontal cortex of post-mortem brain samples
obtained from individuals diagnosed with schizophrenia [33].
Although a weak genetic relationship was found in studies
investigating the genetic relationship between claudin-5 and
schizophrenia development, consistent results could not be
obtained by showing this relationship in anthropologically
different races. Beyond research on schizophrenia, several
studies have also explored the association between Autism
Spectrum Disorder (ASD) and claudin-5. In one such study,
Fiorentino and colleagues reported elevated claudin-5 protein
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levels in the cortical and cerebellar regions of individuals with
ASD [34]. In studies examining the effects of MA use on the
BBB, it was reported that the expression levels of claudin-5,
occludin, and zonulin decreased, which in turn had effects on
BBB function [26]. In the present study, elevated claudin-5
levels were observed in the MIP group. Participants in the MIP
and MUD groups were receiving antidepressant, antipsychotic
and benzodiazepine group drug treatment. Multiple studies have
demonstrated that treatment with antipsychotic medications is
linked to elevated claudin-5 levels [33]. Further studies on drug-
free cases will allow the exclusion of inconsistent data obtained
in this regard. In addition, although a weak genetic relationship
was found in studies investigating the genetic relationship
this

relationship was not replicated in the Japanese population [13].

between claudin-5 and schizophrenia development,

This study suggests that different results may be obtained at the
Claudin-5 level in different races. The results of our study may
also be related to this. Further studies with larger participation
are needed to evaluate the potential role of Claudin-5 in the
etiology of MUD and MIP.

In line with the results of our study, it can be considered
that BBB permeability is increased in MIP compared to
patients with MUD. Since there is uncertainty between MA
psychosis and primary psychoses in terms of etiopathogenesis,
phenomenology is a matter of debate. The observation that
serum claudin-5 concentrations are significantly reduced in
patients with schizophrenia compared with healthy controls
[32], alongside our finding of significantly increased claudin-5
levels in individuals with methamphetamine-induced psychosis,
suggests distinct etiopathogenic mechanisms underlying MA-
related psychosis and primary psychotic disorders, indicating
that these conditions represent different forms of psychosis. In
this respect, it is valuable to have an idea about both similarities
and differences between MA psychosis and schizophrenia. The
development of specific diagnostic markers for MA psychosis
will also help improve treatment options for individuals with
long-term MA psychosis and identify common biological

markers that contribute to a persistent vulnerability to psychosis.

Limitations

Several limitations should be taken into consideration when
interpreting our findings. Our knowledge between serum and
CSF claudin-5 levels is limited. The small sample size may not
represent the whole population. In addition, the cross-sectional

nature of the study is also an important limitation. In addition,
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our sample consists of patients undergoing treatment. Drug
treatments may have affected claudin-5 results [30]. Therefore,
the potential influence of ongoing pharmacotherapy on serum
claudin-5 levels should be considered when interpreting our
results. Future studies including drug-free participants will help
clarify whether changes in claudin-5 levels are primarily related
to methamphetamine-induced psychosis or modulated by
pharmacological treatment. Furthermore, we could not control
for economic status, eating habits and other psychosocial factors
that may be associated with serum claudin-5. Limitations
include the fact that individual differences affecting intestinal

permeability were not evaluated.

CONCLUSION

Regardless of the limitations of the study, it provides important
information and suggestions with its results. Impairment of
blood—brain barrier regulation, particularly involving claudin-5,
may contribute to the development of methamphetamine use
disorder and methamphetamine-induced psychosis. Moreover,
the underlying pathogenic mechanisms of MIP may differ from
those of organic psychotic disorders. Prospectively designed
and more comprehensive studies are required to clarify
whether elevated claudin-5 levels represent a causal factor or a
downstream effect of the pathological processes in MA-related
disorders.
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ABSTRACT

Objective: Estrogen receptor—positive (ER+) breast and endometrial cancers are
driven by estrogen-responsive transcriptional networks involving estrogen receptor 1
(ESR1) and regulatory long non-coding RNAs. We investigated the dose-dependent
effects of silibinin on cell behavior and ESR1/long intergenic non-coding RNA 00511
(LINCO00511) expression in ER+ cancer cell models.

Methods: MCF-7 breast cancer cells and Ishikawa endometrial cancer cells were
exposed to graded concentrations of silibinin. Cell viability was assessed by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, wound
closure by scratch (wound-healing) assay, and apoptosis by Annexin V/propidium
iodide (PI) staining. ESR1 and LINCO00511 transcript levels were quantified using
reverse transcription quantitative polymerase chain reaction (RT-qPCR). Half-maximal
inhibitory concentration (IC50) values were calculated from viability data.

Results: Lower silibinin concentrations increased cell viability and wound closure
and were accompanied by higher ESR1 and LINCO00511 expression. In contrast, higher
concentrations suppressed ESR1 and LINC00511, reduced wound closure, and increased
apoptosis. The IC50 values were 193 pM for MCF-7 cells and 263 uM for Ishikawa cells.
Conclusion: Silibinin elicited a biphasic, dose-dependent response in ER-positive
breast and endometrial cancer cells. These findings suggest that the biological effects of

silibinin in ER-positive tumor models should be interpreted in a dose-dependent context.

Keywords: breast cancer, endometrial cancer, estrogen receptor 1, long intergenic non-
coding RNA 00511, silibinin, phytoestrogen
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INTRODUCTION

Breast and endometrial cancers frequently arise within
hormone-regulated tissue contexts, and a large fraction of cases
are driven by estrogen signaling [1-9]. Estrogens influence
cellular programs by binding estrogen receptors (ERs), which
then act as transcription factors and reconfigure gene expression

to regulate proliferation, survival, and differentiation [3,10].

ESR1 encodes estrogen receptor alpha (ERa) and is a key
determinant of estrogen responsiveness in ER+ breast and
endometrial tumors [4,5,11]. Disruption of ESR1 signaling has
been linked to metastatic behavior and resistance to endocrine
therapies in hormone-dependent cancers [5,12]. In parallel with
protein-coding gene regulation, ER pathways interact with long
non-coding RNAs (IncRNAs), which can shape transcriptional
output and oncogenic phenotypes [13-16].

Long intergenic non-coding RNA 00511 (LINCO00511) is a 2.265
kb IncRNA located at 17q24.3 that has been reported to promote
tumor-related traits in multiple malignancies [17,18,20-22]. Prior
studies suggest that LINC00511 may intersect with ESR1-linked
networks and contribute to tumor progression and therapy-

related responses [17-18].

Phytoestrogens are plant-derived polyphenols that can modulate
estrogen signaling because of structural and functional
similarities to endogenous estrogens [23-27]. Silibinin, the
major component of silymarin from Silybum marianum, has
been investigated for anti-tumor activities across several models
while also showing estrogen-like effects under some conditions
[28,29].

Main Points

e Silibinin exhibited a biphasic, dose-dependent
response in estrogen receptor—positive breast and
endometrial cancer cell models.

o At low doses, silibinin showed estrogen-like effects,
with increased ESR1 and LINCO00511 expression and
enhanced proliferative/migratory behavior.

e At higher doses,
proliferative and pro-apoptotic activity, accompanied
by reduced ESR1 and LINC00511 expression.

e These findings emphasize the importance of dose-

silibinin shifted toward anti-

aware interpretation when studying phytoestrogen

exposure in hormone-responsive cancers.

Calis TU, Sakalli Cetin E.

Because such dual behavior can complicate interpretation in
ER+ settings, we examined concentration-dependent effects of
silibinin in MCF-7 and Ishikawa cells, focusing on viability,

migration, apoptosis, and expression of ESR1 and LINC00511.

MATERIALS AND METHODS

Culturing of Cells

MCEF-7 breast cancer cells (ECACC 86012803) and Ishikawa
endometrial cancer cells (ECACC 99040201) were cultured in
Dulbecco’s Modified Eagle Medium (DMEM; Sigma-Aldrich,
St. Louis, MO, USA; D6429) supplemented with 10% fetal
bovine serum (Sigma-Aldrich, St. Louis, MO, USA; F7524), 4
mM L-glutamine (Euroclone S.p.A., Pero, Italy; ECB3004D),
and standard antibiotics as used routinely. Cells were maintained
at 37°C in a humidified atmosphere of 5% CO- and passaged in
25 cm? or 75 cm? flasks.

MTT Cytotoxicity Test

The cytotoxic and proliferative effects of silibinin were evaluated
using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) viability assay. Cells were seeded into 96-
well plates at a density of 5 % 10° cells per well in 200 pL of
culture medium and incubated for 24 h to allow cell attachment.
The cells were then treated with increasing concentrations of
silibinin for an additional 24 h. After treatment, MTT reagent
(Sigma-Aldrich, St. Louis, MO, USA; M5655; 20 uL per well)
was added and the plates were incubated for 3 h at 37°C. The
supernatants were carefully removed, and the resulting formazan
crystals were dissolved in 100 pL dimethyl sulfoxide (DMSO).
Absorbance was measured at 540 nm using a microplate reader
(SpectraMax 13; Molecular Devices, San Jose, CA, USA).
IC50 values were determined by log-linear interpolation of
the dose—response data. Based on the viability profiles, 6 uM
was selected as the low-dose condition because it produced the
highest viability, whereas 100 pM was selected as the high-
dose condition because it reduced viability to approximately
70% while preserving sufficient viable cells for downstream
functional and molecular assays. MTT experiments were
performed in triplicate wells per condition in each independent

experiment.

Total RNA isolation

For RNA-based assays, cells were harvested after treatment by
trypsinization and reseeded into 6-well plates at 5x10° cells/
well. Total RNA was isolated using a commercial kit (Hybrid-R;
GeneAll Biotechnology Co., Ltd., Seoul, South Korea) according
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to the manufacturer’s protocol. In brief, cells were lysed with
RiboEx (GeneAll Biotechnology Co., Ltd., Seoul, South Korea),
phase-separated with chloroform, and the aqueous phase was
loaded onto spin columns. Columns were washed sequentially
with SW1 and RNW buffers and RNA was eluted in 100 pL
RNase-free water. RNA concentration and purity were assessed
with a Nanodrop-compatible spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA; Multiskan GO). Purified RNA
was stored at —80°C until use.

RT-qPCR

Reverse transcription quantitative polymerase chain reaction
(RT-gqPCR) was performed to quantify ESR1 and LINC00511
transcript levels. Total RNA was reverse-transcribed to cDNA,
and qPCR was carried out using primer—probe assays for
ESR1 (QIAGEN, Hilden, Germany), LINC00511 (QIAGEN,
Hilden, Germany), and GAPDH (QIAGEN, Hilden, Germany).
Reactions (25 pl) contained ¢cDNA template, 2x master
mix (Ampligon A/S, Odense, Denmark; RealQ Plus Master
Mix, A313402), assay reagents, and nuclease-free water.
Amplification was performed on a CFX96 Touch real-time PCR
system (Bio-Rad Laboratories, Hercules, CA, USA) under the
following conditions: initial enzyme activation at 95°C for 15
min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min.
GAPDH was used as the internal reference gene, and untreated
samples served as the calibrator. Relative expression levels were
calculated using the 2"AACt method [30]. RT-qPCR analyses
were performed in three independent biological replicates, and

each sample was analyzed in technical triplicate.

Wound-healing

Cell motility was evaluated using a wound-healing assay. MCF-
7 and Ishikawa cells were seeded in 6-well plates at 5x10° cells
per well and allowed to reach a near-confluent monolayer.
A linear scratch was created using a sterile pipette tip, and
detached cells were removed by washing with phosphate-
buffered saline (PBS). Images were captured at 0 h using an
inverted microscope (Leica DMI3000 B; Leica Microsystems,
Wetzlar, Germany). Cells were then treated with silibinin, and
wound areas were re-imaged after 24 h. Wound closure was
quantified using ImageJ and expressed as the percentage of gap
closure relative to baseline. The assay was performed in three
independent experiments. Because wound closure over 24 h
may reflect both migration and proliferation-related effects, the
results were interpreted as a wound-closure readout rather than

a migration-specific endpoint.
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Annexin V assay

Apoptosis  was determined by Annexin V-fluorescein
isothiocyanate (FITC)/propidium iodide (PI) staining followed
by flow cytometry. Cells were seeded in 6-well plates (5x10° cells/
well) and treated for 24 h. After collection, cells were centrifuged
(1000 rpm, 5 min) and washed twice with phosphate-buffered
saline (PBS; Becton, Dickinson and Company, Franklin Lakes,
NJ, USA). The pellet was resuspended in 1x binding buffer
(Becton, Dickinson and Company, Franklin Lakes, NJ, USA) to
1x10¢ cells/mL. 100 pL of suspension was stained with Annexin
V-FITC (BD Pharmingen, Becton, Dickinson and Company,
Franklin Lakes, NJ, USA; 556547; 5 uL) and PI (5 puL) for 15 min
at room temperature in the dark, diluted with 400 pL binding
buffer, and analyzed on a BD FACSCanto II cytometer (Becton,
Dickinson and Company, Franklin Lakes, NJ, USA). Apoptosis

assays were performed in three independent biological replicates.

Statistical Analysis

Data are presented as mean + standard deviation (SD). For
comparisons among multiple groups, one-way analysis of
variance (ANOVA) followed by Tukey’s post-hoc test was used.
Normality and homogeneity of variance were assessed using the
Shapiro—Wilk and Levene’s tests, respectively. A two-sided p
< 0.05 was considered statistically significant. Analyses were
performed using IBM SPSS Statistics v26 (IBM Corp., Armonk,
NY, USA).

RESULTS

Effects of Silibinin on Cell Viability and IC50 Values

Cell viability following 24 h of silibinin treatment was evaluated
by the MTT assay over a broad concentration range (1.5, 3, 6,
12.5, 25, 50, 100, 200, and 400 uM). Silibinin exposure resulted
in a concentration-dependent decrease in cell viability relative
to the control, with progressively stronger inhibitory effects at
higher doses. The 24-h half-maximal inhibitory concentration
(IC50) was calculated as 193 uM for MCF-7 cells and 263 pM
for Ishikawa cells. Among the tested concentrations, 6 uM
produced the highest viability and was therefore selected as
the low-dose condition for subsequent analyses. In contrast,
100 pM, which reduced viability to approximately 70%, was
chosen as the high-dose condition, as it provided a biologically
relevant level of growth inhibition while maintaining sufficient
viable cells for reliable functional and molecular assays and

minimizing nonspecific cytotoxic effects.
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Effects of Silibinin on ESR1 and LINC00511 Expression
Changes in ESR1 and LINCO00511 expression in MCF-7 and
Ishikawa cells were quantified by RT-qPCR following 24 h
exposure to silibinin. Relative transcript levels were calculated
using the 244 method, with GAPDH serving as the internal
reference gene and untreated cells used as the calibrator (control
= 1). Cells were treated with 6 pM or 100 uM silibinin, and
expression changes were reported as fold change relative to
the control condition. Overall, silibinin elicited a clear dose-
dependent response in both ER+ models, characterized by
increased expression at the lower concentration and marked
suppression at the higher concentration for both ESR1 and
LINCO00511 (Table 1).

Effects of Silibinin on Wound Closure

In MCF-7 cells, wound closure differed significantly among
groups (p<0.001). Gap closure was reduced in the 100 uM group
(5.9260 + 4.8814) compared with the control (37.7647 + 5.3902)
(p<0.001), while the 6 uM group showed greater closure (42.0007
+ 4.1244) than the 100 pM condition (p<0.001) (Figure 1). In
Ishikawa cells, group differences were also observed (p<0.010).
Closure decreased at 100 uM (7.0917 + 2.10389) versus control
(28.0747 + 5.28742) (p<0.010), and the 6 uM group exhibited
higher closure than the 100 uM group (19.4467 + 4.20582 vs
7.0917 + 2.10389; p<0.010) (Figure 1).

Effects of Silibinin on Apoptosis

Apoptosis rates differed significantly among MCF-7 groups
(p<0.010). The 100 pM condition increased apoptosis (5.1333 +
1.05040) relative to control (0.6267 + 0.3951) (p<0.010), whereas
the 6 uM condition showed lower apoptosis than the 100 pM
group (1.8133 £ 0.5608 vs 5.1333 £ 1.05040; p<0.010) (Figure
2). In Ishikawa cells, apoptosis increased at 100 uM compared
with control (5.5333 £+ 0.9074 vs 1.0333 + 0.6429; p<0.001) and
decreased at 6 uM compared with 100 pM (1.8334 + 0.2517 vs
5.5333 + 0.9074; p<0.010) (Figure 2).
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DISCUSSION

The present study demonstrates that silibinin exerts a biphasic,
concentration-dependent effect in ER-positive breast and
endometrial cancer cells. Low-dose exposure was associated
with increased viability, greater wound closure, and higher ESR1
and LINCO00511 expression, whereas high-dose exposure was
associated with reduced wound closure, increased apoptosis,
and lower transcript levels. These findings suggest that silibinin
may differentially influence cellular behavior depending on

concentration in hormone-responsive cancer models.

Estrogen signaling is a central determinant of cellular behavior in
many breast and endometrial tumors, and ESR1 plays a key role
in coordinating estrogen-responsive transcriptional programs
[3-5,8-11]. In parallel, LINC00511 has been implicated in tumor
progression, proliferation, and therapy-related responses in
several malignancies [17-21]. In this context, the concurrent
modulation of ESR1 and LINC00511 observed in the present
study may reflect concentration-dependent interactions between
silibinin exposure and estrogen-responsive transcriptional

networks.

The biphasic pattern observed here may be interpreted in
light of the phytoestrogen-like properties of silibinin. At
lower concentrations, silibinin may support partial estrogen-
responsive or pro-survival signaling in ER-positive cells,
whereas at higher concentrations it may shift the cellular
response toward anti-proliferative and pro-apoptotic effects.
This interpretation is broadly consistent with prior studies
reporting context-dependent estrogen receptor-related effects
of silibinin and other phytoestrogenic compounds [24,33-35].
However, because the present study did not directly assess
receptor binding, downstream protein targets, or pathway

activation, these interpretations should remain cautious.

Previous studies have also linked silibinin to signaling pathways

involved in migration, invasion, and apoptosis, including

Table 1. Relative ESR1 and LINC00511 expression after silibinin treatment.

MCF-7 6pM MCF-7 100pM Ishikawa 6pM Ishikawa 100pM
ESR1 6.553 = 0.838 0.195 = 0.022 2.857 = 0.116 0.132 = 0.011
LINCO00511 4.167 = 0.504 0.202 = 0.013 2.333 = 0.360 0.192 + 0.031

Fold-change (mean + SD) of ESR1 and LINC00511 mRNA levels in MCF-7 and Ishikawa cells treated with silibinin (6 or 100 uM)
for 24 h. Expression was normalized to GAPDH and calculated using the 24 method, with untreated controls set to 1.

423



European Journal of Therapeutics (2026)

Calis TU, Sakalli Cetin E.

50 1

Gap Closure Percentage in MCF-7 and Ishikawa Cells

ns

o ]

30 1

Gap Closure (%)

10

shokok

ns

[ MCF-7 Cells
[ Ishikawa Cells

sk

Control

MCF-7 100

MCEF-7 Cells

MCF-7 6

Control

Ishikawa 100

Ishikawa Cells

Ishikawa 6

Figure 1. Effect of silibinin on wound closure in MCF-7 and Ishikawa cells assessed by wound-healing assay. Cells were treated
with silibinin at 6 uM (low dose) or 100 uM (high dose) for 24 h, and wound closure was quantified as the percentage of gap closure
relative to the initial wound area. Untreated cells served as controls. Data are presented as mean + SD from three independent
experiments. Statistical significance is indicated as **p < 0.01, ***p < 0.001; ns, not significant.
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Figure 2. Apoptosis rates in MCF-7 and Ishikawa cells after silibinin treatment.
Cells were treated with silibinin at 6 pM (low dose) or 100 uM (high dose) for 24 h and stained with Annexin V-FITC and propidium
iodide (PI), followed by flow-cytometric analysis. The percentage of apoptotic cells is shown for each condition and compared with

untreated control groups. Data are presented as mean + SD from three independent experiments. Statistical significance is indicated
as **p < 0.01 and ***p < 0.001.
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MAPK-associated transcriptional regulation, MMP modulation,
and apoptosis-related responses in breast cancer models [31,32].
These reports are consistent with our observation that the higher
silibinin concentration was associated with reduced wound
closure and increased apoptotic fractions. Nevertheless, the
present findings should be interpreted as transcript-level and

phenotypic associations rather than direct mechanistic proof.

Future studies should investigate ER dependence more directly,
for example through receptor antagonism, ESR1 knockdown,
or broader pathway-level analyses. It will also be important to
determine whether changes in LINC00511 function as upstream
drivers of the observed phenotype or represent downstream

markers of altered estrogen-responsive signaling.

Limitations

This study has several limitations. First, the findings are based
exclusively on in vitro experiments performed in two ER-positive
cancer cell lines and a single treatment duration. Second, ESR1
and LINCO00511 were evaluated primarily at the mRNA level,
and no protein-level validation was performed. Therefore, the
observed transcriptional changes cannot be assumed to directly
correspond to protein abundance or downstream functional
signaling. Third, the wound-healing assay used in the present
design cannot fully distinguish migration-related effects from
treatment-associated changes in proliferation. Additional studies
incorporating time-course analyses, protein-level validation,
mechanistic perturbation experiments, and validation in
additional ER-positive models will be necessary to confirm the

biological and translational relevance of these findings.

CONCLUSION

In conclusion, the present findings provide in vitro evidence
that silibinin exerts dose-dependent effects on viability, wound
closure, apoptosis, and the expression of ESR1 and LINC00511
in ER-positive breast and endometrial cancer cell models. Low-
dose exposure was associated with a more growth-supportive
phenotype, whereas higher-dose exposure was associated with
growth-inhibitory and pro-apoptotic effects. These results
highlight the importance of careful dose selection when
evaluating silibinin and other phytoestrogenic compounds
further

mechanistic and protein-level studies are required to clarify the

in hormone-responsive tumor models. However,

biological significance of these observations.
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ABSTRACT

Objective: Autism spectrum disorder (ASD) is a neurodevelopmental condition with
onset in early childhood, for which early identification and timely intervention are
critical determinants of developmental outcomes. Health care professionals’ recognition
of early ASD manifestations plays a central role in facilitating prompt diagnosis. This
study aimed to assess ASD-related knowledge among health care professionals working
at Gaziantep City Hospital and to examine sociodemographic and professional factors
associated with knowledge levels.

Methods: This cross-sectional study included health care professionals employed at
Gaziantep City Hospital, comprising physicians, nurses, midwives, pharmacists,
medical secretaries, and health technicians. Data were collected using an online
questionnaire administered via Google Forms. ASD-related knowledge was evaluated
using the Knowledge about Childhood Autism among Health Workers Questionnaire
(KCAHW), while sociodemographic and professional characteristics were obtained
through structured survey items.

Results: A total of 392 health care professionals participated in the study, yielding a
mean total KCAHW score of 12.73 + 3.50. Knowledge scores differed significantly across
professional groups, with physicians and clinical health professionals, including nurses,
midwives, and pharmacists, demonstrating higher knowledge levels than auxiliary
health personnel (p = 0.012). Participants who had received ASD-related training
achieved significantly higher knowledge scores than those without prior training (p <
0.001). In addition, health care professionals with 6—10 years of professional experience
scored significantly higher than those with 0—5 years of experience (p = 0.027).
Conclusion: Overall, knowledge of childhood autism among health care professionals
was at a moderate level. Although clinical health professionals demonstrated higher
knowledge levels than auxiliary staff, no significant differences were observed among
physicians, nurses, and midwives. Prior ASD-related training and clinical exposure were
associated with higher knowledge levels, highlighting the need to strengthen and sustain
ASD-focused education during both undergraduate training and in-service professional
development for all health care professionals.

Keywords: autism spectrum disorder, health care professionals, knowledge, awareness
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INTRODUCTION

Autism spectrum disorder (ASD) is

neurodevelopmental disorder with onset in early childhood,

a heterogeneous

characterized by persistent deficits in social communication
and interaction, along with restricted and repetitive patterns
of behavior and interests [1]. Although clinical signs may be
detectable within the first year of life in some individuals,
diagnosis is frequently delayed to later ages depending on
symptom severity and the degree of developmental delay [2,3].
This delay in diagnosis is a global issue, including in Tiirkiye

[4].

Over recent decades, a substantial increase in the reported
prevalence of ASD has been observed worldwide. Whereas
prevalence estimates in the 1970s were approximately 0.04%,
current estimates range from 1-2%, largely attributable to
increased awareness and improved recognition [5]. In the United
States, ASD is diagnosed in approximately one in every 44—68
children and occurs 3—4 times more frequently in boys than
in girls [6]. More recently, a study published in 2025 reported
a prevalence of 32.2 per 1,000 among 8-year-old children,
corresponding to approximately one in every 31 children

Main Points

e The knowledge levels of healthcare professionals
regarding childhood autism spectrum disorder (ASD)
were generally at a moderate level, and professional
experience alone did not appear to independently

increase knowledge levels.

e Having previously received ASD-related training
and having referred suspected ASD cases in clinical
practice emerged as the most important factors

significantly associated with higher knowledge levels.

and midwives
of ASD-related
knowledge compared to other healthcare personnel,

e Although physicians, nurses,

demonstrated  higher levels
no statistically significant differences were identified

among these professional groups.

e The findings highlight the critical importance of
implementing standardized, continuous, and ASD-
focused in-service training programs for healthcare
professionals, particularly in primary healthcare
settings, to strengthen early diagnosis and referral

processes.
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[7]. This apparent rise in prevalence is widely attributed to
the broadening of diagnostic criteria, heightened public and
professional awareness, and improved access to health care

services [8].

Early diagnosis of ASD, followed by the timely initiation of
intensive educational and behavioral interventions during early
childhood, has been shown to significantly improve long-term
cognitive, language, and social outcomes [9, 10]. A recent study
demonstrated that 65% of children diagnosed before 2.5 years
of age no longer met diagnostic criteria at follow-up, compared
with only 25% of those diagnosed after 2.5 years of age [11].
In Tiirkiye, Erden et al. [12] (2010) reported that children with
ASD were diagnosed between 20 and 43 months of age, with
a mean age at diagnosis of 34.01 + 8.76 months. Despite these
findings, numerous studies indicate that even in developed
countries, ASD diagnosis is frequently delayed, resulting in
missed opportunities for effective intervention during critical
developmental periods [13-15]. Factors contributing to delayed
diagnosis include family-related sociocultural characteristics,
social stigma surrounding neurodevelopmental disorders, and,
importantly, insufficient knowledge and awareness among
health care professionals regarding early signs of ASD [16]. All
health care professionals—particularly pediatricians, child and
adolescent psychiatrists, and family physicians—therefore play
a critical role in the early identification of ASD [17].

As health care professionals are often the first and most frequent
point of contact for children and their families, they occupy a
pivotal position in early ASD recognition, appropriate referral
pathways, and parental guidance. Insufficient knowledge of ASD
among physicians, nurses, midwives, and other primary health
care staff may result in misdirection, delayed diagnosis, and
ultimately poorer prognostic outcomes [18, 19]. Previous studies
have demonstrated that health care professionals’ knowledge of
ASD varies considerably according to professional discipline,
educational background, years of clinical experience, and prior
exposure to individuals with ASD [20].

Within this

professionals’

context, objectively assessing health care
of ASD,

educational gaps, and informing the development of targeted

knowledge identifying existing
awareness and training programs are of substantial importance.
Accordingly, the present study aims to evaluate ASD-related
knowledge among health care professionals working at

Gaziantep City Hospital and to examine sociodemographic
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and professional factors associated with knowledge levels. The
findings are expected to inform the development of in-service
training initiatives and to support the strengthening of early

diagnosis and intervention processes for children with ASD.

MATERIALS AND METHODS

Participants and Procedure

In addition to physicians employed at Gaziantep City Hospital,
other health care professionals, including nurses, midwives,
pharmacists, medical secretaries, and health care technicians,
were included in the study. All health care personnel who could
be reached via online messaging during a two-week period
between December 15 and December 31, 2025, were invited
to participate. The items of the Knowledge about Childhood
Autism Questionnaire for Healthcare Workers (KCAHW) were
converted into a digital format using Google Forms. At the
beginning of the online survey, participants were provided with
detailed information about the study and asked whether they
wished to participate as part of the informed consent process.
Only participants who provided electronic consent by responding

“yes” were permitted to proceed to the questionnaire.

The study protocol was reviewed and approved by the Gaziantep
City Hospital Non-Interventional Clinical Research Ethics
Committee (Approval No: 332/2025, Date: October 15, 2025).
All study procedures were conducted in accordance with the

principles of the Declaration of Helsinki, as revised in 2013.

Measures

Sociodemographic data were collected using questions developed
based on prior studies in the literature. These items assessed
participants’ occupation, length of professional experience, age,

gender, and prior experience with autism.

Knowledge about Childhood Autism Questionnaire for
Healthcare Workers (KCAHW): The KCAHW is a validated
instrument developed by Bakare et al. [8] to assess health care
workers’ knowledge of autism. The questionnaire comprises
19 items distributed across four domains related to autism.
Domain 1 evaluates social interaction (8 items), Domain 2
communication (1 item), Domain 3 behavioral patterns (4 items),
and Domain 4 characteristics of the disorder (6 items). Each item
is answered using one of three response options: “yes,” “no,”
or “I do not know.” Correct responses are scored as 1 point,
whereas incorrect responses and “I do not know” responses are

scored as 0 points. The total possible score ranges from 0 to 19,
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with higher scores indicating greater knowledge of ASD among
health care workers. The Turkish validity and reliability of the
questionnaire were established by Borte-Gilirbiiz et al [21]. In
the present study, the 19-item version of the scale was used,
and internal consistency analysis yielded a Cronbach’s alpha
coefficient of 0.73.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 26.0. The
distribution of continuous variables was assessed using histogram
plots, Q—Q plots, and skewness and kurtosis coefficients. Because
the skewness and kurtosis values for total KCAHW scores fell
outside the +1 range, the data were considered to deviate from a
normal distribution [22]. Accordingly, nonparametric statistical
tests were used for group comparisons. Descriptive statistics for
continuous variables are presented as mean + standard deviation
and median with interquartile range, whereas categorical
variables are presented as frequencies and percentages.
Comparisons between two independent groups were performed
using the Mann—Whitney U test, and comparisons among three
or more groups were conducted using the Kruskal-Wallis H test.
When statistically significant differences were identified, post
hoc analyses with Dunn—Bonferroni correction were applied.
Associations between categorical variables were examined
using the chi-square test. In all analyses, a p-value of <0.05 was
considered statistically significant. Study results are presented
in tabular form.

RESULTS

A total of 392 health care workers participated in the study.
The mean age of participants was 35.2 + 7.5 years, with ages
ranging from the early 20s to the 50s. Of the participants, 68.1%
were physicians, 21.4% were clinical health care professionals,
including nurses, midwives, pharmacists, and physiotherapists,
and 10.5% were auxiliary health care staff, such as medical

secretaries and laboratory technicians.

Regarding professional experience, 22.2% of participants had
0-5 years of experience, 36.2% had 6—10 years, 19.1% had
11-15 years, 9.4% had 1620 years, and 10.2% had 21 years
or more of experience. Overall, 21.4% of participants (n = 84)
reported having previously received autism-related training.
The presence of an individual diagnosed with ASD within the
nuclear family was reported by 4.3% of participants (n = 17),
while 28.8% indicated having an individual with ASD in their
close social environment. In addition, 34.9% of participants (n =
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137) reported having previously referred a child due to suspected
ASD. Detailed demographic and professional characteristics of

the participants are summarized in Table 1.

The mean total score on the KCAHW scale among health care
workers was 12.73 £ 3.50.

Table 1. Sociodemographic and Professional Characteristics of
Health Care Professionals

Sociodemographic Variables Mean SD
Age (years) 35.2 7.5

Profession n %

Physician 267 68.1
Nurse, Midwife, Pharmacist, Physiotherapist 84 21.4
Other (medical secretary, laborator

techni((:ian etc.) N ’ 4 103
Years of professional experience

<5 years 87 222
6-10 years 142 36.2
11-15 years 75 19.1
16-20 years 37 9.4
> 21 years 40 10.2

History of participation in autism-related training

Yes 84 214
No 308 78.6
Presence of a family member diagnosed with autism

Yes 17 43
No 375 95.7
Presence of an individual diagnosed with autism in close social
environment

Yes 113 28.8
No 279 71.2
Previous referral of a child with suspected autism

Yes 137 34.9
No 255 65.1

Abbreviations: SD, standard deviation
The Kruskal-Wallis test was used for comparisons across multiple
groups, and the Mann—Whitney U test for two-group comparisons.

Bonferroni correction was applied for post hoc analyses.

Analysis of individual KCAHW items showed that the highest

correct response rates were observed for items assessing
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impairment in nonverbal behaviors, such as eye contact, facial
expression, body posture, and gestures during social interaction
in children with ASD (92.1%), as well as the ability of children
with ASD to develop peer relationships appropriate to their
developmental level (89.0%). The distribution of responses for
all KCAHW items is presented in Table 2.

Total knowledge scores differed significantly across professional
groups (Kruskal-Wallis H = 8.82, p = 0.012). Post hoc analyses
demonstrated that auxiliary health care staff, including
medical secretaries, laboratory personnel, and technicians, had
significantly lower KCAHW scores than both physicians (p =
0.009) and other clinical health care professionals (p = 0.049).
No statistically significant difference in total knowledge scores
was observed between physicians and clinical health care
professionals, including nurses, midwives, pharmacists, and

physiotherapists (p = 1.000).

No statistically significant difference in total knowledge scores
was identified between participants with a family member
diagnosed with ASD (median =
1-18) and those without such a family history (median = 13,
minimum-maximum = 0-19) (U = 3028.0, Z = —0.351, p =
0.726). By contrast, participants who had received autism-related

13, minimum-maximum =

training demonstrated significantly higher total knowledge
scores (mean + SD = 14.44 £ 3.09; median = 15) than those who
had not received training (mean + SD = 12.27 + 3.54; median =
13) (U =7587.5, p < 0.001).

Health care workers who had previously referred a child due to
suspected ASD had significantly higher total knowledge scores
than those who had not made such referrals (U = 11997.5, Z =
—5.139, p < 0.001).

Comparisons of total knowledge scores across professional
experience groups using the Kruskal-Wallis test revealed a
statistically significant difference among groups (H = 10.93, p
= 0.027). Dunn—Bonferroni post hoc analyses indicated that
this difference was primarily attributable to higher scores
among health care workers with 6-10 years of professional
experience compared with those with 0—5 years of experience.
No statistically significant differences were observed between
the remaining experience groups (11-15 years, 1620 years, and
>21 years) when compared with either the 0—5 year or 610 year
groups (Table 3).
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Table 2. Distribution of Participants’ Responses to the KCAHW

Yazici Kopuz H, Erbas S.

Yes No Not sure
Participants’ responses to individual KCAHW items
n % n % n %
e I L E
Failure to develop peer relationships appropriate for developmental age 349% 89.0 18 4.6 25 6.4
I;agl;lzf spontaneous will to share enjoyment, interest or activities with other 291% 74 16 92 65 16.6
Lack of social or emotional reciprocity 318%* 81.1 14 3.6 60 15.3
Staring into open space and not focusing on anything specific 312%* 79.6 31 7.9 49 12.5
May be perceived as deaf or mute 285* 72.7 53 13.5 54 13.8
Lack of interest in other children 347* 88.5 17 43 28 7.1
Social smiling is generally absent 221%* 56.4 69 17.6 102 26.0
Delay or total lack of development of spoken language 313%* 79.8 27 6.9 52 13.3
:Z;egzyfgi j\rlleddrepetitive movements (e.g., hand flapping, finger twisting) 307 834 21 54 44 112
Abnormal eating habits may be observed 174* 44.4 55 14.0 163 41.6
Persistent preoccupation with parts of objects may be observed 302% 77.0 18 4.6 72 18.4
Apparently inflexible adherence to specific, non-functional routines or rituals | 202* 51.5 92 23.5 98 25.0
Autism is childhood schizophrenia 28 7.1 233%* 59.4 131 334
Autism is an autoimmune condition 47 12.0 194%* 49.5 151 38.5
Autism is a neurodevelopmental disorder 284* 72.4 43 11.0 65 16.6
Intellectual disability may be present in autism 167* 42.6 139 355 86 21.9
Epilepsy may be observed in autism 134* 342 136 34.7 122 31.1
Newborn Infant Childhood
n % n % n %
Autism typically begins during this developmental period 46 11.7 169 43.1 177% | 452

Abbreviations: KCAHW, Knowledge about Childhood Autism among Health Workers Questionnaire.

* Correct answers

DISCUSSION

In the present study, the mean total KCAHW score among health
care workers was 12.73 £ 3.50. When compared with findings
from previous studies employing the same measurement
instrument, this mean score falls within the range reported in
the literature, exceeding some published values while remaining
lower than others. For example, Arslan and Yanik (2022) reported
amean knowledge score of 10.99 + 4.66 in a sample of 210 health
care workers, including 144 nurses or midwives and 41 dentists
[23]. By contrast, Durmaz and Yilmaz (2022) observed a higher
mean score of 14.03 £ 2.39 among 151 health care workers, all
of whom were family physicians [24]. Akdag reported a mean
KCAHW score of 12.36 + 4.14 in a study including 269 health

care workers, 43 of whom were physicians [20]. Similarly,
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Keklik and Nazik reported a mean score of 12.29 + 3.19 in their
study of 278 nurses [25]. In another study conducted in Izmir
involving 210 family medicine residents, the mean KCAHW
score was 12.3 +3.15. In that study, higher knowledge levels were
associated with having previously followed or evaluated patients
with ASD, receiving ASD-related training during residency, and
having prior residency experience in another specialty [26].

The observation that physicians, and midwives
of ASD-related knowledge
compared with other health care personnel is consistent with

nurses,
demonstrated higher levels
expectations and broadly aligns with prior research. However, in
the present study, knowledge scores among physicians, nurses,

and midwives were comparable, with no statistically significant
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Table 3. Comparison of KCAHW Scores According to Study Variables

Variables Mean=SD Median (min-max) p
Profession *
Physician 13.07* +3.08 13 (0-19)
Nurse, Midwife, Pharmacist, Physiotherapist 12.67* £ 3.89 13 (0-18) 0.012%
Other (medical secretary, laboratory technician etc.) 10.63°+4.85 11 (0-17)
Years of professional experience*
<5 years 11.83*+3.83 13
6-10 years 13.32°+3.50 14
11-15 years 12.65%® +3.24 13 0.829
16-20 years 1251+ 3.82 13
>21 years 13.25%+£2.70 13.5
History of participation in autism-related training **
Yes 14.44 +£3.09 15 (1-18)

<0.001
No 12.27 +3.54 13 (0-19)
Presence of a family member diagnosed with autism**
Yes 12.65 +4.69 13 (1-18)

0.726
No 12.73 £3.50 13 (0-19)
Presence of an individual diagnosed with autism in close social**
Yes 13.29 +£2.93 13 (1-18)

0.148
No 12.51+3.76 13 (0-19)
Previous referral of a child with suspected autism**
Yes 13.92 +3.00 14 (1-18)

<0.001
No 12.09 + 3.67 13 (0-19)

There was no statistically significant difference between groups sharing the same letter (Bonferroni-corrected Mann—Whitney U test).

T Bonferroni-corrected Mann—Whitney U test was used.
* Kruskal-Wallis test was used.
** Mann—Whitney U test was used.

Abbreviations: SD, standard deviation; min—max, minimum—maximum; IQR, interquartile range. KCAHW, Knowledge about Childhood Autism

among Health Workers Questionnaire.

differences observed between these groups. The literature
presents mixed findings on this issue. For instance, Golbasi et
al. [19] (2021) reported that physicians working in family health
centers had significantly higher levels of ASD-related knowledge
and awareness than nurses and midwives. Conversely, Arslan
and Yanik (2022) found that dentists, nurses, and midwives
demonstrated significantly higher ASD knowledge levels than
auxiliary health care staff, while no significant differences were
observed between dentists and nurses or midwives, a pattern

that closely parallels the findings of the present study [23].

Such discrepancies across studies may be explained by
differences in sample composition, including the relative
distribution of professional groups, variability in medical
specialties represented, and differences in clinical settings, such
as university hospitals versus training and research hospitals.
In the present study, the predominance of physicians within
the sample (68.1%) may have contributed to a relatively higher
overall mean knowledge score. Nonetheless, when considered
in aggregate, the findings indicate that health care workers’
knowledge of childhood ASD remains at a moderate level,
underscoring the continued need for targeted educational efforts

across professional groups.
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Findings from studies involving nursing and medical students
into ASD-related knowledge

acquisition during early professional training. In a descriptive

provide additional insight
study of first-year nursing and medical students, 138 of 175
participants (78.9%) reported awareness of autism. Among
these students, 14 (8%) demonstrated high awareness, 124
(70.9%) reported moderate awareness, and 37 (21.1%) indicated
no awareness of ASD. In the same study, comparisons of
ASD-related knowledge revealed that nursing students had
significantly higher knowledge levels than medical students
[27]. These findings suggest that ASD may not be sufficiently
emphasized within medical education curricula. Consistent
with this observation, physicians in the present study did not
demonstrate markedly higher knowledge levels than nurses.
This underscores the importance of placing adequate emphasis
on ASD not only in physician training but across undergraduate
education for all health care professionals, particularly nurses.
The present findings further indicate that health care workers
who had previously received ASD-related training demonstrated
significantly higher knowledge levels than those without such
training. This observation is consistent with results reported
in prior studies [23, 24, 26]. In a study of 247 family medicine
residents using original questions derived from the KCAHW,
factors associated with higher knowledge levels included
receipt of theoretical or clinical ASD-related training during
medical education, professional encounters with children
with suspected or diagnosed ASD, and familiarity with the
Ministry of Health’s “Autism Spectrum Disorder Screening
and Monitoring Program.” That study also identified a positive
correlation between the duration of residency training and
ASD-related knowledge [28]. Similarly, a study involving sixth-
year medical students found that those who had participated
in the examination or follow-up of patients with ASD during
child psychiatry rotations demonstrated significantly higher
knowledge levels than students without such experience [29].
Collectively, these findings emphasize the critical role of active
clinical engagement with patients with ASD during training in
fostering durable and meaningful knowledge acquisition.
Analysis of correct response rates for individual KCAHW
items revealed that, consistent with findings reported by
Akdag, the highest accuracy was observed for items addressing
impairments in nonverbal behaviors, such as eye contact, facial
expression, body posture, and gestures during social interaction,
as well as the ability of children with ASD to develop peer
relationships appropriate to their developmental level [20]. This

pattern suggests that participants possessed relatively stronger
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knowledge in the domain of social communication difficulties
associated with ASD. By contrast, items with the lowest correct
response rates pertained to comorbid conditions, including
epilepsy, abnormal eating behaviors, and intellectual disability.
The low accuracy observed for these items indicates limited
awareness among participants regarding common comorbidities
associated with ASD.

Another notable finding of the present study is the absence of
a strong association between length of professional experience
and ASD-related knowledge. Only participants with 6—10 years
of professional experience demonstrated significantly higher
knowledge scores compared with those with 0-5 years of
experience, whereas no significant differences were observed
among participants with 11-15 years, 16-20 years, or >21 years
of experience. This pattern is consistent with findings reported
in previous studies [19, 20, 23]. Ideally, given the increasing
prevalence of ASD and growing emphasis on early identification,
health care professionals who have recently completed their
education might be expected to demonstrate higher levels of
ASD-related knowledge and awareness. However, most studies
conducted in Tiirkiye have not demonstrated this anticipated
trend. Only one study reported higher ASD knowledge and
awareness among nurses and midwives within their first five
years of professional practice compared with more experienced
counterparts [30]. Taken together, the findings of the present
study suggest that ASD-related knowledge may be relatively
limited during the early stages of professional practice and
subsequently stabilizes after a certain level of experience is

reached.

Limitations

A primary strength of this study is its large sample size,
comprising 392 health care workers, which places it among the
studies with the highest participant numbers examining ASD
awareness among health care professionals. The substantial
representation of physicians, who accounted for 68% of the
sample, further strengthens the study by allowing robust
evaluation of ASD-related knowledge within this key professional
group. While several studies employing the KCAHW have been
conducted in Tiirkiye, this study adds to the existing literature
by offering institution-based data from a tertiary care setting and
by identifying profession-related disparities in ASD knowledge,
thereby informing targeted educational strategies. Several
limitations should nevertheless be acknowledged. These include

the cross-sectional design, which precludes causal inference;
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the assessment of knowledge using a single measurement
instrument at a single time point; and the heterogeneity of the
study population. Although participants reported their working
units, incomplete specification of specialties prevented a reliable
distinction between pediatric and non-pediatric departments,
and therefore this analysis could not be performed. Furthermore,
the predominance of physicians in the sample (68.1%) may have
introduced a representation bias and should be considered when
interpreting the generalizability of the findings across different
health care professions. Collectively, these factors may limit the
generalizability of the findings to other settings or health care

systems.

CONCLUSIONS

When considered alongside existing literature, the findings
of this study indicate that ASD receives insufficient emphasis
during both undergraduate and postgraduate education of health
care professionals. In the context of the increasing prevalence
of ASD and the pivotal role of early diagnosis in shaping long-
term outcomes, this gap represents an important public health
concern with potentially enduring consequences. The absence
of a consistent increase in knowledge levels with advancing
professional experience further suggests that ASD-related
knowledge does not improve passively over time but instead
requires deliberate educational reinforcement. Accordingly,
ASD-focused in-service training programs for health care
workers should be implemented as standardized, regularly
updated initiatives. Strengthening ASD-related education,
particularly among primary care professionals, may improve
early recognition and referral practices. Such efforts are
expected to promote timely access to appropriate health care and
educational services for children with ASD, thereby contributing
to a reduction in the long-term individual and societal burden

associated with the disorder.
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systems such as the American College of Radiology Thyroid Imaging Reporting and Data
System (ACR TI-RADS) have been developed to standardize management. This study aimed to
evaluate whether the presence of an ACR TI-RADS score in ultrasound reports influences the
concordance of biopsy requests with guideline recommendations.

Methods: This retrospective study included 498 patients referred for thyroid fine-needle aspiration
biopsy during the study period. Patients were divided into two groups according to whether an
ACR TI-RADS score was present in the ultrasound report (Group A, n = 91) or not (Group B, n
=407). For reports without a score, TI-RADS categories were retrospectively assigned based on
descriptive findings. Biopsy requests were classified as concordant or discordant according to the
ACR TI-RADS size thresholds, with additional consideration of documented nodule growth or
explicit radiologist recommendations. Concordance rates were compared between groups, across
TI-RADS categories, and among referring departments.

Results: Overall, 267 biopsy requests (53.6%) were concordant with guideline recommendations.
Concordance was lower in Group A than in Group B (40.7% vs. 56.5%, p = 0.009). Concordance
rates increased significantly across higher TI-RADS categories (p < 0.001). Among patients
with reported TI-RADS scores, discordant requests were most frequently observed in TR3 and
TR4 nodules. Significant differences were observed among referring departments (p = 0.002).
Discordant requests were associated with smaller nodule size (p < 0.001).

Conclusion: The presence of a reported ACR TI-RADS score was associated with a higher rate
of guideline-discordant biopsy requests and did not improve concordance with ACR TI-RADS
size-based biopsy thresholds. These findings suggest that structured risk labeling alone may
be insufficient to improve biopsy referral behavior. Further prospective studies incorporating

clinical outcomes and explicit management recommendations are warranted.

Keywords: ACR TI-RADS, fine-needle aspiration biopsy, structured reporting, thyroid nodule,

ultrasonography, ultrasound reporting
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INTRODUCTION

Thyroid nodules are a common clinical finding in the adult
population [1]. With the increasing use of modern imaging
techniques, the reported detection rate of thyroid nodules ranges
from 60% to 67% [1-3]. Although the majority of detected
nodules are benign, the primary clinical priority is to accurately
identify the small proportion of nodules with malignant potential
[1]. Unnecessary fine-needle aspiration biopsies performed
during the diagnostic process impose a substantial financial
burden on the health care system [2,4]. These procedures are not
limited to economic costs but may also cause anxiety and pain
in patients and carry a small but relevant risk of complications
[5,6].

Several risk stratification systems have been developed to
standardize radiological assessment and reduce interobserver
variability in reporting [7,8]. These systems aim to provide
clinicians with evidence based management recommendations
and to support more consistent biopsy decision making. Most of
the existing literature has evaluated the diagnostic performance
of risk stratification systems based on cytopathological
outcomes [7,9,10]. However, less attention has been given to
how these systems influence clinical decision making in real-
world practice, particularly in terms of biopsy referral behavior
and adherence to guideline recommendations. In this context,
the impact of reporting format on clinician behavior remains

insufficiently explored.

In this study, biopsy requests were evaluated independently of
cytopathological outcomes, with a primary focus on guideline
concordance. Rather than assessing diagnostic accuracy, this

study specifically examines clinical decision making patterns

Main Points

* Reporting an ACR TI-RADS score in thyroid
ultrasound reports did not improve concordance of

biopsy requests with guideline-based size thresholds.

* Biopsy requests were more frequently guideline-
discordant when a TI-RADS score was reported,
particularly for intermediate-risk nodules (TR3 and
TR4).

* Guideline concordance increased with higher TI-
RADS categories and larger nodule size, regardless of

reporting format.
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reflected in biopsy requests. The main objective was to compare
the rate of guideline discordant biopsy requests between patients
whose ultrasound reports included an American College of
Radiology Thyroid Imaging Reporting and Data System (ACR
TI-RADS) score and those whose reports did not include a
structured risk classification. This study focused exclusively on
guideline concordance and did not evaluate cytopathological

outcomes or malignancy rates.

MATERIALS AND METHODS

This retrospective study was approved by the Health Research
Ethics Committee of Izmir Katip Celebi University (Date: April
8, 2025, Approval No: 0185). The requirement for informed
consent was waived because of the retrospective design and

anonymized data analysis.

Patients with a thyroid fine-needle aspiration biopsy
request (September-December 2024) (n = 615)

dq

No available thyroid ultr
report (n = 96)

Insufficient nodule information
(size or echogenicity) (n =21)

P R———

Final study population (n = 498)

Figure 1. Flow diagram of patient selection.

Patients were divided into two groups according to the presence
of an ACR TI-RADS score in the referring ultrasound report.
Group A consisted of patients whose ultrasound report
already included an ACR TI-RADS score. These reports were
generated within the same institution by different radiologists,
and no external reports were included. These reports did not
provide management recommendations for follow-up or biopsy.
Group B consisted of patients whose ultrasound report did not
include an ACR TI-RADS score. For both groups, patient age,
sex, maximum diameter of the nodule for which biopsy was
requested, number of nodules reported (categorized as 1, 2,
3, or more than 3), and the referring clinical department were
recorded. This study focused exclusively on biopsy requests and
ultrasound reports. Whether a biopsy was actually performed

and the cytopathological results were not evaluated.
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For patients in Group B, ACR TI-RADS scores were
retrospectively calculated based on the descriptive ultrasound
findings in the original reports. To ensure consistency
and reproducibility of the retrospective scoring process, a
standardized assessment approach was established prior to
the analysis. At the beginning of the study, a preliminary set
of 50 ultrasound reports not included in the final analysis was
jointly reviewed in order to establish standardized assessment
criteria and ensure consistency in scoring. During this phase,
agreement was reached on how to interpret commonly reported
and unreported ultrasound features according to ACR TI-
RADS definitions. If calcifications, margin irregularity, or
shape features such as taller-than-wide configuration were
not explicitly mentioned in the report, these features were
considered absent and assigned zero points, in accordance with
routine radiology reporting practice. When multiple nodules
were present, the nodule specifically mentioned in the biopsy
request form was selected. If no specific nodule was indicated,
the nodule with the highest ACR TI-RADS score was chosen.
In cases of equal ACR TI-RADS scores, the largest nodule
was selected. Data extraction and retrospective scoring were
performed in consensus by two radiology residents with three
years of experience in thyroid ultrasonography. In cases of
uncertainty, a senior radiologist with fifteen years of ultrasound
experience reviewed the case and a final consensus decision was
reached.

Biopsy requests were primarily evaluated for concordance with
the size thresholds recommended in the 2017 ACR TI-RADS
guidelines. To better reflect routine clinical practice, biopsy
requests were also considered concordant in the presence of
documented significant nodule growth, defined as a 20 percent
increase in at least two dimensions with a minimum increase
of 2 mm [8]. In addition, in Group B, biopsy requests were
considered concordant when an explicit biopsy recommendation
was provided by the performing radiologist in the ultrasound
report, even if the nodule did not meet the guideline size
thresholds.

Statistical Analysis

Statistical analyses were performed using SPSS software
(version 22.0; IBM Corp., Armonk, NY, USA). Continuous
variables were summarized as mean + standard deviation
or median with range or interquartile range, as appropriate.
Categorical variables were expressed as counts and percentages.

Comparisons between Group A and Group B in terms of age and
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nodule size were performed using the Mann—Whitney U test,
and sex distribution was compared using the chi-square test.
Comparisons of concordance rates between Group A and Group
B and across ACR TI-RADS categories were performed using the
chi-square test. A Cochran—Armitage test for trend was applied
to assess the presence of a linear trend across increasing TI-
RADS categories. Analyses evaluating concordance according
to referring department were performed after exclusion of the
‘other’ group (n = 3) using the chi-square test. Nodule size was
compared between concordant and discordant groups using the
Mann—-Whitney U test. A p value less than 0.05 was considered
statistically significant.

RESULTS

A total of 498 patients were included in the study. The mean
age was 56.2 + 12.8 years and the median age was 56.5 years
(range, 18 to 90). Of the study population, 400 patients were
female (80.3%) and 98 were male (19.7%). Regarding nodule
multiplicity, 92 patients had a single nodule (18.5%), 61 had two
nodules (12.2%), 78 had three nodules (15.7%), and 267 had more
than three nodules (53.6%). The majority of biopsy-requested
nodules were classified as ACR TI-RADS category 4 (n = 221,
44.4%) and category 3 (n = 172, 34.5%) (Table 1). Most biopsy
requests were made by the endocrinology department (n = 279,
56.0%), followed by general surgery (n = 120, 24.1%) (Table 2).

Table 1. Distribution of ACR TI-RADS categories of biopsy-
requested nodules

ACR TI-RADS category n %

TR1 0 0.0
TR2 40 8.0
TR3 172 345
TR4 221 444
TRS 65 13.1
Total 498 100

Note: Data represent the ACR TI-RADS categories of the nodules for
which fine-needle aspiration biopsy was requested. ACR TI-RADS
indicates American College of Radiology Thyroid Imaging Reporting
and Data System.

Patients were classified into two groups according to the presence
of an ACR TI-RADS score in the ultrasound report. Group A
included patients whose reports contained an ACR TI-RADS
score, whereas Group B included patients whose reports did

not contain a structured risk classification. Group A consisted
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of 91 patients (18.3%), and Group B consisted of 407 patients
(81.7%). There was no significant difference between Group
A and Group B in terms of age (p = 0.645) or sex distribution
(p = 0.863). Nodule size was significantly larger in Group B
compared to Group A (median 17.0 mm [IQR, 12.0-25.5] vs.
12.0 mm [IQR, 8.0-19.25], p < 0.001). Overall, 267 fine-needle
aspiration biopsy requests (53.6%) were classified as concordant,

whereas 231 requests (46.4%) were classified as discordant.

Concordant biopsy requests were observed in 37 of 91 patients
(40.7%) in Group A and in 230 of 407 patients (56.5%) in Group
B, with a higher concordance rate in Group B, and the difference
was statistically significant (p = 0.009).

The rate of concordance differed significantly across ACR TI-
RADS categories (p < 0.001). Concordance rates were 12.5%
in TR2 (5 of 40), 45.9% in TR3 (79 of 172), 62.0% in TR4 (137
of 221), and 70.8% in TRS (46 of 65). There was a significant
increasing trend in concordance across higher ACR TI-RADS

categories (p < 0.001).

Table 2. Distribution of referring departments for thyroid biopsy

requests

Referring department n %

Endocrinology 279 56.0
General Surgery 120 24.1
Internal Medicine 58 11.6
Otorhinolaryngology 38 7.6
Other 3 0.6
Total 498 100

Note: Other includes departments with a single biopsy request, namely

family medicine, rheumatology, and palliative care.

Table 3. Distribution of concordant and discordant biopsy
requests across TI-RADS categories in patients with reported TI-
RADS scores (Group A)

TI-RADS Concordant, n Discordant, n Total
category (%) (%) (n)
TR2 1 (50.0%) 1 (50.0%) 2
TR3 6 (22.2%) 21 (77.8%) 27
TR4 20 (47.6%) 22 (52.4%) 42
TRS 10 (50.0%) 10 (50.0%) 20
Total 37 (40.7%) 54 (59.3%) 91

Salbas A, et al.

Note: Values are presented as number (row percentage). Concordance
was defined according to the 2017 ACR TI-RADS biopsy size
thresholds, with additional clinical indications including documented

nodule growth or an explicit radiologist recommendation.

In patients with reported TI-RADS scores (Group A), the
distribution of concordant and discordant biopsy requests
across TI-RADS categories is shown in Table 3. The highest
discordance rate was observed in TR3 nodules (21 of 27, 77.8%).
According to referring department, concordance rates were
60.0% (72 of 120) in general surgery, 55.9% (156 of 279) in
endocrinology, 47.4% (18 of 38) in otorhinolaryngology, and
31.0% (18 of 58) in internal medicine, and the difference across

departments was statistically significant (p = 0.002).

The median nodule size was 21.0 mm (IQR, 15.75-30.0) in the
concordant group and 12.0 mm (IQR, 9.25-18.0) in the discordant
group, with a statistically significant difference between the two
groups (p < 0.001).

DISCUSSION

This study evaluated the concordance of thyroid fine-needle
aspiration biopsy requests with the ACR TI-RADS size
thresholds, focusing on the impact of structured risk reporting
rather than cytopathological outcomes. This study specifically
examined referral patterns and guideline adherence rather than
diagnostic performance or malignancy rates. To our knowledge,
no previous study has specifically evaluated the association
between ACR TI-RADS reporting and real-world concordance
of thyroid biopsy requests with guideline recommendations. The
main finding was that the presence of an ACR TI-RADS score
in the ultrasound report was not associated with a higher rate
of guideline concordance. Unexpectedly, reports that already
included a structured score (Group A) showed a significantly
higher rate of discordant biopsy requests compared to those
without a score (Group B). These findings may suggest that
the mere inclusion of a TI-RADS category in the report does
not necessarily translate into improved adherence to biopsy
recommendations.

While thyroid cancer mortality rates have remained relatively
stable over several decades, the increased availability of
imaging has led to a more frequent detection of thyroid nodules.
This trend increases the risk of overdiagnosis and leads to
unnecessary biopsies for lesions that may not be clinically
significant [11]. Risk stratification systems, such as ACR TI-
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RADS, were developed to standardize risk assessment and
minimize unnecessary interventions. Various studies suggest
that ACR TI-RADS may be particularly effective in reducing
unnecessary procedures by utilizing higher size thresholds
compared to other systems like American Thyroid Association
(ATA) or European Thyroid Imaging Reporting and Data
System (EU-TIRADS) [7,12].

Conventional thyroid ultrasound reports were traditionally
based on free-text descriptions of nodule characteristics such
as size, echogenicity, margins, and calcifications, often without
providing a quantitative estimate of malignancy risk. This
approach has been associated with variability in interpretation
and a lack of standardization among clinicians [13]. To address
these limitations, risk stratification systems such as ACR
TI-RADS introduced an algorithmic scoring method based
on predefined ultrasonographic features, aiming to reduce
subjectivity and improve consistency in risk categorization.
Structured reporting has been shown to improve report quality
and to facilitate communication between radiologists and
referring clinicians by providing clearer and more standardized
information [14—16]. However, contrary to these expectations
in the literature, our results suggested that the presence of a
structured score did not appear to lead to higher guideline
concordance. In our study, the group with reported TI-RADS
scores actually demonstrated lower adherence to size thresholds

compared to the group with descriptive reports.

Several factors may help explain why reports with structured
scores showed lower concordance with the ACR TI-RADS
guidelines. One primary consideration is the psychological
impact of risk labeling on clinical decision making. Research
suggests that assigning a specific risk label to a medical finding
can alter the behavior of both patients and physicians by
increasing the perceived severity of the condition [17]. In our
study, the majority of discordant requests in Group A occurred
in the TR3 and TR4 categories. A label such as “TR3 - mildly
suspicious” or “TR4 - moderately suspicious” may prompt a
more cautious clinical response. The term “suspicious” could be
interpreted as a need to rule out malignancy, even if the nodule
size is below the recommended threshold. This reaction may
stem from a broader concern regarding diagnostic uncertainty
and the potential risk of missing a diagnosis [18]. In the absence
of a formal risk category, clinicians may be more inclined to
evaluate the individual descriptive features and size thresholds

together. This approach might explain why fewer biopsy requests
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were observed for smaller nodules in the group with descriptive
reports. In this context, higher-risk labels such as TR4 may
increase concern about missing malignancy and contribute to a

more defensive approach in biopsy decision making.

Another possible factor is the variation in size thresholds among
different risk stratification systems. The 2015 ATA guidelines
continue to be frequently consulted by many clinicians in daily
practice. While the ATA guidelines prioritize sensitivity to
ensure malignancy detection, ACR TI-RADS focuses more
on specificity to minimize unnecessary procedures [15,19,20].
For intermediate-suspicion nodules, the ATA recommends
biopsy at a threshold of 1.0 cm, while ACR TI-RADS sets this
limit at 1.5 cm [8,20]. In our study, a biopsy request for a 12
mm TR4 nodule would be entirely appropriate according to
the ATA guidelines. However, since ACR TI-RADS was the
reference point for our analysis, such instances were recorded as
discordant. Taken together, these considerations suggest that the
lower concordance observed in the structured reporting group
may reflect differences in clinical risk perception and the use of
alternative, widely accepted management strategies rather than

inappropriate referral behavior.

Our study also revealed significant variations in concordance
rates among different referring departments. Previous research
has indicated that attitudes toward the management of thyroid
nodules and cancer can vary considerably across medical
specialties [21,22]. The higher concordance rates observed
in the endocrinology and general surgery departments in our
study may be attributed to their more frequent clinical exposure
to thyroid pathology. In contrast, the lower rates observed
in internal medicine might reflect the broader scope of their
clinical responsibilities. Since internal medicine often serves as
the primary point of contact for a wide variety of conditions, a
biopsy request may be viewed as a preliminary step to clarify
risk before a formal referral to a sub-specialist. These differences
likely highlight the varying risk tolerances and the practical
challenges of adhering to disease-specific guidelines across
the diverse spectrum of primary and specialty care. However,
it would be inappropriate to draw definitive conclusions based
solely on these departmental variations. The referral process is
likely multifactorial, and several unaccounted variables, such as
individual clinician experience or specific patient concerns, may
have influenced these outcomes. Further research is needed to
more accurately identify the underlying factors that drive these

differences in clinical practice.
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The findings of this study highlight several potential implications
for clinical practice. First, including explicit management
advice in ultrasound reports, alongside the risk category, may
be beneficial for improving guideline adherence. In our study,
reports in Group A included a TI-RADS category but did
not contain a clear management recommendation regarding
follow-up or fine-needle aspiration biopsy. Providing a clear
recommendation that integrates both the risk score and the
nodule size might reduce ambiguity and support more consistent
decision making among referring clinicians. Second, fostering
multidisciplinary collaboration through regular thyroid boards
or joint educational meetings could be highly valuable. Such
initiatives involving radiologists, endocrinologists, surgeons,
and other relevant clinicians might help establish a common
language and align different clinical perspectives on nodule
management. Finally, the integration of artificial intelligence-
based decision support systems into clinical workflows could
offer a technological solution. Such systems may support
clinical decision making by integrating imaging findings with
guideline-based recommendations and providing real-time

decision support in routine practice.

Limitations

This study has several limitations, including potential bias
related to retrospective TI-RADS calculation, methodological
differences between groups, and incomplete clinical data.
First, ACR TI-RADS scores in Group B were retrospectively
calculated from descriptive ultrasound reports, and unreported
imaging features (such as calcifications or taller-than-wide
shape) were considered absent, which may have led to an
underestimation of TI-RADS scores in this group. This
approach may have systematically shifted some nodules toward
lower TI-RADS categories and could have influenced the
observed concordance rates. Although this assumption reflects
common reporting practice, where absent features are often not
explicitly stated, it introduces a potential source of bias that
should be considered when interpreting the results. In addition,
biopsy requests in Group B were considered concordant when
an explicit radiologist recommendation was present, whereas
no equivalent criterion was applied in Group A, which may
have reduced comparability between the groups and influenced
the results. This methodological difference may have partially
favored Group B in concordance analyses and should be
considered when interpreting intergroup comparisons. Second,
the single-center design and the relatively short study period

may limit the generalizability of the results to other institutions

Salbas A, et al.

with different reporting practices. Third, important clinical
variables such as family history, prior radiation exposure, and
physical examination findings were not consistently available
in the hospital information system and could not be included
in the analysis, which may have influenced clinical decision
making and the interpretation of discordant biopsy requests.
In addition, this study focused exclusively on biopsy requests,
and information on whether biopsy was actually performed and
the corresponding cytopathological results was not evaluated.
Therefore, the clinical impact of guideline concordance,
including malignancy rates and avoidance of unnecessary
biopsies, could not be assessed. Furthermore, multivariate
analysis was not performed because of the relatively limited
sample size in Group A and the imbalance between groups,
which may have reduced the stability and interpretability of
multivariable models. Therefore, potential confounding factors
could not be simultaneously adjusted for. In addition, the
relatively small sample size in Group A and the limited number of
cases in certain subgroups may restrict the precision of subgroup
analyses and warrant cautious interpretation of the findings.
Finally, the lack of long-term follow up prevented evaluation of
the clinical outcomes of guideline discordant biopsy requests.
Despite these limitations, this study provides real world data on
the association between ACR TI-RADS reporting and guideline
concordance of thyroid biopsy requests in routine clinical
practice. Future multicenter studies with longer follow up and
incorporation of cytopathological and clinical outcome data are
warranted to better define the clinical impact of structured risk

reporting systems.

CONCLUSION

This study suggests that the presence of an ACR TI-RADS
score in thyroid ultrasound reports may not be associated
with improved guideline concordance for biopsy requests.
Unexpectedly, reports containing a structured risk category were
associated with lower adherence to recommended size thresholds
compared to descriptive reports. These findings suggest that
the mere inclusion of a risk category may be insufficient to
ensure appropriate biopsy referral patterns in clinical practice.
These findings highlight that structured reporting may be more
effective when risk categorization is accompanied by clear
management recommendations. Providing explicit management
recommendations alongside risk categories and strengthening
multidisciplinary educational initiatives may help to improve
guideline adherence. Prospective multicenter research with
cytopathological correlation would be valuable to further clarify
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the clinical implications of these findings and to optimize the

integration of structured reporting systems into routine practice.
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ABSTRACT

Objective: Varicocele is a common and surgically correctable cause of infertility in men;
however, postoperative improvement in semen parameters varies considerably among patients.
Inflammation plays an important role in varicocele-related testicular dysfunction, and
hematologic inflammatory indices have recently gained attention as potential prognostic markers.
The systemic immune-inflammation index (SII) is a novel and easily accessible marker that may
reflect the underlying inflammatory burden influencing postoperative outcomes. We aimed to
investigate the association between preoperative SII and varicocelectomy success.

Methods: One hundred ninety-one patients who underwent microsurgical subinguinal
varicocelectomy between January 2018 and January 2024 were retrospectively reviewed. Patients
with azoospermia, hormonal therapy, prior scrotal surgery, malignancy, hematologic or systemic
inflammatory disorders, or subclinical varicocele were excluded. Preoperative blood samples
were collected to calculate SII (neutrophil x platelet / lymphocyte), and semen analyses were
performed before and six months after surgery. Varicocelectomy success was defined as a >50%
increase in total motile sperm count (TMSC) in the postoperative semen analysis (but >100%
increase is required if the preoperative TMSC was <5 million). Patients were divided into two
groups based on postoperative semen improvement: Group 1 (improvement) and Group 2 (no
improvement).

Results: Postoperative semen improvement was observed in 122 patients (63.9%). Preoperative
SII was significantly lower in Group 1 compared to Group 2 (median 345.2 vs 441.1, p<0.001). ROC
analysis identified an SII threshold of <363.7 for predicting varicocelectomy success (AUC:0.766,
95% CI:0.699-0.832). Multivariate analysis revealed that preoperative sperm motility (p=0.029)
and SII<363.7 (p<0.001; OR=5.465) were independent predictors of varicocelectomy success.
Conclusion: Lower preoperative SII values are significantly associated with better postoperative
semen outcomes following microsurgical subinguinal varicocelectomy. SII, as a simple and cost-
effective inflammatory marker, may serve as a practical tool for preoperative assessment and

counseling in infertile men undergoing varicocelectomy.

Keywords: male infertility, semen improvement, systemic immune-inflammation index,

varicocele, varicocelectomy
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INTRODUCTION

Varicocele represents the leading surgically treatable cause of
male infertility, with a prevalence of approximately 15% in the
general male population and up to 40% among men presenting
with primary infertility [1,2]. It is defined by pathological
enlargement of the pampiniform venous plexus, leading to
increased scrotal temperature, tissue hypoxia, and oxidative
stress, thereby adversely affecting spermatogenesis and overall
semen parameters [3,4]. Although varicocelectomy improves
semen parameters in many patients, postoperative outcomes
remain variable, and predicting surgical success continues to

pose a clinical challenge [5].

Inflammation has recently been recognized as an important
factor in varicocele-related testicular dysfunction. Experimental
and clinical studies have demonstrated that elevated reactive
oxygen species (ROS), leukocyte infiltration, and endothelial
dysfunction disrupt the blood—testis barrier and compromise

germ-cell maturation [6].

The systemic immune-inflammation index (SII) has recently
emerged as a novel marker reflecting the balance between
immune and inflammatory responses [7]. It has recently gained
prominence in urological research as a reliable indicator of
systemic inflammatory status. Several studies have demonstrated
its clinical relevance in conditions such as lower urinary tract
symptoms or benign prostatic hyperplasia and prostate cancer,
where higher SII levels are associated with greater disease

severity and poorer outcomes [8,9]. Moreover, recent evidence

Main Points

» Lower preoperative systemic immune-inflammation
index (SII) was significantly associated with greater
postoperative improvement in semen parameters after
microsurgical subinguinal varicocelectomy.

e An SII cutoff value of < 363.7 demonstrated good
predictive performance and independently predicted
varicocelectomy success in multivariate analysis.

» Preoperative SII and sperm motility were identified as
independent predictors of postoperative improvement.

* As an inexpensive and readily available inflammatory
marker, SII may serve as a practical tool for
preoperative risk stratification and patient counseling.
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suggests that SII may serve as an independent risk factor in
patients with varicocele, emphasizing the role of systemic
inflammation in its pathophysiology [10]. Nevertheless, data
regarding the predictive value of SII for postoperative outcomes
following varicocelectomy remain limited.

In this study, we aimed to evaluate the association between
preoperative SII values and postoperative improvement in semen
parameters among men undergoing microsurgical subinguinal

varicocelectomy.

MATERIALS AND METHODS
Study Population

Patients who  underwent microsurgical  subinguinal
varicocelectomy for infertility and clinical varicocele at our clinic
between January 2018 and January 2024 were retrospectively
reviewed. Patients with a history of azoospermia, hormonal
therapy, prior scrotal surgery, malignancy, hematologic disease,
endocrinologic disorders, systemic inflammatory disease, or

subclinical varicocele were excluded from the study.

All surgical interventions were carried out by the same
experienced surgeon (A.G.). Ethical approval for the study
was obtained from the Sakarya University Ethics Committee
(Approval No: E-43012747-050.04-399621-48, Date: September
19, 2024).

Demographic and clinical data, including age, marital status,
smoking status, and varicocele laterality, were recorded.
Varicocele grades were determined on physical examination as
follows: Grade 1, palpable only during the Valsalva maneuver;
Grade 2, palpable without the Valsalva maneuver; and Grade 3,

visible through the scrotal skin without the Valsalva maneuver.

Varicose vein diameters and reflux flow were assessed in all
patients by scrotal color Doppler ultrasonography, both at
rest and during the Valsalva maneuver, and the widest vein
diameter was recorded. All blood samples were obtained before
10:00 a.m. Hormonal assays were performed in patients with
sperm concentrations below 10 million/mL. Preoperative
levels of testosterone, follicle-stimulating hormone (FSH),
luteinizing hormone (LH), hemoglobin, hematocrit, white
blood cell (WBC), platelet, neutrophil, lymphocyte, eosinophil,
and monocyte counts were recorded. SII was calculated as
(neutrophil x platelet) / lymphocyte.
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At least two semen analyses were performed before surgery and
again six months postoperatively. The semen sample with the
highest total motile sperm count (TMSC) was used for both pre-
and postoperative assessments. Varicocelectomy success was
determined based on improvement in semen parameters and was
defined as a >50% increase in TMSC in the postoperative semen
analysis (but >100% increase is required if the preoperative
TMSC was <5 million) [11]. Patients were divided into two
groups based on treatment outcomes: Group 1, those showing
improvement in semen parameters, and Group 2, those showing

no improvement.

Surgical Technique

Under general anesthesia, a 2-3 cm subinguinal incision
was made at the level of the superficial inguinal ring. After
incising Camper’s and Scarpa’s fascias, the spermatic cord was
identified, gently grasped with a Babcock clamp, and carefully
dissected from the surrounding tissues. A Penrose drain was
placed under the cord to prevent it from retracting back into
the incision. Under x20 microscopic magnification, all dilated
internal and external veins were meticulously ligated and
divided, while preserving the arterial structures, vas deferens,
veins, and lymphatics. Finally, the spermatic cord was returned
to its normal anatomical position, and the layers were closed

using absorbable sutures.

Statistical Analysis

All statistical evaluations were conducted using IBM SPSS
Statistics (IBM Corp., Armonk, NY, USA). Normality of
distribution was examined with the Kolmogorov—Smirnov test.
Continuous variables were summarized using mean + standard
deviation (SD) or median (interquartile range, IQR), whereas
categorical variables were reported as absolute values and

percentages.

Between-group comparisons of continuous variables were
performed using the independent samples t-test for parametric
variables and the Mann—Whitney U test for non-parametric
variables. The chi-square test was applied for categorical
variables, and pre- and postoperative data were assessed using

the Wilcoxon signed-rank test.

The discriminatory capacity of the variables for predicting
varicocelectomy success was examined using receiver operating
characteristic (ROC) curve analysis, and optimal threshold

values identified by the Youden index. Independent predictors
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were explored through both univariate and multivariate logistic
regression analyses. Statistical significance was defined as a
p-value < 0.050.

RESULTS

A total of 191 patients were retrospectively reviewed. The mean
age was 29.84 + 7.02 years; 145 (75.9%) patients were married,
and 78 (40.8%) had a history of smoking. Semen parameters
improved in 122 (63.9%) patients (Group 1), whereas no
improvement was noted in 69 (36.1%) patients (Group 2). The
patients’ demographic characteristics and laboratory findings,
including hormonal, hematological, and semen analyses, are

summarized in Table 1 and 2.

Preoperative sperm concentration, total sperm count, motility,
and TMSC were significantly lower in Group 1 (p < 0.001).
Significant improvements were observed in all semen parameters
in Group 1 following varicocelectomy (p<0.05). The median
SIT was 345.2 (IQR: 283.4—415.3) in Group 1 and 441.1 (IQR:
374.6—621.0) in Group 2 (p<0.001).

According to ROC analysis, the optimal SII threshold value for
predicting varicocelectomy success was < 363.7, yielding 60.7%

sensitivity and 78.3% specificity (Table 3, Figure 1).

ROC Curve
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Figure 1. Receiver operating characteristic (ROC) analysis of

systemic immune-inflammation index (SII)

Univariate logistic regression analysis revealed that preoperative

sperm concentration, total sperm count, motility, TMSC, and
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Table 1. Demographic and clinical characteristics of the patients
. Total Group-1 Group-2
Variables (=191) (n=122) (1=69) P
Age (yr) 29.84 +7.02 29.32+7.59 30.77 +5.83 0.1422
Marital status, n (%)
Single 46 (24.1) 34 (27.9) 12 (17.4)
0.104°
Married 145 (75.9) 88 (72.1) 57 (82.6)
Smoking, n (%)
No 113 (59.2) 73 (59.8) 40 (58)
0.801°
Yes 78 (40.8) 49 (40.2) 29 (42)
Varicocele laterality, n (%)
Left 180 (94.2) 115 (94.3) 65 (94.2)
0.986°
Bilateral 11 (5.8) 7(5.7) 4(5.8)
Varicocele grade, n (%)
Grade 1 23 (12.0) 15(12.3) 8 (11.6)
Grade 2 66 (34.6) 32 (26.2) 34 (49.3) 0.004°
Grade 3 102 (53.4) 75 (61.5) 27 (39.1)
Varicose vein diameter (mm) 3.4(2.9-4.1) 3.5(3-4.1) 3.35(2.80-3.93) 0.205¢

a: Independent sample t-test; b: Chi-square test; ¢: Mann-Whitney U test

Continuous variables are shown as mean + SD or median (IQR), categorical variables are shown as number (percentage).

SIT were significantly associated with surgical success (p <
0.001) (Table 4). In the multivariate model, only preoperative
sperm motility (p = 0.029; OR = 0.959; 95% CI = 0.925-0.996)
and SII <363.7 (p < 0.001; OR = 5.465; 95% CI = 2.536-11.777)

remained independent predictors of postoperative improvement.

DISCUSSION

In this study, we examined the relationship between the
preoperative SII and postoperative improvements in semen
parameters among men undergoing microsurgical subinguinal
varicocelectomy. Our findings demonstrated that lower
preoperative SII values were significantly associated with more
favorable postoperative outcomes, and that an SII threshold of
< 363.7 independently predicted surgical success. These results
suggest that the systemic inflammatory state, as reflected by SII,
may have a significant role in the recovery of spermatogenesis
following surgical correction of varicocele.

Several studies have demonstrated that inflammation is
critically involved in the pathophysiology of varicocele and
its detrimental effects on spermatogenesis. Venous congestion

within the pampiniform plexus results in increased testicular

temperature, hypoxia, and oxidative stress, thereby enhancing
the generation of ROS and pro-inflammatory cytokines [12].
These inflammatory mediators disrupt the blood—testis barrier
and impair Sertoli and Leydig cell function, resulting in defective
germ-cell maturation and altered testosterone synthesis [13].
Recent findings by Palani et al. [14] indicate that varicocele is
linked to decreased semen quality across multiple parameters
and elevated sperm DNA fragmentation. Taken together, these
findings suggest that inflammation is not merely a secondary
feature but also a significant contributing factor to testicular
dysfunction in varicocele, providing a plausible biological basis

for the relationship identified in our study.

A number of clinical studies have further supported the
association between systemic inflammatory markers and
varicocele severity. Nallella et al. [15] showed that men with
varicocele exhibit significantly elevated levels of interleukin-6
(IL-6) and oxidative stress, and that these inflammatory
alterations correlate with impaired semen quality. Yagmur et al.
[16] likewise reported significantly increased NLR and platelet-
to-lymphocyteratio (PLR) in men with varicocele, reinforcing the

contribution of systemic inflammation to disease severity. More
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Table 2. Preoperative laboratory findings and preoperative/postoperative semen parameters according to study groups
Variables (nT=01tgl1) ?nrzilgz)l (:::sg)z i
Haemoglobin (g/dL) 15.04 £0.99 15.09 £0.94 14.96 +1.08 0.409°
Haemotocrit (%) 45.09 +2.87 45.06 +2.71 45.13+£3.16 0.876*
Platelet (x10° per pl) 229 (202-257) 228 (207-256) 229 (194-272) 0.798"
WBC (x10° per pl) 7.46 + 1.65 7.35+1.70 7.67 +1.54 0.188*
Neutrophil (x10° per pl) 423+1.17 3.96 + 1.08 471+1.17 <0.001*
Lymphocyte (x10° per pl) 2.42 (2-2.84) 2.54(2.10-2.92) 2.10 (1.80-2.56) <0.001°
Monocyte (x10° per pl) 0.52+0.14 0.52+0.15 0.51+0.15 0.876*
Eosinophil (x10° per pl) 0.17 (0.11-0.24) 0.17 (0.12-0.28) 0.16 (0.09-0.23) 0.278°
SII 379.8 (309.0-471.6) 345.2 (283.4-415.3) 441.1 (374.6-621) <0.001°
FSH 4.45 (3.28-6.65) 4.54 (3.33-5.90) 3.78 (2.68-9.28) 0.569°
LH 3.74 (2.59-5.46) 3.91 (2.61-5.69) 3.02 (2.49-5.44) 0.456°
Testosterone 447.2 (323.1-626.1) 458.9 (323.8-625.8) 415 (282.7-689.3) 0.655°
Preop semen volume (ml) 3 (2-3.50) 2.55(2-3.53) 3(2-3.5) 0.516°
Postop semen volume (ml) 2.80 (2-3.50) 3 (2-3.60) 2.50 (1.75-3.35) 0.015°
P 0.391¢ 0.005¢ 0.011¢
Preop sperm concentration (x10%ml) 18 (7-38) 12 (5.08-24) 37 (15.5-55.5) <0.001°
Postop sperm concentration (x10%/ml) 31 (14-50) 34.5 (15.75-51.50) 26 (13-38.5) 0.053°
) <0.001¢ <0.001¢ <0.001¢
Preop total sperm count (x10°) 50 (16-96) 30 (12.94-69.68) 81 (50-164.2) <0.001°
Postop total sperm count (x10°) 75 (32.8-133.4) 82.6 (38.25-155.1) 50 (26.30-99.05) 0.006°
)4 <0.001°¢ <0.001°¢ <0.001°¢
Preop sperm motility rate (%) 35(22.2-47.4) 32.58 (18.89-44.44) 40 (29.82-50) 0.001°
Postop sperm motility rate (%) 44.7 (31.7-56.5) 49.45 (38.22-58.14) 36 (22.68-49.14) <0.001°
) <0.001¢ <0.001¢ 0.034¢
Preop total motile sperm count (x10°) 16 (4.50-33.30) 9.95 (2.43-22.58) 31.20 (17.15-64.50) <0.001°
Postop total motile sperm count (x10°) 30 (12-63) 36.4 (17.4-75.75) 15.84 (6.75-38) <0.001°
P <0.001¢ <0.001¢ <0.001¢

a: Independent sample t-test; b: Mann-Whitney U test; ¢: Wilcoxon signed-rank test

Continuous variables are shown as mean + SD or median (IQR), categorical variables are shown as number (percentage).

FSH: follicle-stimulating hormone; LH: luteinising hormone; SII: systemic immune-inflammation index; WBC:white blood cell

Table 3. Optimal cut-off and sensitivity-specificity values to predict varicocelectomy success
Variables AUC 95% CI Cut-off Sensitivity Specificity PPV NPV
SII 0.766 0.699-0.832 <363.7 60.7% 78.3% 83.1% 52.9%

AUC: Area under curve; CI: Confidence Interval; NLR: Neutrophil-lymphocyte ratio, NPV: Negative predictive value; PPV: Positive predictive

value; SII: Systemic Immune-Inflammation Index
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Table 4 .Univariate and multivariate logistic regression analyses of parameters for predicting varicocelectomy success
Covariates Univariate analysis Multivariate analysis
p OR 95% Cl1 p OR 95% Cl1
Varicocele grade
Grade [ (ref)
Grade II 0.170 0.502 0.188-1.344
Grade III 0.424 1.481 0.565-3.886
Preop sperm concentration <0.001 0.961 0.947-0.977 0.171 0.977 0.946-1.010
Preop total sperm count <0.001 0.985 0.979-0.991 0.257 0.989 0.970-1.008
Preop sperm motility 0.002 0.971 0.953-0.989 0.029 0.959 0.925-0.996
Preop total motile sperm count <0.001 0.960 0.949-0.975 0.566 1.012 0.971-1.055
SII (<363.7) <0.001 5.550 2.818-10.929 <0.001 5.465 2.536-11.777

CI: Confidence interval; OR: Odds ratio; SII: Systemic Immune-Inflammation Index

Covariates with p<0.05 in univariate analysis were entered in a multivariate logistic analysis model, method enter.

recently, Miao et al. [10] identified SII and NLR as independent
predictors of clinical varicocele, further highlighting the role
of systemic inflammation in its pathophysiology. Collectively,
these findings indicate that hematologic inflammatory markers
reflect the underlying oxidative and inflammatory burden and
may provide meaningful insight into the biological processes

associated with varicocele severity.

Predicting the likelihood of postoperative improvement after
varicocelectomy is of clinical importance to aid in patient
counseling, individualized treatment planning, and optimizing
surgical expectations. In the literature, some studies have
aimed to predict postoperative recovery after varicocelectomy,
evaluating various clinical and laboratory parameters.
Preoperative semen characteristics remain the most consistent
predictors of surgical success, with studies showing that patients
with relatively poorer baseline semen profiles often experience
greater postoperative improvement [17-20]. In line with previous
reports, our results demonstrated that the group exhibiting
postoperative improvement had significantly lower preoperative
sperm concentration, motility, total sperm count, and TMSC,
aligning with the predictive patterns reported in the existing
literature. Hormonal markers have also been investigated,
especially follicle-stimulating hormone (FSH) and testosterone;
however, their predictive value has been inconsistent, with some
studies reporting limited utility in forecasting postoperative
outcomes [11,19,21]. Similarly, in our study, no significant
association was identified between preoperative FSH, LH,

or testosterone levels and varicocelectomy success, further

supporting the limited prognostic role of hormonal parameters
in this context. This may be explained by the fact that varicocele-
related testicular dysfunction appears to be driven predominantly
by local oxidative and inflammatory mechanisms. Increased
scrotal temperature, venous stasis, hypoxia, and reactive oxygen
species may disrupt the blood—testis barrier and impair germ-
cell maturation before clinically meaningful alterations become
evident in systemic hormonal parameters. In this context,
inflammation-based markers such as SII may more directly
reflect the biological processes associated with postoperative
spermatogenic recovery.

Beyond semen and hormonal parameters, growing attention
has been directed toward hematologic and inflammation-based
markers as potential tools for predicting surgical outcomes.
Several recent studies have demonstrated that preoperative
inflammatory indices, including the NLR, mean platelet
volume (MPV), monocyte-to-lymphocyte ratio (MLR), and
SII, may reflect the underlying inflammatory burden associated
with varicocele and thus hold prognostic value. For instance,
Ates et al. [22] identified preoperative NLR as a significant
predictor of improvement following microsurgical subinguinal
varicocelectomy, whereas Ghanem et al. [23] evaluated platelet
volume parameters and reported that MPV was significantly
associated with postoperative outcomes. Likewise, Erdogan et
al. [24] investigated the predictive value of preoperative blood
parameters for varicocelectomy success and found that NLR and
MPV levels may serve as useful predictors of surgical success.
In line with these findings, Duran et al. [25] reported that lower
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preoperative NLR and MLR values were significantly associated
with improved postoperative outcomes, reinforcing the potential
utility of inflammation-based hematologic markers as predictors
of varicocelectomy success. As a relatively newer inflammatory
marker, SII has been less extensively investigated in the context
of varicocele, and its association with both disease severity and
postoperative recovery remains insufficiently characterized.
In a recent study evaluating predictors of varicocelectomy
success, Erdogan et al. [26] reported that infertile men who
showed postoperative improvement had significantly lower
preoperative SII levels, and identified an optimal SII cut-off
of 334.6 for predicting surgical success. Similarly, we also
demonstrated that lower preoperative SII values were strongly
associated with improved postoperative semen parameters. The
optimal cut-off identified in our cohort was 363.7, which was
slightly higher than that reported by Erdogan et al. [26]. This
difference between cohorts may be attributable to variations in
study populations, including age, varicocele grade, and baseline
semen characteristics, as well as to laboratory-related factors.
Nevertheless, despite the numerical difference between the two
thresholds, both studies consistently support the overall finding
that lower preoperative SII levels are associated with a greater
likelihood of postoperative improvement after varicocelectomy.
Therefore, these findings support the potential clinical utility
of SII as a preoperative marker, while also suggesting that its
optimal threshold may be context-dependent and requires

further validation in larger multicenter prospective studies.

Limitations

Several limitations of this study should be considered. First,
the retrospective nature of the study may have led to selection
bias. Second, the study population was derived from a single
center and all procedures were performed by a single surgeon,
which may restrict the generalizability of the findings. Third,
although SII reflects systemic inflammatory status, we did not
evaluate additional cytokines or oxidative stress parameters that
could have provided a more comprehensive assessment of the
inflammatory milieu. Finally, pregnancy outcomes were not
assessed, and therefore the impact of SII on natural fertility

remains unknown.

Besides these limitations, the identification of SII as an

independent predictor of varicocelectomy success has
meaningful clinical relevance. As a routinely available, low-cost
hematologic parameter, SII may serve as a practical adjunct in

preoperative counseling to help identify patients who are more
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likely to benefit from surgical intervention. In particular, a
preoperative SII value of < 363.7 may support a more favorable
expectation of postoperative semen improvement, whereas
higher values may warrant a more cautious discussion regarding
the likelihood of benefit. However, SII should not be used as a
standalone criterion for recommending or withholding surgery;
rather, it should be interpreted together with conventional semen
parameters, clinical findings, and the overall infertility profile.
Integrating SII with conventional semen analysis may enable a
more accurate and individualized estimation of postoperative

improvement.

CONCLUSION

This study demonstrates that the SII is an independent and
meaningful predictor of postoperative improvement in semen
parameters after microsurgical subinguinal varicocelectomy.
Lower preoperative SII values were strongly associated with
better postoperative outcomes, highlighting the influence of
systemic inflammation on spermatogenic recovery. As a simple,
low-cost, and widely available hematologic parameter, SII may
serve as a practical adjunct in preoperative assessment. Further
prospective studies are needed to confirm these results and
clarify the clinical utility of SII in guiding varicocelectomy

decision-making.
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ABSTRACT

Objective: Idiopathic intracranial hypertension (IIH) is characterized by elevated
intracranial pressure in the absence of any underlying structural cause. Functional
constipation (FC), by increasing intra-abdominal pressure, may influence intracranial
pressure dynamics. This study aimed to compare the prevalence of FC in patients with
IIH versus healthy controls, and to investigate clinical differences between ITH patients
with and without FC.

Methods: This cross-sectional case-control study included 54 patients diagnosed
with ITH and 64 healthy controls. FC was assessed according to the Rome IV criteria.
Headache severity at presentation was evaluated using the Visual Analog Scale (VAS),
and depressive symptoms were measured with the Beck Depression Inventory (BDI). In
IIH patients, cerebrospinal fluid (CSF) opening pressure, body mass index (BMI), the
presence of papilledema, and peripheral visual field defects were recorded.

Results: The prevalence of FC was significantly higher in the IIH group (53.7%)
compared with controls (10.9%) (p<0.001). No significant associations were found
between FC and BMI, CSF opening pressure, papilledema, or visual field loss in ITH
patients. However, patients with FC had significantly higher VAS scores at presentation
(p<0.001). In the regression model including selected clinical variables, higher VAS
scores were associated with FC; however, residual confounding cannot be excluded
(OR=3.76, 95% CI: 1.85-7.65, p<0.001).

Conclusion: Functional constipation is common in patients with ITH and is associated
with greater headache severity. These findings highlight a potential role of the gut—brain
axis in IIH pathophysiology, warranting further investigation in future studies.

Keywords: case-control study, functional constipation, gut-brain axis, headache

severity, idiopathic intracranial hypertension
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INTRODUCTION

Idiopathic intracranial hypertension (IIH) is a disorder
characterized by elevated intracranial pressure in the absence of
an identifiable intracranial mass or other central nervous system
pathology. Clinical manifestations, including headache, visual
impairment, and pulsatile tinnitus, can substantially reduce
quality of life, and in advanced cases, the condition may result
in significant visual dysfunction [1]. The reported prevalence
of idiopathic intracranial hypertension (ITH) in the general
population ranges between 0.5 and 2 per 100,000 individuals,
with a notably higher incidence observed in obese women of

reproductive age [2].

Several mechanisms have been proposed in its pathophysiology,
including disturbances in cerebrospinal fluid (CSF) dynamics,
increased pressure in the venous sinuses, obstruction of CSF
drainage, and, more recently, dysfunction of the glymphatic
system. The striking association of the disease with obesity and
female sex also suggests that hormonal and metabolic factors
may play an important role in its pathophysiology. However,
none of the current theories fully explain the entire clinical
spectrum of the disease, and the underlying causes of IIH
remain largely unclear [1-3]. The mainstay of treatment for ITH
is weight reduction and the use of carbonic anhydrase inhibitors
to decrease CSF production. In advanced stages, patients may
undergo shunt surgery, optic nerve fenestration, or venous sinus

stenting [4].

Main Points

» Functional constipation is significantly more prevalent
in patients with idiopathic intracranial hypertension

compared with healthy controls.

+ Idiopathic intracranial hypertension patients with

functional constipation experience more severe

headaches at presentation.

» Functional constipation is not associated with
cerebrospinal fluid opening pressure, papilledema,
body mass index, or visual field defects in idiopathic

intracranial hypertension.

* The
constipation and headache severity highlights the

observed association between functional
potential relevance of gut-brain interactions in

idiopathic intracranial hypertension.
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Constipation is a common symptom characterized by difficulty
in defecation or insufficient bowel movements [5]. Chronic
constipation affects 10—-15% of the general population and is
classified into four subtypes according to the Rome IV criteria:
functional constipation, constipation-predominant irritable
bowel syndrome, opioid-induced constipation, and functional
defecation disorders [6]. Functional constipation, defined
as a chronic subtype of constipation without structural or
biochemical causes and without accompanying abdominal pain,
has a global prevalence of 10.1% according to Rome IV criteria.
Earlier Rome criteria reported higher rates in women, a feature
that shows similarities with idiopathic intracranial hypertension
[7,8]. Although disturbances in the gut-brain axis are thought
to play a role in the development of functional constipation,
the underlying mechanisms remain poorly understood [6]. It
has been reported in the literature that short-term increases in
CSF pressure may occur due to Valsalva maneuvers [9], but the
effects of such maneuvers on intracranial pressure physiology
in humans are still not fully understood [10]. Clinically, our
observation that a significant proportion of ITH patients complain
of constipation makes the investigation of the role of functional

constipation in this patient group clinically meaningful.

This study aimed to investigate the relationship between
functional constipation and idiopathic intracranial hypertension
(ITH). In addition, ITH patients with and without functional
constipation were compared to identify clinical factors
potentially associated with functional constipation and to

indirectly explore possible links between these conditions.

MATERIALS AND METHODS

This cross-sectional case-control study was conducted at the
Neurology Outpatient Clinic of Ankara Bilkent City Hospital
between April 1, 2023, and July 1, 2023. It included patients who
were diagnosed with idiopathic intracranial hypertension (IIH)
based on the Modified Dandy criteria, along with a control group
of individuals without any neurological disease [11]. A total of
118 volunteers aged 18—65 years were enrolled, consisting of
54 patients with ITH and 64 healthy controls. Individuals with
known gastrointestinal diseases or those on regular opioid
therapy were excluded. The study was carried out in compliance
with the ethical principles outlined in the Declaration of
Helsinki. Approval was obtained from the Ethics Committee
No. 1 of Ankara Bilkent City Hospital (Desicion Number: El1-
23-3497, Date: October 4, 2023), and informed consent was
obtained from all participants before inclusion. Demographic
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characteristics, including age, sex, comorbidities, and BMI,
were recorded, and the presence of functional constipation was
assessed. Functional constipation was evaluated according to the
Rome IV criteria. These criteria assess six symptoms: straining
during at least 25% of defecations; lumpy or hard stools in at
least 25% of defecations; sensation of incomplete evacuation in
at least 25% of defecations; sensation of anorectal obstruction;
manual maneuvers to facilitate defecations (e.g., digital
evacuation or pelvic support) in at least 25% of defecations; and
fewer than three spontaneous bowel movements per week. A
diagnosis of functional constipation requires the presence of at
least two of these six symptoms during the last three months,
with symptom onset at least six months prior [12]. In the ITH
group, cerebrospinal fluid (CSF) opening pressure, the presence
of papilledema, peripheral visual field defects on visual field
testing, body mass index (BMI), and treatment modalities were
recorded. Headache severity was assessed in all participants
using the Visual Analog Scale (VAS), and depressive symptoms
were evaluated with the Beck Depression Inventory (BDI).
The relationship between functional constipation and these
scales was analyzed in patients with IIH. Detailed information
regarding dietary habits, physical activity, laxative use, and non-

ITH medications was not systematically collected.

Statistical Analysis
Statistical analyses were conducted using IBM SPSS Statistics

software (version 27.0). Descriptive data were presented as

Kostakoglu Duman C, et al.

frequencies and percentages for categorical variables, and as
mean + standard deviation, median, minimum-maximum
values, and interquartile range (Q1-Q?3) for continuous variables.
The normality of continuous variables was assessed using the
Kolmogorov—Smirnov and Shapiro—Wilk tests. Comparisons
between categorical variables were performed using the chi-
square test, whereas continuous variables were compared
with the Mann—-Whitney U test. Binary logistic regression
analysis was applied to determine the impact of potential risk
factors on the dependent variable. The variables included in the
regression model were BMI, CSF opening pressure, presence
of papilledema, peripheral visual field defects, BDI score,
VAS score, and treatment modality. A p-value of < 0.05 was

considered statistically significant.

RESULTS

A total of 118 participants were included in the study, comprising
54 patients diagnosed with idiopathic intracranial hypertension
(ITH) and 64 healthy controls. In the patient group, 92.6% (n=50)
were female, whereas 87.5% (n=56) of the control group were
female. The mean age was 39.72 = 10.91 years in the patient
group and 37.59 + 11.83 years in the control group. There
were no statistically significant differences between groups in
terms of sex and age (p=0.362, p=0.213). The mean body mass
index (BMI) was slightly higher in the IIH group than in the
control group; however, this difference did not reach statistical
significance (p = 0.152) (Table 1).

Table 1. Distribution of demographic characteristics and functional constipation status in the patient and control groups

Variable IIH Patients (n=54) % Controls (n=64) % p-value
Sex, n (%)

Male 4 7.4 8 12.5 0.362
Female 50 92.6 56 87.5 0.632
Age groups, n (%)

18-29 years 15 27.8 26 40.6

30-39 years 13 24.1 11 17.2

40-49 years 13 24.1 14 21.9

50-59 years 11 20.4 10 15.6

60—65 years 2 3.7 3 4.7

Age (years) 39.72 +10.91 (24-60) 37.59 + 11.83 (24-64) 0.213
Body Mass Index (BMI) 31.58 £ 6.39 (19.8-51.5) 30.08 +£4.93 (19.6-42.1) 0.152
Functional Constipation

Present 29 53.7 7 10.9 <0.001

Values are given as n (%), mean + SD (min—-max). Chi-square test and Mann—Whitney U test were used, p<0.050 was considered significant
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The prevalence of functional constipation (FC) was significantly
higher in the ITH group (53.7%) compared with the control group
(10.9%) (p<0.001) (Figure 1).

The median CSF opening pressure in the IIH group was 34
cmH20. Among the patients, 13.0% had pressures between
20-25 cmH-20, 14.8% between 25-29 ¢cmH20, 38.9% between
30-39 cmH:0, 22.2% between 40—49 cmH-20, and 11.1% had
pressures > 50 cmH20. The mean BMI was 31.58 + 6.38; 14.8%
of patients were within normal limits, 31.5% overweight, 27.8%
with class I obesity, 16.7% with class II obesity, and 9.3% with
class III obesity (Table 2).

Papilledema was present in 83.3% of patients, and peripheral
visual field loss in 51.9%. The mean VAS score was 5.77 +2.63,
while the mean BDI score was 15.83 + 9.75. Depression severity
was minimal in 33.3% of patients, mild in 27.8%, moderate in
24.1%, and severe in 13.0%. Regarding comorbidities, 57.4% of
patients had no additional disease, 5.6% had hypertension (HT),
1.9% had iron-deficiency anemia, 1.9% hypothyroidism, 3.7%
diabetes mellitus (DM), and 3.7% asthma. In the control group,
7.8% had HT, 7.8% hypothyroidism, and 4.6% asthma, while
none had DM. In terms of treatment modalities, 57.4% of patients
were on acetazolamide, 5.5% on topiramate, 11.1% on combined
acetazolamide and topiramate, and 5.5% had undergone

Table 2. Distribution of CSF opening pressure and body mass
index (BMI) in the patient group

Kostakoglu Duman C, et al.

ventriculoperitoneal shunt surgery. The remaining 20.3% had

not received any medical or surgical treatment (Figure 2).

Hypothyroidism was more common in patients without FC,
whereas hypertension was more common in those with FC.
However, there was no statistically significant difference between
the groups regarding comorbid HT (p=0.516) or hypothyroidism
(p=0.113). Similarly, no significant differences were observed
between FC and non-FC patients with respect to CSF opening
pressure, BMI, or presence of papilledema (p=0.363, p=0.294,
p=0.113). Although peripheral visual field defects were more
frequent in IIH patients with FC than in those without FC, the
difference was not statistically significant (p=0.599). There
was no significant difference in BDI scores between the groups
(p=0.908); however, VAS scores were significantly higher in the
FC group (p < 0.050) (Table 3).

According to the logistic regression analysis performed to
evaluate independent variables associated with FC in the patient
group, BMI, papilledema, peripheral visual field defects, CSF
opening pressure, BDI score, and treatment modality had no
significant effect on FC status (p > 0.050). In contrast, each
1-point increase in VAS score was associated with a 2.74-fold
higher likelihood of FC (OR=2.749, 95% CI: 1.664—4.542, p <
0.001) (Table 4).

Values are given as n (%). Median: interquartile range (Q1-Q3), mean
+ SD (min—-max).
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Variable n=54 % Prevalence of Functional Constipation (FC)
CSF opening pressure (cmH:0) — median (Q1-Q3) 53.7%

0-25 7 13.0 S0r

25-29 8 14.8 g a0t

30-39 21 38.9 S

40-49 12 22.2 § 30

>50 6 11.1 § 20}

Body Mass Index (BMI) 10.9%

Normal 8 14.8 |

Overweight 17 315 0 Patient Group Control Group
Class I obesity 15 27.8

Class II obesity 9 16.7

Class III obesity > 93 Figure 1. The graph shows the prevalence of functional

constipation (FC), which was 53.7% in the patient group and
10.9% in the control group (p<0.001).
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Distribution of Treatment Modalities in the Patient Group

No Treatment

VP Shunt Surgery

20.3%

5.5% Acetazolamide + Topiramate

11.1%

Topiramate

57.5%

Acetazolamide

Figure 2. Distribution of Treatment Modalities in the Patient
Group. Most patients (57.4%) received acetazolamide. Other
treatment included topiramate (5.5%), combined acetazolamide
and topiramate (11.1%), and ventriculoperitoneal shunt surgery

(5.5%). No treatment was given in 20.3% cases.
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DISCUSSION

The present study investigated the relationship between
functional constipation (FC) and idiopathic intracranial
hypertension (IIH), with particular focus on whether FC is
associated with the severity of symptoms, including headache
and visual impairment. Our findings revealed that the
prevalence of FC was significantly greater in the IIH group than
in the healthy control group. Moreover, I1H patients with FC
had significantly higher headache severity, as assessed by VAS

scores, than those without FC.

Although IIH was initially described as a condition affecting
primarily the neuro-ophthalmic axis, in recent years it has been
reconsidered as a possible metabolic disorder. More than 95% of
patients diagnosed with IIH are obese women of reproductive
age [13]. While the role of obesity in the pathophysiology
of ITH has not been fully elucidated, it supports the potential
contribution of metabolic factors to disecase development.

However, given that obesity is common while ITH is relatively

Table 3. Comparison of CSF opening pressure, BMI, papilledema, peripheral visual field defect, comorbidities, VAS, and BDI scores

in ITH patients with and without functional constipation

Variable FC absent (n=25) FC present (n=29) p-value
CSF opening pressure (cmH:0), n (%)
0-25 1(14.3) 6(85.7)
25-29 4 (50.0) 4 (50.0)

0.363
30-39 11 (52.4) 10 (47.6)
40-49 7(58.3) 5(41.7)
=>50 2(33.3) 4 (66.7)
BMI categories, n (%)
Normal 3(37.5) 5(62.5)
Overweight 8(47.1) 9 (52.9)

0.294
Class I obesity 5(33.3) 10 (66.7)
Class II obesity 7(77.8) 2(22.2)
Class III obesity 2 (40.0) 3 (60.0)
Papilledema, n (%) 23 (92.0) 22 (75.9) 0.113
Peripheral Visual field defect, n (%) 12 (48.0) 16 (55.2) 0.599
Hypertension, n (%) 5(20.0) 8(27.6) 0.516
Hypothyroidism, n (%) 4(16.4) 134 0.113
VAS score, median (Q1-Q3) 3 (2.5-5) 8 (6.5-9) <0.001
BDI score, median (Q1-Q3) 15 (7-24) 14.5 (9-22) 0.908

Values are given as n (%), median (Q1-Q3). Chi-square test and Mann—Whitney U test were used, p<0.050 was considered significant. p values

represent overall comparisons between categorical groups.
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Table 4. Logistic regression analysis of factors associated with functional constipation in patients with idiopathic intracranial

hypertension
Variable B Std. Error p-value OR = Exp(B) 95% CI
BMI
Normal (ref) —-0.095 0.319 0.766 1.100 -
Overweight —0.393 0.877 0.654 0.675 0.121-3.767
Class I obesity 0.182 0913 0.842 1.200 0.201-7.182
Class II obesity —-1.764 1.085 0.104 0.171 0.020-1.436
Class III obesity —0.105 1.169 0.928 0.900 0.091-8.899
Papilledema
Absent (ref) 0.604 0.428 0.158 1.830 -
Present -1.297 0.855 0.129 0.273 0.051-1.461
Peripheral visual field defect
Absent (ref) 0.144 0.274 0.599 1.155 -
Present 0.288 0.547 0.599 1.333 0.456-3.899
CSF opening pressure (cmH:0)
0-25 (ref) 0.411 0.344 0.232 1.508 -
25-29 -1.792 1.291 0.165 0.167 0.013-2.093
30-39 —-1.887 1.165 0.105 0.152 0.015-1.487
40-49 -2.128 1.229 0.083 0.119 0.011-1.323
>50 -1.099 1.384 0.427 0.333 0.022-5.027
VAS score 1.011 0.256 <0.001 2.749 1.664-4.542
BDI score —0.003 0.028 0.907 0.997 0.943-1.054
Treatment modality
None (ref) 0.141 0.412 0.732 1.151 -
Acetazolamide only 0.376 0.705 0.593 1.457 0.366-5.801
Topiramate only —0.511 1.366 0.708 0.600 0.041-8.732
Acetazolamide + Topiramate 0.875 1.057 0.407 2.400 0.303-19.041
Shunt surgery 0.875 1.366 0.522 2.400 0.165-34.928

Ref = reference category. OR = odds ratio; CI = confidence interval. Binary logistic regression analysis was performed. p < 0.050 was considered

statistically significant.

rare, the relationship between the two conditions is complex
[3,14]. Similarly, higher rates of obesity have also been reported
among individuals with FC. Wang et al. demonstrated in
a recent meta-analysis that functional constipation (FC) is
associated with an elevated risk of obesity in children, especially
in developed countries. Accordingly, the higher rate of FC
observed in patients with IIH in our cohort may, at least in part,
be related to obesity as a shared predisposing factor [15]. Thus,

this study represents the first to demonstrate an association
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between FC and IIH. The question arises as to whether the
relationship between FC and IIH is mediated solely through
obesity or represents an independent association. Although we
found a significant association between IIH and FC, no such
relationship was observed between BMI and FC. In our study,
the mean BMI was greater in the IIH patient group; however,
the comparison between the ITH and healthy control groups did
not reveal a statistically significant difference. These findings

suggest that this association may be independent of obesity.
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The predominance of both conditions in women also raises the

possibility of hormonal and neuroendocrine mechanisms [16].

Although disturbances in the gut-brain axis are thought
to play a role in FC, the underlying mechanisms remain
incompletely understood. Current evidence suggests that
visceral hypersensitivity, sensorimotor dysfunction, delayed
colonic transit, and altered central nervous system perception

may contribute to this condition [6].

One possible explanation could be that repetitive straining may
transiently influence intracranial venous dynamics; however,
this hypothesis cannot be tested within a cross-sectional design
[17]. Chronic constipation may exacerbate abdominal strain and
Valsalva-like maneuvers, impair venous return, and thereby
adversely affect intracranial venous drainage, potentially
contributing to increased intracranial pressure [18]. In our study,
peripheral visual field loss, an indicator of elevated intracranial
pressure, was more frequent in IIH patients with FC than in
those without FC, although this difference was not statistically
significant. Similarly, no significant relationship was observed

between FC and CSF opening pressure or papilledema.

The finding that VAS scores were significantly higher in patients
with FC suggests that FC may be associated with headache
severity in IIH, or that FC may exacerbate headache in these
patients. These findings should be interpreted with caution, as the
cross-sectional design precludes any causal inference. Previous
studies have shown that headaches worsening with coughing or
straining and improving after CSF drainage are indicative of
intracranial hypertension [19]. This observation may support the
hypothesis that repetitive straining maneuvers, as observed in
FC, could contribute to increased headache severity. In addition,
headache severity itself may contribute to constipation through
reduced physical activity or medication use. On the other hand,
although depression is known to be associated with FC, our
study found no significant difference in BDI scores between
patients with and without FC [20]. Although weight loss remains
the cornerstone of IIH treatment, acetazolamide and topiramate
are frequently used medical options [21]. Both agents may
have some effects on the gastrointestinal system; however, the
analysis revealed no significant association between functional
constipation (FC) and the treatment modality used in the study

population.
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Limitations

This study has some limitations. The cross-sectional case—
control design limits the ability to establish a causal relationship
between the variables examined. It remains unclear whether FC
in IIH is a cause, a consequence, or merely a co-occurrence.
Moreover, the subdivision of patients into FC and non-FC
groups reduced the statistical power due to smaller subgroup
sizes. Additionally, the use of self-reported questionnaires to
assess FC according to the Rome IV criteria may introduce
the risk of misclassification, as no objective measures, such as
rectal examination or colonic transit studies, were performed.
Headache severity itself may represent an important confounder,
as severe headache can reduce physical activity, alter dietary
patterns, and contribute to functional bowel symptoms.
Similarly, medications commonly used in IIH or headache

management may influence gastrointestinal motility.

CONCLUSION

This study draws attention to the previously unexplored
association between idiopathic intracranial hypertension and
functional constipation, providing new contributions to the
literature. We demonstrated that the prevalence of FC was
significantly higher in individuals with IIH compared with
healthy controls. Although FC was not directly associated with
IIH-specific parameters such as body mass index, cerebrospinal
fluid opening pressure, papilledema, or peripheral visual field
defects, headache severity was significantly higher in patients
with FC. This finding suggests that constipation may adversely
affect the symptomatology of IIH. The observed association
raises the possibility of shared pathophysiological mechanisms,
such as visceral hypersensitivity, autonomic dysfunction, or
gut-brain axis disturbances. Clinicians should be aware of
this relationship when developing follow-up and treatment
strategies for patients with ITH. Importantly, due to the cross-
sectional nature of the study, directionality and causality
cannot be established, and headache severity itself may also
influence bowel habits. Therefore, further prospective studies
incorporating objective neurogastroenterological assessments
are warranted to better elucidate the relationship between ITH
and FC.
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ABSTRACT

Objective: Juvenile idiopathic arthritis (JIA) often presents with pain, fatigue, and
restricted mobility, disrupting daily functioning in pediatric patients. Sleep disturbances
are recognized as significant contributors to both well-being and disease progression.
However, the relationships among sleep patterns, circadian preferences, and physical
activity in children with JIA remain insufficiently characterized. This study seeks to
clarify these associations by comparing children with JIA to healthy controls.

Methods: Eighty-five participants aged 8 to 17 years were included, comprising 39
children diagnosed with JIA and 46 healthy controls matched for age and sex. Sleep
patterns were assessed using the Children’s Sleep Habits Questionnaire, and chronotype
was assessed using the Childhood Chronotype Questionnaire. The PAQ-C and PAQ-A
instruments measured Physical activity levels. Group differences were analyzed, and
regression models were applied to identify factors associated with sleep disturbances.
Results: Children with JIA had poorer sleep quality, particularly requiring more time
to initiate sleep. Chronotype distribution and physical activity levels did not differ
significantly between groups. Notably, use of electronic devices for at least 30 minutes
before bedtime was significantly associated with poorer sleep quality, whereas a diagnosis
of JIA was not an independent predictor after adjustment.

Conclusion: Sleep disturbances in children with JIA are influenced more by modifiable
lifestyle factors than by the disease itself. Interventions targeting behaviors such as
screen time before bedtime may improve sleep quality and should be incorporated into

clinical management strategies.

Keywords: chronotype, juvenile idiopathic arthritis, pediatrics, physical activity, sleep

disturbances
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INTRODUCTION

Sleep is essential for physical growth, emotional regulation,
cognitive development, and an appropriate immune response
in children. Insufficient or disrupted sleep may lead to mood
disturbances, metabolic dysfunction, and impaired academic
achievement [1,2]. In adolescence, physiological alterations
upon biological rhythms commonly delay sleep patterns, and

triggering sleep-related difficulties [3].

A range of daily habits can contribute to sleep disturbances.
Screen exposure before bedtime, artificial lighting at night, and
consumption of stimulants can delay sleep onset and reduce sleep
quality. These behaviors may disperse the arrangement between

biological rhythms and daily routines [4—6].

In children with chronic illnesses, sleep problems may be even
more seen. Juvenile idiopathic arthritis (JIA), the most common
chronic rheumatic disease in childhood, is characterized by
persistent inflammation and symptoms such as pain and fatigue.
These factors can mediate both sleep and daytime functioning

negatively [7].

Circadian rhythms are also closely linked to immune system
regulation. Fragmentation of these rhythms has been associated
with modification in inflammatory processes, suggesting a

possible bidirectional relationship between sleep and disease

Main Points

» Patients diagnosed with juvenile idiopathic arthritis
(JIA) exhibit reduced sleep quality, characterized by
prolonged sleep onset and increased frequency of

arousals, compared to healthy peers.

» Chronotype distribution and social jet lag are similar
between JIA patients and healthy controls, suggesting
circadian preference is not significantly altered by
disease.

» Physical activity levels are comparable between JIA
and healthy children, indicating exercise participation

is not reduced despite disease-related symptoms.

» Behavioral factors, especially pre-bedtime exposure to
electronic devices, are independently associated with
sleep disturbances, highlighting targets for modifiable
lifestyle interventions.

Perk P, et al.

activity [8]. While such interactions have been explored in adults
with rheumatic diseases, research focusing on children remains

limited.

Another important topic is chronotype, which refers to an
individual’s natural preference for activity and sleep timing within
a 24-hour cycle [9]. Although chronotype has been extensively
studied in healthy populations, its role in children with chronic

inflammatory conditions such as JIA remains unclear.

Physical activity is a key factor influencing both sleep and overall
health. Regular exercise improves sleep quality, metabolic
health, and psychological well-being [10]. In children with
JIA, physical activity can enhance muscle strength and quality
of life, although symptoms such as pain and fatigue may limit
participation [11]. Given these considerations, further research
is warranted to examine sleep, circadian patterns, and physical
activity concurrently in children with JIA. Understanding the
interactions among these factors may help identify modifiable

behaviors to improve sleep and health outcomes.

MATERIALS AND METHODS

Study Population

We organized this cross-sectional study between April and
November 2024 in pediatric outpatient clinics. Eighty-five
participants aged 8—17 years were enrolled. The study group
comprised 39 children diagnosed with juvenile idiopathic
arthritis. The control group consisted of 46 healthy children
without chronic diaseses or regular taking medication, matched
for age and sex. Participants presenting with non-chronic
complaints were enrolled. Data collection was conducted in a
quiet clinical setting, with researcher support available as needed.
Ethical approval was obtained from the Ethics Committee
of Bagaksehir Cam and Sakura City Hospital (Decision No.
KAEK-156, February 28, 2024), and written informed consent
was obtained from all participants and their guardians.

Assessment of Sleep and Circadian Rhythm

Sleep patterns and circadian characteristics were evaluated by
using two standardized questionnaires called as the Children’s
Sleep Habits Questionnaire (CSHQ) and the Childhood
Chronotype Questionnaire (CCTQ) [12,13]. The CSHQ assesses
sleep-related behaviors over the previous six months, addressing
domains such as difficulties in sleep initiation and maintenance,
breathing-related sleep problems, arousal disorders, sleep—wake

transition issues, daytime sleepiness, and night sweating [14].
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Each item is rated on a Likert-type scale, with higher scores

indicating greater sleep disturbance.

Chronotype was evaluated using the CCTQ, which collected
information on usual bedtime, wake-up time, and total sleep
duration, as well as preferences for morning or evening activity
[13]. Based on these responses, participants were categorized
as morning, intermediate, or evening types [15,16]. To further
assess circadian misalignment, social jet lag was calculated as
the difference between weekday and weekend sleep timing, with
a discrepancy of more than two hours considered indicative of

social jet lag.

Assessment of Physical Activity

The Physical Activity Questionnaire for Children (PAQ-C) and
Adolescents (PAQ-A) evaluated physical activity. These tools
assess general levels of physical activity over the previous seven
days [17].

The questionnaires contain items related to participation in sports
and physical activities during school hours, in physical education
classes, during lunch breaks, after school, in the evenings, and on
weekends [18-20]. Based on the overall scores, physical activity
levels were categorized as low (<2), moderate (>2 to <3), or high
(>3). The whole questionnaire has been validated and is widely

used to assess physical activity in pediatric populations [21,22].

Statistical Analysis

IBM SPSS Statistics version 23 was used to analyze the
parameters of our study. Continuous variables were summarized
as mean and standard deviation, while categorical variables were

expressed as counts and percentages.

Group comparisons were performed using appropriate parametric
and non-parametric tests. Correlation and regression analyses
were used to explore associations and identify predictors of sleep
disturbance. A p-value below 0.05 was considered statistically

significant.

RESULTS

Demographic Characteristics

Eighty-five participants, including 39 children with juvenile
idiopathic arthritis (JIA) and 46 healthy controls, were admitted.
The mean ages and gender distribution were comparable between
the groups (Table 1). No statistically significant differences were

found in baseline characteristics such as age, sex, birth order, or
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number of siblings (Table 1). Questionnaire completion patterns
were consistent across groups, indicating similar engagement

and response reliability.

Sleep Habits and Daily Routines

Sleep-related routines were generally similar between groups.
However, a difference was observed in weekday waking patterns:
children in the control group more frequently relied on alarm
clocks, while those with JIA tended to wake spontaneously or

with assistance from family members (Table 2).

Other parameters, including bedtime, wake-up time, daytime
napping, and subjective daytime sleepiness, did not differ
significantly between groups (Table 2). Similarly, reported intake
of caffeinated beverages and pre-sleep screen exposure were

comparable.

However, sleep onset latency showed a consistent pattern:
children with JIA required more time to fall asleep on both

weekdays and weekends.

Sleep Disturbance Scale

Total sleep disturbance scores were higher in the JIA group,
indicating overall poorer sleep quality. The median total
Sleep Disturbance Scale score was 44 (IQR 35-51) in the JIA
group and 48 (IQR 41.25-60.50) in the control group, with a
statistically significant difference (p = 0.039) (Table 2). Although
the magnitude of the difference was not large, it was statistically
significant. When subdomains were considered individually,
children with JIA showed fewer problems related to arousal
compared to controls. Other domains, including sleep initiation,
maintenance, and daytime sleepiness, did not differ significantly
between groups (Table 2). Only a small proportion of participants
met criteria suggesting a need for clinical follow-up, and this

distribution was similar in both groups.

Chronotype and Social Jet Lag

Chronotype patterns were nearly identical between groups (p =
0.947 and p = 1,000, respectively) (Table 2). Most children were
categorized as either morning or intermediate types, with no
participants in the JIA group classified as evening type. Social jet
lag was common in both groups, without significant differences
(»p = 0.507). These findings indicate that variations in sleep
timing between weekdays and weekends are typical of this age
group rather than specific to JIA (Table 2).
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Table 1. Demographic Features of Participants in The Study*

Perk P, et al.

Parameters Patients Group (39) Healthy Group (46) P
Gender (n, %)
Female 24 (61.5%) 27(58.7%) 0.827
Male 15(38.5%) 19(41.3%)
Age, mean+SD 12.77 £2.86 12.11£3.30
Age categories (years) (n, %)
8-11 years 16 (41%) 19 (41.3, %) 0.913
12-15 years 14 (36, %) 18 (39.1, %)
15-18 years 9 (23, %) 9 (19.6, %)
Being only child (n, %) 3(7.7%) 2 (4.3%) 0.657
Birth Rank, median (min -max) 2(1-9) 2 (1-5) 0.248
Number of children in the family, median (min -max) 3(1-9) 3 (1-8) 0.152
The respondent (n, %)
Mother 24 (61.5%) 34 (74%)
Father 8(20.5%) 6 (13%) 0.468
Others 7 (18%) 6 (13%)
*Student-t test and Mann-Whitney U test. p < 0.05 is considered statistically significant, SD: standard deviation.
Table 2. Sleep Habits and Daily Routines Features*
Parameters Patient Group (39) | Control Group (46) P
Sleep Disturbance Scale, median (IQR 25-75) 44 (35-51) 48 (41.25-60.50) 0.039
Disorders of arousal (subscale), median (IQR) 3(34) 4 (3-7) 0.033
Sleep onset latency (min) — Weekdays, median (IQR) 20 (15-30) 15 (10-30) 0.027
Sleep onset latency (min) — Weekends, median (IQR) 15 (15-30) 15 (10-16.25) 0.027
Coffee-cola consumption 33 (84.6%) 35 (76%) 0.418
Presence of electronic device exposure at least 30 minutes before bedtime 15 22 0.511
Score 0 6 1
Score 1 16 26
Waking up time on weekdays Score 2 6 3
Likert Score 0.175
Score 3 3 4
Score 4 3 4
Score 5 1 3
Waking up style
Automatically 20 (51.3%) 17 (37%) 0.048
Being woken up by someone 19 (48.7%) 23 (50%)
Alarm Clock 0 6 (13%)
Taking regular naps 5 11 0.267
On weekdays, how many minutes does it take for her/him to wake up on her/ ) ) ) 0.935
him own?
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Table 2. Sleep Habits and Daily Routines Features*
Score 0 0 0
Score 1 1 0
Bedtime on weekdays Score 2 1 5
Likert Score Score 3 8 8 0508
Score 4 12 12
Score 5 17 21
Sleep time during the week median (IQR25-75) 20 (15-30) 15 (10-30) 0.027
Mid-week
Morning type 27 (69%) 29 (63%) 0.947
Intermediate type 12 (31%) 15 (32.6%)
Evening type 0 2 (4.4%)
Score 0 1 0
Score 1 3 1
Weekend wake-up time Score 2 3 6
Likert Score Score 3 7 7 0709
Score 4 11 15
Score 5 14 17
The number of people who wake up in the morning and then go back to sleep 7 (17.9%) 6 (13%) 0.560
Weekend: How long does it take for her/him to wake up on her /him own? 15 (1-30) 15 (10-30) 0.886
Number of participants taking naps on the weekend, n, % 3 (7.6%) 4 (8.6%) 1
Score 0 0 0
Score 1 0 0
Weekend bedtime Score 2 0 5
Likert Score 0.636
Score 3 5 6
Score 4 8 12
Score 5 26 26
Weekend
Morning Type 7 (17.9%) 8 (17.3%) .
Intermediate Type 32 (82,1%) 38(82.7%)
Evening Type 0 0
Weekend falling asleep time in minutes, median (IQR25-75) 15 (15-30) 15 (10-16.25) 0.027
Presence of social jet lag 21 (53.8%) 29 (63%) 0.507
Sleep Disturbance Scale (total score according to Likert score)
Low risk 37 (94.8%) 44(95.6%) 0.781
Follow up carefully 1(2.6%) 2 (4.4%)
Definitive clinical evaluation 1 (2.6%) 0

* Mann-Whitney U test, p < 0.05 is considered statistically significant, IQR: interquartile range. Higher scores indicate greater sleep

disturbance
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Physical Activity

Physical activity levels did not differ significantly between
children with JIA and healthy controls (p =0.171 and p = 0.614,
respectively) (Table 3). Both overall scores and categorical
distributions were comparable. These findings suggest that,
within this cohort, JIA did not limit participation in daily physical

activities.

Regression Analysis

Regression analysis identified behavioral factors as more
relevant than clinical diagnosis in explaining sleep disturbance
scores (Table 4). In particular, screen exposure before bedtime
was associated with worse sleep outcomes (F = 3,343, p =0.014)
and explained 14.3% of the variance (R?=0.143). In contrast, the
presence of JIA was not an independent predictor after adjusting

for other variables.

DISCUSSION

Juvenile idiopathic arthritis is a chronic condition that affects
multiple aspects of a child’s daily life, including energy levels,
emotional well-being, and sleep [7,23,24]. The present study
identified that children with JIA experience reduced sleep

Table 3. Analysis of PAQ-C and PAQ-A in study groups*

Perk P, et al.

quality, characterized by prolonged sleep onset and increased

sleep fragmentation.

These results align with previous research indicating that
sleep difficulties are prevalent among children with chronic
[7,25,26].

include persistent pain, low-grade inflammation, fatigue, and

inflammatory  conditions Contributing  factors
psychological stress, all of which may disrupt sleep patterns
[7,26]. Although total sleep duration may be sufficient, sleep
quality can remain impaired. Notably, circadian preferences were
similar between children with JIA and healthy controls. Most
participants in both groups exhibited morning or intermediate
chronotypes, and the prevalence of social jet lag was comparable.
These findings suggest that circadian timing in children is
influenced primarily by developmental stage and daily routines

rather than by chronic disease status.

The role of circadian rhythms in inflammatory diseases has
garnered growing interest in recent years. Biological clock
mechanisms are known to interact with immune pathways, and
disturbances in these rhythms may influence disease activity.

Nonetheless, evidence regarding these interactions in pediatric

Parameters Patient Group (39) Control Group (46) P
Physical Activity Scale,

16/23 17/29 0.824
PAQ-A/PAQ-C n, %
Average physical activity score median (min-max) 2.44 (0-5) 2.11 (0-5) 0.171
Physical activity scores
<2 points 13 21 0.248
>2 points 26 25

*Chi-square test and Mann-Whitney U test. p < 0.05 is considered statistically significant,

Table 4. Multivariable linear regression analysis of factors associated with sleep disturbance scores

Variable Unstandartized B Std. Error Standardized T p
Constant 54.188 6.707 - 8.709 <0.001
Group (JIA vs Healthy Group) -5.392 2.929 -0.193 -1.841 0.069
Electronic device exposure (> 30 min) -8.835 3.014 -0.314 -2.931 0.004
Coffee/ Cola consumption (yes or no) -0.694 3.851 -0.020 -0.180 0,857
Physical activity (score >2) 4.437 3.144 0.156 1.411 0.162
Model statistics - - - F=3.343 p=0.014

*Dependent variable: Sleep disturbance (score >2). All variables were entered simultaneously using the enter method. No multicollinearity was

detected (all variance inflation factor values &lt; 2.0).
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populations remains scarce, and our findings do not demonstrate
a clear alteration in circadian preference associated with JIA
[8,27-32].

Another notable observation from this study is the influence of
behavioral factors on sleep disturbances. Specifically, screen
exposure before bedtime emerged as a significant predictor of
poorer sleep quality [4,5,33,34]. This finding is consistent with
previous research, which demonstrates that electronic device
use can delay sleep onset through both cognitive stimulation
and the suppressive effects of blue light on melatonin secretion
[4,5,33,34].

Importantly, JIA was not identified as an independent predictor
of sleep disturbance when behavioral factors were taken into
account [35]. This highlights the multifactorial nature of sleep
problems and suggests that modifiable lifestyle habits may have

a greater impact than previously assumed.

Physical activity, often regarded as a vital component of health in
children with chronic conditions, was comparable across groups
in this study [11,36,37]. This finding contrasts with earlier
reports that indicated reduced activity levels in children with JIA
[11,38-41]. Variations in disease severity, treatment strategies, or
methods of measuring physical activity may account for these
discrepancies. Nonetheless, supporting physical activity remains
essential, as it contributes to both physical and psychological

well-being.

Limitations

Several limitations of this study should be acknowledged. The
cross-sectional design precludes causal inference. Additionally,
reliance on questionnaire-based assessments may introduce
reporting bias. Incorporating objective measures such as
actigraphy or polysomnography could yield more detailed
insights into sleep patterns. Furthermore, the exclusion of disease
activity and treatment variables may have influenced sleep and

daily functioning.

Despite these limitations, the study provides a comprehensive
perspective on sleep, circadian rhythm, and physical activity
in children with juvenile idiopathic arthritis (JIA). Examining
these factors collectively facilitates the identification of practical

intervention targets.
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Overall, the findings indicate that although juvenile idiopathic
arthritis (JIA) is associated with poorer sleep quality, everyday
behaviors, particularly those related to sleep hygiene, play a
critical role. Addressing these modifiable factors may provide an
effective approach to improving sleep and quality of life in this

population.

CONCLUSION

In summary, children with juvenile idiopathic arthritis (JTIA) tend
to experience poorer sleep quality, particularly characterized
by delayed sleep onset and increased nighttime disruptions.
Despite these challenges, their circadian preferences and levels
of physical activity remain largely comparable to those of
healthy peers. Notably, lifestyle factors—especially the use of
electronic devices before bedtime—play a significant role in
sleep disturbances. These findings indicate that sleep problems in
children with JIA are not solely attributable to the disease itself,
but are also shaped by everyday habits.

From a clinical perspective, assessing sleep routines and
encouraging healthier sleep behaviors could be a practical and
effective complement to standard care for children with JIA.
Interventions aimed at reducing screen time before bed and
improving sleep hygiene may result in meaningful improvements

in their quality of life.
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ABSTRACT

Objective: Considering the growing clinical importance of molar incisor hypomineralisation
(MIH), this study aimed to determine its prevalence, distribution, and severity in children
aged 8—12 years in Gaziantep, Tiirkiye.

Methods: This cross-sectional study included 1,067 children aged 8—12 years who presented
to the Department of Pediatric Dentistry, Faculty of Dentistry, Gaziantep University in 2026.
MIH was diagnosed and classified according to the European Academy of Pediatric Dentistry
criteria. Clinical examinations were performed by two calibrated examiners. Demographic
characteristics, lesion severity, tooth type, and arch distribution were recorded. Associations
were analyzed using chi-square tests, and correlations were evaluated using Spearman’s
rank correlation test (p < 0.05).

Results: The prevalence of MIH was 27.6% (n = 295). No significant differences were
observed by gender or age. Of 1,906 MIH-affected teeth, 60.0% were first permanent molars
and 40.0% were incisors. Severe lesions were more frequent in molars (54.2%), whereas
incisors were predominantly mild (87.3%) (p < 0.001). The lower-left first permanent molar
was the most frequently affected tooth, and maxillary central incisors showed a clear
predominance. A weak but significant correlation was found between the number of affected
molars and incisors (rs = 0.127, p = 0.029). Incisor involvement increased significantly with
increasing molar severity (p = 0.005), and a moderate positive correlation was observed
between molar and incisor severity scores (rs=0.338, p < 0.001).

Conclusion: MIH appears to be a common and clinically relevant condition in this
population. The predominance of severe lesions in molars and their association with incisor
involvement highlight the need for early detection and targeted preventive strategies in

pediatric dental practice.

Keywords: children, enamel defects, epidemiology, molar incisor hypomineralisation,

prevalence
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INTRODUCTION

Molarincisorhypomineralisation (MIH)is defined asaqualitative
developmental defect of enamel of systemic origin, affecting one
or more permanent first molars (PFMs) and frequently involving
the permanent incisors [1-3]. Although hypomineralisation of
the permanent dentition was first described in the late 1970s,
the term ‘“Molar-Incisor Hypomineralisation” was formally
introduced by Weerheijm et al. [4] in 2001 and subsequently
adopted as the standard nomenclature by the European Academy
of Pediatric Dentistry (EAPD). The diagnostic criteria and
clinical management recommendations were further refined and
updated in the EAPD best clinical practice guidance published
in 2022 [5]. Clinically, MIH presents as well-demarcated enamel
opacities of varying sizes and colors, ranging from creamy white

to yellow-brown [5-7].

The grading of MIH severity is a fundamental step in guiding
treatment decisions and ensuring standardized epidemiological
reporting. The EAPD classifies the defects into two primary
categories: mild and severe [5]. Mild MIH involves demarcated
opacities without enamel breakdown, with sensitivity induced
only by external stimuli and minimal aesthetic concerns.
Conversely, severe MIH is characterized by post-eruptive enamel
breakdown (PEB), atypical restorations, or extraction due to
MIH, and often presents with spontaneous hypersensitivity

and a significant psychological impact on the child. The color

Main Points

» MIH was identified as a relatively common condition
in this clinic-based pediatric population, with a
prevalence of 27.6%, indicating a substantial clinical

burden in this region.

» The significant positive correlation between molar and
incisor severity further supports the concept that MIH
reflects a generalized enamel disturbance rather than

isolated tooth involvement.

* No significant differences were found in MIH
prevalence according to sex or age, suggesting that
demographic factors may play a limited role in the

occurrence of MIH in this population.

e The clinical presentation of MIH, particularly the
high proportion of severe molar lesions, may increase
treatment complexity, caries susceptibility, and long-

term management challenges in affected children.
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of opacities also indicates severity: yellow or brown defects
represent a greater reduction in mineral content and are more

susceptible to PEB than white or creamy opacities [5].

The hypomineralised enamel in MIH-affected teeth is friable and
possesses inferior mechanical properties, including a reduced
modulus of elasticity and lower hardness values compared to
sound enamel [1,5]. At the molecular level, this is attributed to
a higher protein content—including serum albumin and type
I collagen—and a reduced mineral content, which inhibits the
growth of hydroxyapatite crystals and disrupts the structural
integrity of the enamel matrix [1,8]. Consequently, MIH-affected
enamel is prone to PEB under occlusal loads, which can lead
to rapid caries development, severe hypersensitivity, and pain
[9,10]. These clinical challenges frequently make the affected
teeth difficult to anesthetize and treat, significantly impacting
the oral health-related quality of life of affected children [11].

Although the etiology of MIH is not yet fully understood, it
is widely accepted to be multifactorial, involving a complex
interplay of systemic environmental factors and genetic
predisposition [1,3]. The critical developmental period for MIH
extends from late pregnancy through early childhood, during
which the maturation phase of amelogenesis is particularly
susceptible to systemic disturbances [5,9]. Perinatal risk factors
that have been associated with MIH include premature birth,
low birth weight, and perinatal hypoxia, all of which may
compromise ameloblastic activity during the early stages of
enamel mineralization [2,12]. Postnatal factors implicated in
MIH development include recurrent high fever, early childhood
respiratory diseases such as asthma and bronchitis, frequent
antibiotic use—particularly amoxicillin—and dioxin exposure
through breast milk [1,3,8]. The underlying mechanism is
thought to involve a systemic disruption of ameloblast function,
leading to qualitative rather than quantitative enamel defects
that manifest as hypomineralised zones in the affected teeth
[5]. More recently, gene-environment interaction studies have
identified specific genetic loci that may modulate individual
susceptibility to MIH, suggesting a polygenic architecture
in which environmental insults interact with inherited
predispositions to produce the clinical phenotype [13,14]. The
recognition that MIH development is driven by systemic factors
acting during a defined and irreversible developmental window
underscores the importance of early identification of at-risk

individuals and timely preventive intervention.
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The prevalence of MIH varies considerably worldwide, with
published figures ranging from 2.5% to 39.9% across different
populations and study designs [2,15-17]. Recent systematic
reviews and meta-analyses estimate a global mean prevalence
of approximately 12.9% to 14.2%, with evidence suggesting
an increasing trend over recent decades [15,18]. In Tiirkiye,
prevalence rates also demonstrate marked regional variability.
A recent school-based study conducted among 8—12-year-old
children in Aydin reported a prevalence of 5.2% [19], while
studies from Izmir have indicated rates of approximately 12%
[2]. In the Marmara region, a study conducted in Kocaeli
(Tavsancil) and Canakkale (Bozcaada) reported prevalence
rates of 9.2% and 9.1%, respectively [20]. In a cross-sectional
study conducted among 8-11-year-old children in Istanbul,
MIH prevalence was reported as 9.9% in younger children and
18.2% in older children, respectively, with a significant age-
related increase [21]. Collectively, these data suggest that MIH
prevalence in Tiirkiye falls within a wide range comparable
to international findings, although substantial inter-regional

heterogeneity exists [2,22].

Given the high number of cases requiring clinical care, accurate
regional prevalence and severity data are essential for planning
appropriate preventive and therapeutic resources [1]. Despite
the growing body of epidemiological data from various Turkish
cities, to the best of current knowledge, no study has reported
MIH prevalence data from the southeastern Anatolian region,
including Gaziantep and its surrounding provinces. This
geographic gap limits the ability to characterize the full extent
of inter-regional variability in MIH burden across Tiirkiye and
to tailor public health and clinical responses accordingly. The
aim of the present study was to determine the prevalence and
clinical distribution of MIH among children aged 8—12 years
attending the Department of Pedodontics at Gaziantep University
Faculty of Dentistry, to classify lesion severity according to
current EAPD criteria, and to evaluate these findings alongside
demographic data to provide preliminary epidemiological data

on MIH from this underrepresented region of Tiirkiye.

MATERIALS AND METHODS

Study Design and Ethical Approval

This cross-sectional observational study was conducted over
three months in 2026 at the Department of Pediatric Dentistry,
Faculty of Dentistry, Gaziantep University, Gaziantep, Tirkiye.
The study population comprised pediatric patients aged 8—12

years who presented for routine dental examination during
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the study period. Ethical approval was obtained from the Non-
Interventional Clinical Research Ethics Committee of Gaziantep
University prior to data collection (2026/56, January 21, 2026).
The study was designed and reported in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines. Written informed consent
was obtained from the legal guardians of all participants prior
to the clinical examination, and all procedures were conducted

in accordance with the principles of the Declaration of Helsinki.

Sample Size Calculation

Thesamplesize was calculated using G¥*Power 3.1 software, based
on previously reported MIH prevalence rates of approximately
15-20% [2,20,21]. Assuming a 95% confidence level, a 5%
margin of error, and 80% statistical power, the minimum
required sample size was estimated to be 554 participants.
To account for potential data loss, the target sample size was
set at a minimum of 600 children. Furthermore, to ensure a
reliable evaluation of clinical distribution patterns (molar-
only vs. molar-incisor involvement) and lesion severity (mild
vs. severe), it was planned to recruit a larger sample whenever
feasible. Accordingly, using a consecutive sampling approach, a
total of 1,067 children were included in the study, substantially
exceeding the minimum requirement and strengthening the

robustness of subgroup analyses.

Inclusion and Exclusion Criteria

Children aged 8-12 years with fully erupted four first
permanent molars and eight permanent incisors were eligible
for inclusion. Patients were required to be cooperative during
the clinical examination and free of systemic diseases known
to affect enamel development. Children were excluded if their
index teeth (four first permanent molars and eight permanent
incisors) had not yet fully erupted, if they presented with
generalized enamel defects that could be confused with MIH—
including amelogenesis imperfecta, dental fluorosis, or enamel
hypoplasia—or if reliable clinical examination could not be
performed due to lack of cooperation.

Observer Calibration

Prior to data collection, both examiners (Z.U.G, D.S.) underwent
a standardized calibration procedure based on the EAPD
diagnostic criteria for MIH [5]. In the first phase, 20 clinical
photographs, comprising both MIH-positive and MIH-negative
cases, were independently assessed by each examiner; inter-

examiner agreement was evaluated using Cohen’s kappa
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coefficient, yielding k = 0.87. In the second phase, 20 patients
who were not part of the study sample were independently
examined by both observers under clinical conditions, with MIH
presence and lesion severity recorded separately; the resulting
inter-examiner kappa was « = 0.84. Both values indicate strong
inter-examiner agreement according to established benchmarks
(x > 0.80), confirming that the examiners applied the diagnostic

criteria consistently throughout the study.

Clinical Examination

Clinical examinations were performed by two calibrated
examiners under optimal illumination with a dental unit light,
supplemented as needed to ensure adequate visualization.
Participants were instructed to brush their teeth prior to
examination, and any remaining debris was removed using a
cotton roll. All teeth were examined in a wet condition, without
routine air-drying, in accordance with the European Academy of
Pediatric Dentistry (EAPD) criteria. A dental mirror and probe
were used for assessment, and the probe was applied gently when
necessary, to evaluate surface irregularities and cavitation while
avoiding damage to the enamel surface. Each patient’s 12 MIH
index teeth—four first permanent molars and eight permanent
incisors—were systematically examined for the presence and
severity of MIH defects. Patients in whom at least one first
permanent molar was affected by MIH were recorded as MIH-

positive, while those with no hypomineralisation on any index

Ucar Gundogar Z, et al.

tooth were recorded as MIH-negative. The study workflow is

illustrated in Figure 1.

Diagnostic Criteria and Severity Classification

MIH diagnosis and severity classification were performed
in accordance with the updated EAPD criteria [5]. Lesions
were classified as mild MIH when only demarcated opacities
were present, and as severe MIH when post-eruptive enamel
breakdown (PEB), atypical restorations, or extraction due to
MIH was observed. For tooth-level severity assessment, each
first permanent molar was scored as follows: 0 = no MIH, 1 =
mild MIH, and 2 = severe MIH. A total molar severity score
was then calculated for each patient by summing the scores of

all first permanent molars, resulting in a possible range of 0—8.

Statistical Analysis

Data were analyzed using SPSS version 26.0 (IBM Corp.,
Armonk, NY, USA). Categorical variables were summarized as
frequencies and percentages. The chi-square test was used to
evaluate associations between MIH prevalence and demographic
variables (sex, age group). Spearman’s rank correlation was
used to examine the relationship between the number of affected
molars and the mean number of affected incisors, and between
the total molar severity score and the incisor severity score. A

p-value of less than 0.05 was considered statistically significant.

PATIENT RECRUITMENT

Pediatric patients aged 8-12 years
who applied to Gaziantep University
Faculty of Dentistry, Department of
Pediatric  Dentistry  for  routine

)

Tooth-based and patient-based data
collection,

Scoring: Implementation of the specific 0—
2 scoring system for first permanent
molars.

Q

Labels:

OBSERVER CALIBRATION

Calibration training based on EAPD
diagnostic criteria for MIH.

examination.
o000
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DATA RECORDING & SCORING SEVERITY CLASSIFICATION

Categorization of affected teeth according to EAPD
severity levels.

*Mild MIH: Demarcated opacities.
*Severe MIH: Post-cruptive breakdown, atypical
restorations, or extractions. )

CLINICAL EXAMINATION

Clinical evaluation of all first permanent
Diagnosis of MIH presence using a dental
mirror and probe.
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Figure 1. Workflow of the study
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RESULTS Table 2. MIH prevalence and its association with demographic

A total of 1,067 children were included in the study. Of the variables.

participants, 495 (46.4%) were male, and 572 (53.6%) were MIH MIH Total

female, with a mean age of 9.84 + 1.51 years. The largest age | Variable present n absent n n p

group was the 8-year group (n = 294, 27.6% of the total sample), (2] )

followed by the 12-year group (n =234, 21.9%), the 9-year group Overall 295 (27.6) 772 (72.4) | 1067 -

(n = 200, 18.7%), the 10-year group (n = 193, 18.1%), and the Sex

11-year group (n = 146, 13.7%). Demographic characteristics are | Male 126 (25.5) 369 (74.5) | 495 | 0.155

presented in Table 1. Female 169 (29.5) | 403(70.5) | 572 | 0.155

Age group years)

Table 1. Demographic characteristics of the study population. 8 years 74 (25.2) 220 (74.8) 294 _
Variable n Y% 9 years 75 (37.5) 125 (62.5) | 200 -
Total children 1067 100.0 10 years 73 (37.8) 120 (62.2) 193 -
Sex 11 years 29 (19.9) 117 (80.1) | 146 -
Male 495 46.4 12 years 44 (18.8) 190 (81.2) | 234 -
Female 572 53.6 Chi-square test
Age (years)

8 years 294 27.6 Table 3. Distribution of lesion severity by tooth group in MIH-
9 years 200 18.7 affected teeth.
10 years 193 18.1 Total MIH-
Tooth group | Mild n (%) | Severe n (%) affected teeth n
11 years 146 13.7 (%)
12 years 234 21.9 First molars | 524 (45.8) 620 (54.2) 1144 (60.0)
Age (Mean £ SD) 9.84+1.51 Incisors 665 (87.3) 97 (12.7) 762 (40.0)
SD: standard deviation. Total 1189 (62.4) | 717 (37.6) 1906 (100.0)

The prevalence of MIH in the study population was 27.6% (n
= 295). When MIH prevalence was compared by sex, the rate
was 25.5% (n = 126) in boys and 29.5% (n = 169) in girls; the
difference between groups was not statistically significant (p =
0.155). When MIH prevalence was evaluated by age group, the
highest prevalence was observed in the 10-year group (37.8%)
and the 9-year group (37.5%), whereas lower prevalence rates
were observed in the 12-year group (18.8%) and the 1l-year
group (19.9%). These findings are presented in Table 2.

Of the total 1,906 teeth diagnosed with MIH, 1,144 (60.0%)
were first permanent molars and 762 (40.0%) were incisors
(Table 3). In the molar group, 54.2% of lesions were classified
as severe and 45.8% as mild. In contrast, lesions in incisors
were predominantly mild, accounting for 87.3% of cases. The
difference in severity distribution between molars and incisors

was statistically highly significant (p < 0.001).
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Chi-square test, p < 0.001. Percentages indicate the proportion within

each tooth group

When assessed on a tooth-by-tooth basis, MIH was most
frequently identified in the lower-left first permanent molar
(tooth 36) (n = 290, 15.2%), which also exhibited the highest
proportion of severe lesions (56.9%). Among the incisors, the
upper-right central incisor (tooth 11) was the most commonly
affected (n = 194, 10.2%), with lesions predominantly classified
as mild (85.1%). The detailed distribution of lesion severity
across all teeth is presented in Table 4.

When the arch-based distribution of MIH-affected teeth was
examined, no significant difference was observed between the
maxilla and mandible for first molars (574 vs. 570; p = 0.929),
whereas a higher number of affected central incisors was
observed in the maxilla (375 vs. 137; 73.2% maxilla; p < 0.001).
No statistically significant difference was found for lateral
incisors (140 vs. 110; p = 0.066) (Table 5).
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Table 4. Distribution of MIH-affected teeth by tooth number and

lesion severity.

Tooth (FDI) | Mild n (%) | Severe n (%) | Total MIH n (%)
16 135 (47.2) 151 (52.8) 286 (15.0)
26 142 (49.3) 146 (50.7) 288 (15.1)
36 125 (43.1) 165 (56.9) 290 (15.2)
46 122 (43.6) 158 (56.4) 280 (14.7)
11 165 (85.1) 29 (14.9) 194 (10.2)
12 65 (91.5) 6(8.5) 71 (3.7)
21 156 (86.2) 25(13.8) 181 (9.5)
22 63 (91.3) 6(8.7) 69 (3.6)
31 57 (86.4) 9 (13.6) 66 (3.5)
32 45 (88.2) 6 (11.8) 51(2.7)
41 63 (88.7) 8 (11.3) 71 (3.7)
42 51(86.4) 8 (13.6) 59 (3.1)

Mild/severe percentages indicate proportions within each tooth; Total

MIH n (%) indicates the proportion among all MIH-affected teeth

Ucar Gundogar Z, et al.

When the distribution of lesion severity was compared between
the maxilla and mandible, no statistically significant difference
was observed for either molars (p =0.107) or incisors (p = 1.000).
In molars, severe lesions were more frequent in the mandible,
whereas in incisors, the distribution of mild and severe lesions

was similar between the arches (Table 6).

The relationship between the number of affected molars and
incisor involvement was evaluated in children diagnosed with
MIH. Incisor involvement was observed in 75.0% of children
with all four molars affected, compared to 33.3% among those
with only one affected molar. The mean number of affected
incisors by number of affected molars is presented in Table 7.
Spearman’s rank correlation analysis revealed a statistically
significant positive relationship between the number of affected
molars and the mean number of affected incisors (rs = 0.127; p
=0.029).

Table 5. Arch-based (maxilla—mandible) distribution of MIH-affected teeth.

Tooth group Maxilla n (%) Mandible n (%) Total n (%) P
First molars 574 (50.2) 570 (49.8) 1144 (100.0) 0.929
Central incisors 375 (73.2) 137 (26.8) 512 (100.0) <0.001
Lateral incisors 140 (56.0) 110 (44.0) 250 (100.0) 0.066
Total MIH-affected teeth 1089 (57.1) 817 (42.9) 1906 (100.0) -

Binomial test. Maxillary dominance for central incisors is statistically significant (» <0.001). No significant difference was found for lateral incisors

or molars.

Table 6. Distribution of MIH-affected teeth by arch and severity level.

Severity Molars Macxilla n (%) | Molars Mandible n (%) Incisors Maxilla n (%) | Incisors Mandible n (%) P
Mild 277 (48.3) 247 (43.3) 449 (87.2) 216 (87.4) -
Severe 297 (51.7) 323 (56.7) 0.107 66 (12.8) 31 (12.6) 1.000
Total 574 (100.0) 570 (100.0) 515 (100.0) 247 (100.0) -
Chi-square test. Molars: p = 0.107; Incisors: p = 1.000. Severity distribution is similar in both jaws.
Table 7. Mean number of affected incisors by number of affected molars.
No. of affected molars n Mean no. of affected incisors (95% CI) Spearman rho p
1 6 0.33 (-0.08 — 0.75) 0.127 0.029
2 5 1.00 (0.12 — 1.88) - -
3 8 3.00 (0.97 — 5.03) - -
4 276 2.65(2.37-2.93) - -

CI: confidence interval. Spearman correlation analysis (n = 295). Statistically significant at p < 0.05.
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When the relationship between molar severity category and
incisor involvement was examined, incisor involvement was
50.0% in the low severity group (scores 1-2), rising to 64.8% in
the moderate severity group (scores 3—5) and 80.2% in the high
severity group (scores 6—8). This dose-response relationship
was statistically significant (p = 0.005) (Table 8).

Table 8. Incisor involvement by molar MIH severity burden.

Molar severity Incisor Incisor

category present n (%) | absent n (%) P
1-2 (low) 4 (50.0) 4 (50.0) -
3-5 (moderate) 68 (64.8) 37(35.2) -
6-8 (high) 146 (80.2) 36 (19.8) 0.005

Chi-square test, p = 0.005. The rate of incisor involvement increases

significantly with increasing molar severity category.

The relationship between the total molar MIH severity score
and incisor MIH severity score was evaluated by Spearman
correlation analysis. The analysis revealed a statistically
significant positive correlation between the two variables
(rs=0.338; p < 0.001; n = 295), indicating that as MIH severity
in molar teeth increases, severity in incisor teeth also increases
(Table 9).

Table 9. Relationship between total molar MIH severity score
and incisor MIH severity score.

Variables Spearman rho p
Total molar MIH severity score —

. . 0.338 <0.001
Incisor MIH severity score (n = 295)

Spearman correlation analysis. Incisor severity increases with molar
severity (tho = 0.338, p <0.001).

DISCUSSION

This study represents the first epidemiological report of MIH
prevalence in the southeastern Anatolia region of Tiirkiye,
a geographic area previously unrepresented in the national
literature. The present findings demonstrated a prevalence of
27.6% in children aged 812 years, together with a clinically
meaningful divergence in lesion severity between molars
and incisors, a consistent maxillary predominance for central
incisors, and a significant dose-response relationship between
molar severity and incisor involvement. The use of the
updated EAPD diagnostic criteria ensured comparability with
contemporary epidemiological studies and aligned with current

clinical standards, while the 2-phase calibration process, with
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strong inter-examiner agreement, supported the reliability of
the findings. Collectively, these results addressed an important
geographic gap and contributed robust data to the evolving

epidemiological understanding of MIH.

The prevalence of MIH observed in the present study (27.6%)
is considerably higher than the global average of 9.4% reported
in large-scale epidemiological studies that included more than
1,000 children. When evaluated in a global context, MIH
prevalence demonstrates substantial regional variability, with
reported rates of 17.7% in the Americas, 10.7% in Asia, 7.3% in
Europe, and 4.9% in Africa [17]. In this context, the prevalence
identified in the present study exceeds not only the global
mean but also the average values reported across all major
geographic regions. This finding also supports the notion that
MIH has evolved from a relatively rare anomaly to a common
developmental condition with a considerable public health
burden [15,18]. When compared internationally, the prevalence
observed in the present study (27.6%) is comparable to the higher
range of values reported from Iran (25.6%) [23] and very similar
to those reported from Lebanon (26.7%) [24] and Dubai (27.2%)
[25]. In contrast, it remains notably higher than the prevalence
rates reported from Sudan (20.1%) [6], Spain (21.8%) [3], Japan
(19.8%)[16], and Iraq (21.5%) [26].

Within Tirkiye, previously reported MIH prevalence rates
have generally ranged between approximately 7.7% and 14.2%,
with regional studies reporting 11.5% in Izmir [2], 14.2% in
Istanbul [21], and around 9.1-9.2% in Kocaeli and Canakkale
[20]. More recent data continue to demonstrate this variability,
with a prevalence of 5.2% reported in Aydin [19] and 12% in
a recent study from Izmir [22]. In contrast, a notably higher
prevalence of 24.4% has been reported in Usak [27], indicating
a potential upward shift in certain regions. In this context, the
prevalence observed in the present study (27.6%) is higher than
previously reported values from Tiirkiye, placing it at the upper
extreme of the national range. These findings highlight marked
interregional heterogeneity and suggest that MIH prevalence in
the southeastern Anatolian region may be higher than in other

parts of the country.

Several methodological and contextual factors may help explain
the higher prevalence observed in the present study compared
with previous Turkish reports. The clinic-based recruitment
approach may have influenced the study population, as children

presenting to a university dental hospital are more likely to have
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dental complaints and treatment needs than those in community-
based samples [12,22,28]. The broader age range included in the
present study (8—12 years), compared with narrower age groups
examined in some previous studies, may also have allowed for
the identification of a wider spectrum of MIH presentations
[2]. Finally, regional environmental and socioeconomic factors
specific to southeastern Anatolia—such as variations in water
quality, nutritional patterns, access to healthcare, and early
childhood health conditions—may also play a role in the
observed prevalence; however, as these factors were not directly
assessed in the present study, this interpretation should be made

with caution and warrants further investigation.

The present study found no statistically significant difference in
MIH prevalence between boys and girls, which is consistent with
the majority of epidemiological studies reporting no clear gender
predilection. Several recent studies have similarly demonstrated
that MIH occurrence is not significantly associated with sex,
suggesting that biological susceptibility is comparable between
males and females [2,6,19,22,27,29]. In the present study, the
distribution of MIH wvaried across age groups, with higher
proportions observed at 9 and 10 years of age (37.5% and 37.8%,
respectively), followed by lower rates in older children. A similar
variability was reported by Abdalla et al. [6], who also observed
differences in MIH distribution across age groups, without a
consistent pattern. Likewise, Nguyen et al. [30] reported that the
largest proportion of participants was in the 9-year-old group,
while MIH distribution across ages remained heterogeneous.
In contrast, Akyildiz et al. [19] observed the highest MIH
frequency in the youngest age group (8 years: 9.5%), followed

by a decline with increasing age.

Consistent with the broader literature, first permanent molars
were more frequently and more severely affected than incisors
[29,31]. The molar predominance observed here mirrors findings
from Kiling et al. [2] (FPMs: 76.6%) and Abdalla et al. [6] (FPMs:
65.8%). Differences in severity between molars and incisors
have been widely reported in the literature. First permanent
molars are exposed to significant occlusal forces, making them
more susceptible to post-eruptive breakdown in the presence of
hypomineralized enamel. In contrast, incisors are subjected to
lower mechanical stress and therefore more commonly present
with demarcated opacities rather than structural breakdown.
This severity pattern is broadly comparable to data from large
cohorts in which mild or moderate opacities predominate

overall, but a substantial proportion of molar lesions exhibit
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post-eruptive breakdown and extensive structural loss [32-34].
The slightly higher proportion of severe lesions in mandibular
compared to maxillary molars—although not statistically
significant (p = 0.107)—is consistent with observations by
Kiling et al. [2] and may be related to the earlier eruption of
mandibular FPMs, which results in greater cumulative exposure
to occlusal forces and the oral environment.

The equal distribution of MIH between the maxillary and
mandibular molar arches further supports the systemic
etiology of MIH, in which the amelogenetic disturbance affects
homologous teeth with comparable frequency, irrespective of
arch. This bilateral symmetry is consistently observed across the
literature [2,6,27]. In contrast, the strong maxillary dominance
observed for central incisors—with nearly 3-quarters of affected
central incisors located in the upper jaw—aligns with findings
from both reference studies and reflects a consistent pattern

across geographically diverse populations [27,29,32,35].

The present study demonstrated a statistically significant positive
association between the number of affected first permanent
molars and the mean number of affected incisors (rs = 0.127, p
= 0.029), indicating that incisor involvement tended to increase
as molar involvement became more extensive. This pattern is
consistent with the findings of Abdalla et al. [6], who reported a
significant increase in the mean number of affected incisors with
increasing number of affected molars (p < 0.001; rs = 0.627).
Similarly, the study conducted in Aydin revealed a moderate
positive correlation between molar and incisor involvement (rs
= 0.31, p = 0.02), further supporting this relationship. Although
the strength of the correlation in the present study was weaker,
likely due to the unequal distribution of cases across molar
involvement groups, the overall trend observed across all three
studies is consistent. These findings suggest that increased
molar involvement may reflect a broader extent of enamel (rs
= 0.338, p < 0.001), suggestingation in the present study was
weaker, likely due to the unequal distribution of cases across
molar involvement groups, the overall trend observed across all
three studies is consistent. These findings suggest that increased

molar involvement may reflect a broader extent of enamel.

Beyond the clinical and distributional findings, MIH also
carries substantial psychosocial and quality-of-life implications.
Children affected by MIH—particularly those with severe
defects—experience poorer oral health-related quality of life,

largely driven by pain, hypersensitivity, aesthetic concerns,

481



European Journal of Therapeutics (2026)

and repeated treatment needs [36]. At the same time, despite
widespread recognition of MIH as asignificant clinical challenge,
many practitioners report insufficient training and difficulties in
its management, including issues related to anesthesia, behavior
management, and prolonged, complex treatment procedures
[37]. In this context, the high prevalence and severity burden
identified in the present study highlight the urgent need for
systematic MIH screening as part of routine pediatric dental
examinations in this region, together with enhanced training of
both general practitioners and specialists in early diagnosis and

evidence-based management.

Limitations

The present study also has limitations that must be acknowledged.
The clinic-based recruitment strategy introduces a selection bias
toward children with higher dental treatment needs, potentially
overestimating the true community prevalence. The cross-
sectional design precludes causal inference, and the absence of
etiological risk factor data—including perinatal history, early
childhood illness, antibiotic exposure, and family history—
limits the clinical interpretability of the severity findings.
Socioeconomic variables, dietary habits, and oral hygiene
behaviors, which may modify the clinical expression of MIH,
were not assessed. The single-center design and the restriction
to a clinic-based sample limit the generalizability of the findings

to the broader pediatric population of the region.

CONCLUSION

In conclusion, this study provides the first data on the prevalence
and clinical distribution of molar incisor hypomineralisation
(MIH) in southeastern Tiirkiye. It shows that the condition is
both common and clinically relevant in this population. The
predominance of severe involvement in molars and its association
with incisor involvement suggest that MIH may present with
increasing clinical complexity, with potential implications for
treatment burden, caries risk, and patient quality of life. These
findings highlight the importance of early recognition and

preventive approaches in routine pediatric dental care.

Further research is needed to understand better the underlying
causes of MIH, particularly through longitudinal and family-
based studies that consider early-life exposures. Exploring
genetic susceptibility alongside environmental factors may
help clarify the mechanisms behind the condition, especially in
populations with potentially different risk profiles. In addition,
incorporating validated quality of life measures and standardized
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indices such as the Molar Incisor Hypomineralization Treatment
Need Index (MIH-TNI) would allow for a more comprehensive
assessment of the condition and support more informed clinical

and public health strategies.
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ABSTRACT

Objective: This study aimed to evaluate whether daily main meal count and snack frequency
are independently associated with the Visceral adiposity index (VAI) and atherogenic index of
plasma (AIP) in overweight and obese adults without known chronic disease or pharmacotherapy.
Methods: This cross-sectional study included 347 adults aged 18—65 years with BMI >25 kg/m?
who presented for a first cardiological assessment. Participants with diagnosed chronic disease
or regular medication use were excluded. Meal frequency was recorded by structured interview
as daily main meal count and snack frequency. VAI was calculated using sex-specific formulas
incorporating waist circumference, BMI, triglycerides, and HDL-cholesterol. AIP was calculated
as logo (triglycerides/HDL-cholesterol), using molar concentrations.

Results: The mean age of participants was 40.8 + 11.7 years, and 53.3% were female. Participants
with obesity had significantly higher AIP and VAI values than overweight participants. In
unadjusted analyses, main meal count was positively correlated with AIP, whereas snack
frequency was inversely correlated with both AIP and VAI. Participants reporting one snack
per day had lower AIP and VAI values than those reporting no snacks. However, neither main
meal count nor snack frequency remained independently associated with AIP or VAI in the
multivariable models. The AIP model was adjusted for age, sex, BMI, smoking status, and
regular exercise, whereas the primary VAI model was constructed without BMI because BMI is
a component of the VAI formula. Higher age, male sex, BMI, and lack of regular exercise were
the main independent correlates of AIP. In the primary BMI-free VAI model, higher age and
lack of regular exercise were independently associated with VAI, while meal-frequency variables
remained non-significant. A BMI-adjusted sensitivity model yielded the same conclusion
regarding meal-frequency variables.

Conclusion: In medication-free overweight and obese adults without known chronic disease,
meal frequency alone was not independently associated with AIP or VAI after adjustment for
demographic, anthropometric, and lifestyle-related factors. These findings suggest that simple
eating-occasion counts may be less informative than overall dietary quality, meal composition,

timing, and physical activity in cardiometabolic risk assessment.

Keywords: atherogenic index of plasma, cardiometabolic risk, meal frequency, obesity,

overweight, visceral adiposity index
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INTRODUCTION

Excess adiposity rarely travels alone. In most clinical settings,
visceral fat accumulation, dyslipidemia, insulin resistance, and
elevated cardiovascular risk cluster so predictably [1-3] that
disentangling their individual dietary drivers becomes a genuine
methodological challenge. Meal frequency has attracted attention
as one potentially modifiable behavior. However, the literature
remains inconsistent, partly because study samples almost
invariably include participants already carrying diagnoses of

type 2 diabetes, hypertension, or established dyslipidemia [4,5].

Visceral adiposity index (VAI) and atherogenic index of plasma
(AIP) were developed to give clinicians compact surrogates for
visceral fat function and atherogenic dyslipidemia, respectively,
both derivable from routine laboratory values. VAI combines
waist circumference, BMI, and fasting lipids into a sex-specific
score that tracks more closely with visceral fat area assessed by
computed tomography than BMI alone [6,7,8]. AIP, expressed
as logio of the triglyceride-to-HDL molar ratio, encodes the

small dense LDL-predominant lipid phenotype associated with

Main Points

» Inoverweight and obese adults without known chronic
disease or pharmacotherapy, daily main meal count and
snack frequency were not independently associated
with the atherogenic index of plasma or the visceral
adiposity index after adjustment for demographic,

anthropometric, and lifestyle-related factors.

» Unadjusted analyses suggested a positive association
between main meal count and atherogenic index
of plasma and inverse associations between snack
frequency and both cardiometabolic indices, but these

relationships did not persist in multivariable models.

» Higher age, male sex, higher body mass index, and
absence of regular exercise were the main independent
correlates of a higher atherogenic index of plasma,
whereas higher age, higher body mass index, and
absence of regular exercise were independently

associated with a higher visceral adiposity index.

» These findings suggest that simple eating-occasion
counts alone provide limited cardiometabolic risk
information, and that future studies should incorporate
meal composition, dietary quality, energy intake,

snack type, and circadian timing.

Lule NO, et al.

premature atherosclerosis [9]. Neither index requires specialized

imaging, making them attractive for outpatient screening [10].

What is far less clear is whether eating-occasion frequency
shapes these indices in individuals who have not yet received
any cardiometabolic diagnosis and are on no medications. In
adults with excess weight but without diagnosed cardiometabolic
disease or medication use, any observed association between
eating-occasion frequency and metabolic risk may be less affected
by confounding from chronic disease and pharmacological
treatment. The cardiology outpatient setting offers a clinically
meaningful frame: individuals presenting for an initial
assessment, before therapeutic decisions are made, represent
a window in which modifiable lifestyle factors, including
dietary patterns, can still be evaluated before treatment-related
influences are introduced. The present study examined whether
daily main meal count and snack consumption frequency were
independently associated with VAI and AIP after adjustment for
demographic, anthropometric, and lifestyle-related covariates.

MATERIALS AND METHODS

Study Design and Participants

This observational, cross-sectional study was conducted in the
cardiology outpatient clinic of Gaziantep University Sahinbey
Research and Practice Hospital between January and April 2026.
This study was approved by the Gaziantep University Non-
Interventional Clinical Research Ethics Committee (Decision
No. 2026/67, January 21, 2026). Consecutive adults aged 18—
65 years presenting for a first cardiological assessment were
screened. Those with a documented chronic disease diagnosis
(including type 2 diabetes, hypertension, dyslipidemia, thyroid
disorders, and cardiovascular events), any regular prescription
or over-the-counter medication use, pregnancy, active infectious
illness, or a cognitive barrier to completing a structured

interview were excluded.

The BMI inclusion threshold was set at > 25 kg/m? to ensure the

sample reflected clinically meaningful excess weight.

Power Analysis and Sample Size

For the planned multiple linear regression analyses, assuming
six independent variables, a small-to-moderate effect size
(Cohen’s f2 = 0.05), o = 0.05, and 80% power, the minimum
required sample size was 279 participants. After allowing for
potential data loss, the target sample size was set at 310—-320, and

the final analytic sample included 347 participants.
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RESULTS

Pearson correlation analyses showed that the main meal count
was positively correlated with AIP but not with VAT in the total
sample. Snack meal count was inversely correlated with both
AIP and VAI, whereas total meal count was not associated with
either index. In sex-stratified analyses for VAI, no significant
correlations were observed among women. Among men, snack
meal count and total meal count were weakly and inversely
correlated with VAI, while main meal count was not associated
with VAI in either sex (Table 2).

No participant reported consuming one main meal per day;
therefore, the main-meal comparison was performed between
participants consuming two and three main meals per day.

AIP differed significantly according to the main meal count.

Lule NO, et al.

Participants consuming three main meals per day had higher AIP
values than those consuming two main meals per day (0.139 +
0.253 vs. 0.057 = 0.315; t = 2,665, p = 0.008). In contrast, VAI
did not differ significantly between the two main meal groups
(2,770 £ 1,571 vs. 2,565 + 1,745; t = —1,154, p = 0.249). When
participants were grouped according to snack frequency, both
AIP and VAL differed significantly across groups. 1-way ANOVA
demonstrated significant overall differences for AIP (F (2,344) =
15,176, p <0.001) and VAI (F (2,344) = 8,350, p < 0.001). Games-
Howell post-hoc comparisons showed that participants reporting
one snack per day had significantly lower AIP and VAI values
than those reporting no snacks. The 2-snacks-per-day group
did not differ significantly from either the no-snack or 1-snack

groups (Table 3).

Table 1. Baseline characteristics of the study population stratified by BMI group.

Variable Total (n = 347) Overweight (n = 169) Obese (n = 178) P
Age (years) 40.8 £11.7 37.3+10.7 44.1+£11.6 <0.001*
Female, n (%) 185 (53.3) 82 (48.5) 103 (57.9) 0.081
BMI (kg/m?) 30.93 £4.62 27.29 +1.40 34.39 +3.89 <0.001*
Waist circumference (cm) 108.9+£11.3 101.9£8.8 1155+£9.2 <0.001*
Neck circumference (cm) 40.9+2.0 40.7+£2.0 412+1.9 0.063
Fasting TG (mg/dL) 149.0 (91.0-203.0) 118.0 (81.5-183.0) 165.0 (103.8-225.3) <0.001*
Fasting HDL (mg/dL) 48.0 (43.0-57.0) 49.0 (44.0-58.0) 47.0 (42.0-55.0) 0.047*
Fasting LDL (mg/dL) 105.0 +28.1 99.6 +28.7 110.0 +£26.6 <0.001*
Fasting glucose (mg/dL) 98.0 (92.0-107.0) 95.0 (90.5-105.5) 101.0 (94.8-109.0) <0.001*
HbAlc (%) 5.32+0.42 5.21+0.37 5.43+0.44 <0.001*
AIP 0.100 + 0.287 0.040 + 0.290 0.157+£0.272 <0.001*
VAI 2.673 £1.656 2.324 +1.558 3.005 + 1.682 <0.001*
Main meal count 2.52+0.51 2.47+0.50 2.58 +0.51 0.034*
Snack meal count 0.52+0.59 0.49 +0.57 0.56 +0.60 0.291
Regular exercise, n (%) 70 (20.2) 20 (11.8) 50 (28.1) <0.001*
Smoking, n (%) 196 (56.5) 92 (54.4) 104 (58.4) 0.454
Alcohol use, n (%) 28 (8.1) 9(5.3) 19 (10.7) 0.067

Data are presented as mean + standard deviation, median (Q1-Q3), or n (%), as appropriate. Normally distributed continuous variables were

compared using the independent-samples t-test, whereas fasting triglyceride, fasting HDL-cholesterol, and fasting glucose were compared using the

Mann—Whitney U test because of non-normal distribution. Categorical variables were compared using the chi-square test or Fisher’s exact test, as

appropriate. *p < 0.05. BMI: body mass index; TG: triglyceride; HDL: high-density lipoprotein; LDL: low-density lipoprotein; AIP: atherogenic

index of plasma; VAI: visceral adiposity index.
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Table 2. Pearson correlation coefficients between meal-frequency variables and cardiometabolic indices.
AlIPr VAI r VAI r VAl r
Meal iabl AIP Al Al Al
eal variable Total (n=347) P | Totatm=347) | YA'P | Fematem=185) | Y2'P | Mate@m=162) | VAIP
Main meal count 0.139* 0.010 0.058 0.281 0.114 0.121 —0.024 0.760
Snack meal count —0.221* <0.001 —0.158* 0.003 —0.036 0.622 —0.248* 0.001
Total meal count —0.081 0.133 —0.086 0.110 0.045 0.545 —0.203* 0.010

Values are Pearson correlation coefficients. Significant correlations are marked with an asterisk. AIP:

adiposity index.

atherogenic index of plasma; VAI: visceral

Table 3. AIP and VAI according to main meal count and snack frequency.

Group n AIP, mean = SD VAI, mean £+ SD
Main meal count - t=-2.665; p =0.008* t=-1.154; p =0.249

2 meals/day 164 0.0568 +0.3149 2.5646 +1.7449

3 meals/day 183 0.1392 +£0.2534 2.7700 + 1.5714
Snack frequency - F(2,344) = 15.176; p < 0.001* F(2,344) = 8.350; p < 0.001*
0 snacks/day 182 0.174 £0.2852 2.987 £ 1.7402

1 snack/day 149 0.007 £ 0.262° 2.263 +1.478>

2 snacks/day 16 0.134 + 0.265% 2.923 + 1.345:

Data are presented as mean + standard deviation. AIP and VAI were compared between main meal groups using independent-samples t-test. For

the main-meal comparison, Welch’s correction was applied for AIP because Levene’s test indicated unequal variances, whereas equal variances

were assumed for VAL Snack-frequency groups were compared using one-way ANOVA followed by Games—Howell post-hoc tests. Statistically

significant overall tests are marked with an asterisk. Within each outcome, different superscript letters indicate statistically significant between-group

differences in post-hoc comparisons. Groups sharing the same superscript letter are not significantly different. No participant reported consuming

one main meal per day; therefore, the main-meal comparison included only the two observed categories, namely two and three main meals per day.

AIP: atherogenic index of plasma; VAI: visceral adiposity index.

Multiple linear regression analyses were performed separately
for AIP and VAI (Table 4). The AIP model included main meal
count, snack meal count, age, sex, BMI, smoking status, and
regular exercise as independent variables and was statistically
significant, explaining 23.8% of the variance in AIP (R*=0.238,
adjusted R? = 0.223; F (7,339) = 15,157, p < 0.001). In this model,
main meal count (B = 0.029, p = 0.308) and snack meal count
(B =-0.034, p = 0.172) were not independently associated with
AIP. Higher age (B = 0.005, p <0.001), male sex (B = 0.201, p <
0.001), and higher BMI (B = 0.010, p = 0.002) were independently
associated with higher AIP, whereas regular exercise was
independently associated with lower AIP (B =-0.076, p = 0.030).
Smoking status was not significantly associated with AIP.

For VAL, the primary regression model was constructed without
BMI because BMI is a component of the VAI formula. This BMI-
free model was statistically significant and explained 11.2% of
the variance in VAI (R? = 0.112, adjusted R>=0.097; F (6,340) =

7,180, p < 0.001). In this primary VAI model, neither main meal
count (B = 0.058, p = 0.741) nor snack meal count (B =-0.274, p
= 0.080) was independently associated with VAI. Higher age was
independently associated with higher VAI (B = 0.037, p < 0.001),
whereas regular exercise was independently associated with
lower VAI (B =-0.492, p = 0.023). Sex (B =0.247, p =0.229) and
smoking status (B = —0.333, p = 0.082) were not independently
associated with VAL

As a sensitivity analysis, a BMI-adjusted VAI model was also
performed. This model remained statistically significant and
explained 12.7% of the variance in VAI (R? = 0.127, adjusted R?
= 0.109; F (7,339) = 7,024, p < 0.001). In this sensitivity model,
neither main meal count (B = 0.012, p = 0.947) nor snack meal
count (B =-0.268, p = 0.084) was independently associated with
VAI, indicating that the primary conclusion regarding meal-

frequency variables was unchanged after BMI adjustment.
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Table 4. Multiple linear regression coefficients for AIP and VAIL
AIP VAI
Variable
B P 95% CI B P 95% CI
Main meal count 0.029 0.308 —0.026; 0.083 0.058 0.741 —0.288; 0.404
Snack meal count —0.034 0.172 —0.083; 0.015 —-0.274 0.080 —0.580; 0.033
Age 0.005 <0.001* 0.002; 0.007 0.037 <0.001* 0.022; 0.052
Male sex 0.201 <0.001* 0.135; 0.267 0.247 0.229 —0.156; 0.650
BMI 0.010 0.002* 0.004; 0.017 - - -
Smoking —0.046 0.136 —0.106; 0.014 —0.333 0.082 —0.708; 0.042
Regular exercise —0.076 0.030* —0.144; —0.008 —0.492 0.023* —0.917; —0.068

AIP model: R? = 0.238, adjusted R? = 0.223, F(7,339) = 15.157, p < 0.001.

VAI model: R? = 0.112, adjusted R*> = 0.097, F(6,340) = 7.180, p < 0.001.

BMI-adjusted VAI sensitivity model: R* = 0.127, adjusted R* = 0.109, F(7,339) = 7.024, p < 0.001.
For VAL the primary model was constructed without BMI because BMI is a component of the VAI formula. A BMI-adjusted VAI model was

additionally performed as a sensitivity analysis and did not alter the non-significant associations of main meal count and snack meal count with VAL

B: unstandardized regression coefficient; CI: confidence interval; BMI: body mass index; AIP: atherogenic index of plasma; VAI: visceral adiposity

index. Sex was coded as 0 = female and 1 = male; smoking status and regular exercise were coded as 0 =no and 1 = yes. Significant predictors are

marked with an asterisk.

Overall, although meal-frequency variables showed significant
associations with AIP and/or VAI in unadjusted analyses, these
associations did not persist after adjustment for demographic,

anthropometric, and lifestyle-related covariates.

DISCUSSION

In this single-center cross-sectional study of 347 medication-
free overweight and obese adults, neither daily main meal count
nor snack frequency was independently associated with AIP or
VAI in multivariable analyses. The AIP model was adjusted for
age, sex, BMI, smoking status, and regular exercise, whereas
the primary VAI model was constructed without BMI to avoid
mathematical coupling because BMI is a component of the
VAI formula. The crude associations observed in unadjusted
analyses—a positive association between main meal count and
AIP, and inverse associations between snack frequency and both
indices—did not persist after multivariable adjustment, and the
BMI-adjusted VAI sensitivity model yielded the same conclusion
regarding meal-frequency variables. Considered together, these
findings suggest that eating-occasion frequency, when assessed
without information on dietary composition, energy intake, and
meal timing, may have limited independent explanatory value

for AIP or VAI in medication-free adults with excess weight.

The absence of an independent meal-frequency signal is

consistent with the most recent meta-analytic evidence in
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adults. The systematic review by Blazey et al. [16], which
pooled randomized trials comparing restricted (<3 meals/day)
with unrestricted (>4 meals/day) eating frequency, reported
no consistent advantage of either pattern on body weight or
biochemical cardiometabolic outcomes, and rated the majority
of included trials at high risk of bias. Abdollahi et al. [4] observed
small reductions in total and LDL-cholesterol with higher
meal frequency in randomized trials, but no consistent effect
on triglycerides, HDL-cholesterol, or insulin homeostasis—
the very components from which AIP and VAI are derived.
More recently, Liu et al. [17] found that lower meal frequency,
when combined with time-restricted eating or earlier caloric
distribution, was associated with modestly greater weight
loss; effect sizes, however, were small and heterogeneity was
substantial. Our null-adjusted findings extend these intervention-
based data to a clinically uncharacterized, drug-naive outpatient
population assessed before treatment-related influences could
distort the diet-index relationship.

The crude inverse association between snack frequency and both
indices warrants careful interpretation. Although participants
reporting one snack per day had lower AIP and VAI values than
those reporting no snacks, this gradient did not persist after
adjustment, indicating confounding rather than a direct protective
effect. Several non-causal mechanisms remain plausible.

First, snack frequency may behave as a behavioral marker for
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broader dietary structure—a more even distribution of energy,
fiber, and micronutrient intake across the day—rather than as
an independent metabolic exposure [5]. Second, the absence
of inter-meal snacks may reflect prolonged post-absorptive
intervals followed by larger discrete meals. This pattern can
adversely affect postprandial triglyceride-rich lipoprotein
handling, particularly in individuals with greater visceral
adiposity [18]. Third, snack composition was not characterized;
the association between snacking and cardiometabolic risk
depends heavily on the food matrix consumed, with consistent
evidence linking ultra-processed snack intake to adverse lipid
and adiposity profiles [19]. Because we did not capture total
energy intake, macronutrient distribution, snack composition,
or circadian timing, these explanations remain hypothesis-
generating. Another possible explanation is pre-assessment
lifestyle modification. Because the study population consisted
of individuals presenting for a first cardiological assessment,
participants with higher perceived cardiometabolic risk may
already have modified their eating habits before admission,
including reducing or avoiding snacks. Therefore, lower snack
frequency should not be interpreted as a stable long-term dietary
exposure. In a cross-sectional design, such behavior change
before clinical evaluation may produce reverse causality and may
partly explain why crude associations between snack frequency
and AIP/VAI disappeared after multivariable adjustment.

A further issue is that meal frequency should not be interpreted
as a comprehensive nutritional exposure. Although the present
study focused on eating-occasion frequency, we did not
standardize or quantify participants’ overall dietary intake. Diet
type, total energy intake, macronutrient distribution, dietary
quality, and snack composition were not assessed using a
validated food frequency questionnaire, dietary recall, or dietary
record. This is important because AIP and VAl are partly driven
by triglyceride and HDL-cholesterol concentrations, which
may be influenced not only by the number of eating occasions
but also by energy balance, carbohydrate quality, fat quality,
alcohol intake, and the degree of food processing. Therefore,
the null adjusted association between meal frequency and AIP/
VALI should be interpreted as evidence that eating-occasion
count alone was not independently informative in this cohort,
not as evidence that dietary composition or dietary quality is
unrelated to these indices.

The exploratory sex-stratified VAI analyses suggested that

the crude inverse correlation between snack frequency and

Lule NO, et al.

VAI was confined to men, with no significant correlations
among women. This pattern is biologically coherent rather
than confirmatory. Men accumulate disproportionately greater
intra-abdominal adipose tissue than premenopausal women
at any given BMI, and this depot is the principal driver of
fasting hypertriglyceridemia and of exaggerated postprandial
[18,20].
influence triglyceride-rich lipoprotein metabolism—including

triglyceride excursions Behavioral patterns that
meal spacing—may therefore produce a more detectable signal
on a triglyceride- and HDL-driven index such as VAI in men
than in women, in whom subcutaneous gluteofemoral storage
buffers postprandial lipid flux [18]. Sex stratification reduced
statistical power, the analyses were correlation-based rather
than multivariable, and the design cannot identify mediation;
we therefore present this observation as hypothesis-generating

only.

Regular exercise was the sole lifestyle variable independently
and inversely associated with both AIP and VAI Although
exercise was recorded as a binary self-reported variable—
precluding inference about modality, intensity, or volume—the
direction and magnitude of the association are consistent with
the well-established lipid-modifying effects of habitual aerobic
and combined-modality exercise on triglyceride and HDL-
cholesterol metabolism [21,22]. Because triglycerides and
HDL-cholesterol are constitutive components of both indices,
an exercise effect on lipid metabolism would be expected to
propagate into both AIP and VAI From a clinical standpoint,
regular exercise emerged as the only modifiable lifestyle
correlate to retain independent informativeness in this cohort,
reinforcing the emphasis placed on physical activity in primary
cardiovascular prevention guidance. The higher prevalence
of reported regular exercise among participants with obesity
requires cautious interpretation. Rather than indicating a lower-
risk lifestyle profile, this unexpected distribution may reflect
reverse causality or recent behavioral modification, whereby
individuals with obesity may have initiated exercise in response
to weight gain, perceived cardiometabolic risk, or prior lifestyle
advice before their first cardiological assessment. Because
exercise was recorded as a binary self-reported variable, the
duration of this behavior, intensity, adherence, and whether
it preceded or followed weight gain could not be determined.
Therefore, although regular exercise was independently
associated with lower AIP and VA, this association should be

interpreted as observational rather than causal.
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The differential explanatory power of the two outcome models
also merits comment. The AIP regression model accounted
for more variance than the primary BMI-free VAI model (R?
= 0.238 vs. 0.112). This is mechanistically plausible because
AIP is a direct mathematical function of triglyceride and HDL-
cholesterol values, both of which are closely related to age, sex,
BMI, and exercise. VAI, in contrast, is a composite sex-specific
index incorporating waist circumference, BMI, triglycerides,
and HDL-cholesterol;

requires particular caution when anthropometric variables

therefore, its regression modeling
are considered [9,15]. The lower R? of the primary VAI model
should not be interpreted as evidence that VAI is biologically
weaker, but rather as a reflection of the different mathematical
structure of the index and the deliberate exclusion of BMI from

the primary VAI model to avoid mathematical coupling.

An important methodological issue concerns the use of BMI
in regression models in which VAI is the dependent variable.
Because BMI is an explicit component of the VAI formula,
entering BMI as an independent predictor may introduce
mathematical coupling and complicate coefficient interpretation.
For this reason, we considered the BMI-free VAI model as the
primary model, while the BMI-adjusted model was retained only
as a sensitivity analysis. Importantly, the lack of independent
associations between meal-frequency variables and VAI was
unchanged in both approaches. This consistency supports the
robustness of the main conclusion regarding meal frequency,
while avoiding overinterpretation of BMI coefficients in a BMI-
derived outcome.

The significant age difference between overweight and obese
participants should also be considered when interpreting the
unadjusted group comparisons. Participants with obesity were
older than those with overweight, and age is known to influence
lipid metabolism, visceral adiposity, and cardiometabolic
risk accumulation. Therefore, the higher AIP and VAI values
observed in the obese group should notbe interpreted as reflecting
BMI category alone. To reduce this potential confounding, age
was included as an adjustment variable in the multivariable
regression models. In these adjusted analyses, age remained
independently associated with both AIP and VAI, supporting
its relevance as an important covariate in the interpretation of

cardiometabolic indices.

Several methodological features strengthen the present analysis.

The cohort was deliberately confined to medication-naive adults
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without any documented chronic disease, allowing a cleaner
assessment of the diet-index relationship than is possible in
samples that include individuals receiving lipid-lowering,
glucose-lowering, or antihypertensive therapy—conditions
that have repeatedly been shown to bias dietary association
estimates [4,17]. All anthropometric measurements were taken
in triplicate by a single trained investigator, reducing inter-
observer variability. The analytical strategy was also revised
to address the concern of mathematical coupling by treating
the BMI-free VAI model as the primary analysis and retaining
the BMI-adjusted VAI model only as a sensitivity analysis.
Both AIP and VAI are validated lipid- and adiposity-derived
indices that perform robustly as cardiometabolic risk markers
in observational cohorts and have been associated with incident

cardiovascular disease and mortality [9,10,23.24].

Limitations

Several limitations should be considered. First, the cross-
sectional design precludes any inference about temporal
direction or causality; individuals with less favorable metabolic
profiles or higher perceived cardiometabolic risk may have
modified their eating behavior before their first cardiological
assessment, including reducing or avoiding snacks. In addition,
the significant age difference between BMI groups may have
influenced unadjusted comparisons of cardiometabolic indices,
although age was included as a covariate in the multivariable
regression models. Second, meal frequency was captured
using a simple ordinal interview variable that recorded eating
occasions but did not capture portion size, total energy intake,
macronutrient distribution, dietary pattern, dietary quality,
snack composition, food processing level, eating speed, or
meal timing. No validated food frequency questionnaire, 24-
hour dietary recall, dietary record, or caloric assessment was
used. Therefore, dietary standardization and caloric adjustment
could not be performed, and residual confounding by overall
nutritional status and dietary composition cannot be excluded.
Third, physical activity, smoking, and alcohol use were self-
reported and may be subject to recall or social desirability bias.
In addition, alcohol consumption was assessed only as a binary
self-reported variable and was not incorporated into the primary
regression models because of its low prevalence and the absence
of quantitative information on alcohol dose, frequency, beverage
type, or drinking pattern. Therefore, residual confounding
related to alcohol intake cannot be fully excluded. Moreover,
regular exercise was recorded only as a binary variable, without

information on duration, intensity, modality, adherence, or
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whether exercise behavior had been recently initiated in response
to weight gain or perceived cardiometabolic risk. Fourth, because
BMI is incorporated into the VAI formula, including BMI as an
independent predictor in VAI regression models may introduce
partial mathematical coupling. To address this issue, the BMI-
free VAI model was considered the primary model, whereas the
BMI-adjusted model was retained only as a sensitivity analysis.
The lack of independent associations between meal-frequency
variables and VAI was unchanged across both approaches. Fifth,
27 participants had fasting glucose values at or above 126 mg/
dL, the diagnostic threshold for diabetes; although none had a
formal diabetes diagnosis and none had HbAlc values above
6.5%, their inclusion introduces some heterogeneity into the
intended cardiometabolic-disease-free framing. A sensitivity
analysis restricted to participants with fasting glucose below 126
mg/dL produced results qualitatively similar to those of the full
sample. Finally, the single-center cardiology outpatient setting
may limit generalisability to primary-care or community-based

populations.

CONCLUSION

In drug-naive overweight and obese adults without a prior
cardiometabolic diagnosis, daily eating-occasion count alone
did not provide independent information for AIP- or VAI-
based risk stratification after adjustment for demographic,
anthropometric, and lifestyle-related covariates. In this cross-
sectional cohort, age, sex, BMI, and habitual exercise appeared
to be the most consistently associated factors with AIP and/
or VAI, whereas reported eating frequency did not provide
independent information after adjustment for these covariates.
Therefore, eating frequency should be interpreted cautiously and
considered mainly as a crude marker of unmeasured dimensions
of dietary structure, including energy intake, food matrix, and
circadian timing. Future studies should integrate detailed dietary
assessment, separate eating-occasion frequency from meal size
and dietary quality, characterize snack composition, and ideally

use prospective designs to clarify temporal relationships.
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Sevil Ceyhan Dogan, MD Objective: Fatigue frequently occurs after spinal cord injury (SCI) and can markedly
Address: Department of Physical diminish quality of life. Studies involving different patient groups have reported
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Methods: A single-center, cross-sectional design was used to compare 25 individuals
with SCI with 25 healthy participants matched for age and sex. Serum 25(OH) D was
assayed to characterize vitamin D status. The Chalder Fatigue Scale (CFS) was used
to quantify fatigue, whereas the Functional Independence Measure (FIM) provided the
measure of functional independence. Correlations of serum 25(OH) D with CFS scores
were calculated within the SCI cohort.

Results: Compared with controls, participants with SCI showed reduced serum 25(OH) D
concentrations (19.82 & 10.69 vs. 29.20 + 14.83 ng/mL, p = 0.014) and elevated physical,
mental, and total fatigue scores (all p < 0.001). In the SCI group, serum vitamin D was
inversely related to total fatigue (rs =—0.899, p < 0.001) and physical fatigue (rs=—0.955,
p < 0.001); the inverse relation with mental fatigue was moderate (rs = —0.479, p =
0.015). Its association with the FIM motor score was not statistically significant. After
adjustment for time since injury, AIS grade, and injury level, the inverse associations
©2026. The copyright of this article is with physical and total fatigue persisted (partial rs = —0.945 and —0.882, respectively;
retained by the author(s). both p <0.001).

Conclusion: Low vitamin D status was frequent among individuals with SCI and was
OPEN a ACCESS accompanied by greater fatigue, most notably in the physical domain. Serum vitamin D

was inversely associated with fatigue in this population; however, the cross-sectional

design precludes causal inference, and shared determinants such as immobility and
This work is licensed under a Creative. reduced sun exposure may partly explain this relationship. Larger prospective and

Commons Attribution-NonCommercial

. . interventional studies are required to define this relationship more clearly.
4.0 International License.

This license permits the free sharing and
adaptation of the work for non-commercial Keywords: fatigue, serum 25(OH) D level, spinal cord injury, vitamin D
purposes, provided that appropriate attribution
is given to the original author(s) and to its
initial publication in this journal.

496


https://eurjther.com/index.php/home/index
https://doi.org/10.58600/eurjther3191
mailto:sevilceyhan@cumhuriyet.edu.tr
https://creativecommons.org/licenses/by-nc/4.0/.
https://creativecommons.org/licenses/by-nc/4.0/.
https://creativecommons.org/licenses/by-nc/4.0/.
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-6713-5888
https://orcid.org/0000-0003-1570-8848

European Journal of Therapeutics (2026)

INTRODUCTION

SCI interrupts the neural pathways responsible for motor,
sensory, and autonomic functions and constitutes a major
neurological disorder. Beyond the primary neurological deficit, it
carries substantial morbidity and can markedly diminish quality
of life [1]. Secondary consequences are not limited to physical
disability; chronic pain, fatigue, and psychological problems
may also occur and may complicate rchabilitation and daily

functioning [2].

Fatigue is one of the frequently reported complaints among
individuals with SCI and may substantially restrict participation
and quality of life [3]. In this population, fatigue is considered
a multidimensional symptom that may reflect reduced physical
capacity, inflammatory mechanisms, sleep problems, pain, and
psychological factors [4]. Identifying potentially modifiable
contributors to fatigue is therefore clinically important. Vitamin
D has received growing attention not only for its role in bone
metabolism but also for its effects on neuroimmune and
neuromuscular function [5]. Because vitamin D receptors are
distributed across numerous tissues, including neural structures,
its physiological actions are thought to extend beyond bone [6].
Suboptimal vitamin D concentrations have been related to muscle
weakness, heightened inflammatory activity, and neurological
impairment [6,7]. Among people with SCI, inadequate vitamin
D status is frequently observed. Prior investigations indicate that
low concentrations are common in this population and could

adversely influence rehabilitation and functional recovery [8].

Main Points

*  Serum 25(OH)D levels were found to be significantly
lower in patients with spinal cord injury compared to
healthy controls.

* In the spinal cord injury group, a strong negative
correlation was observed between serum vitamin D
levels and total fatigue and physical fatigue, whilst a
moderate negative correlation was found with mental

fatigue.

» Vitamin D deficiency may be a modifiable factor
associated with physical fatigue in particular among

patients with spinal cord injury

* Prospective studies are required to clarify the causality
between low vitamin D levels and fatigue in patients

with spinal cord injury.

Atas M, Ceyhan Dogan S.

They have also been associated with complications that arise
after SCI [9]. Recent attention has focused on possible links
between vitamin D deficiency and pain, including neuropathic
pain [9,10]. Findings from neurological populations indicate
that lower vitamin D concentrations may accompany a heavier
symptom burden [11]. Although links between vitamin D and
fatigue have been explored in several clinical conditions, SCI-

specific evidence remains scarce.

Few studies have directly related circulating 25-hydroxyvitamin
D [25(0OH) D] to fatigue after SCI. We therefore assessed
whether serum 25(OH) D concentration was associated with
fatigue severity in individuals with SCI and explored the clinical
importance of this association. To our knowledge, this is among
the first studies to examine the relationship between serum
25(0OH) D and fatigue specifically in SCI while analysing the
physical and mental fatigue domains separately against an age-
and sex-matched control group, thereby addressing a gap left by
earlier work that focused on vitamin D deficiency and its skeletal

or prognostic correlates rather than on fatigue.

MATERIALS AND METHODS

Study Design and Participants

A single-center cross-sectional approach was adopted to
investigate serum 25(OH) D in relation to fatigue among
patients with SCI. Data collection took place at the Department
of Physical Medicine and Rehabilitation within the Faculty of
Medicine at Sivas Cumhuriyet University. A total of 25 patients
with SCI who were at least one month beyond the injury were
enrolled, together with 25 healthy controls matched by age and
sex. Individuals who had received vitamin D supplementation
within the preceding six months were excluded, and all blood
samples were obtained during the autumn season to limit seasonal
variation in 25(OH) D.

Ethical Approval

Ethics clearance was granted by the Non-Interventional Clinical
Research Ethics Committee of Sivas Cumbhuriyet University
(Decision No: 2023-07/07; Date: July 20, 2023). Every
participant provided written informed consent before entering
the study. Study procedures were implemented in accordance
with the Declaration of Helsinki.

Inclusion and Exclusion Criteria
Eligibility for the SCI cohort required a diagnosis of SCI, a
post-injury interval of at least one month, an age of 18 years or
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older, willingness to participate, and adequate cognitive ability to
complete the assessments. The control group consisted of adults
aged 18 years or older without a history of SCI or any central
nervous system disorder, with a similar age and sex distribution in
the SCI group. Participants were excluded if they had a traumatic
brain injury, electrolyte imbalance, thyroid dysfunction, iron
deficiency anemia, a known psychiatric disorder, a systemic
disease that could affect vitamin D metabolism, or if they

declined participation.

Data Collection

Age and sex were recorded, while height and body weight were
obtained by measurement. Body mass index (BMI) was computed
as body weight in kilograms divided by height in meters squared
(kg/m?). For participants with SCI, the neurological level
and completeness of injury were determined by a physiatrist
using a standardized International Standards for Neurological
Classification of Spinal Cord Injury (ISNCSCI) examination,
from which the AIS grade and the classification as tetraplegia
or paraplegia were derived; time since injury (months) and
injury etiology were recorded from the ISNCSCI assessment and
verified against the medical records. The Chalder Fatigue Scale
and the Functional Independence Measure were administered
face-to-face by a single trained physiatrist who was blinded
to participants' serum 25(OH) D results, which were obtained

separately as routine central-laboratory tests.

Assessment of Vitamin D Levels

Serum 25(OH) D concentration served as the measure of vitamin
D status. Serum 25(OH) D was quantified in the hospital's central
biochemistry laboratory as part of routine clinical testing on a
Roche cobas ¢ 802 immunoassay module (Roche Diagnostics
GmbH, Mannheim, Germany)usinganelectrochemiluminescence
immunoassay (ECLIA); the inter-assay coefficient of variation
was 4.7%. Because this biomarker reflects vitamin D derived
from dietary sources as well as endogenous synthesis, it is
considered an appropriate indicator of overall vitamin D status
[12]. Thresholds specified in the Endocrine Society clinical
practice guideline were applied: values <20 ng/mL indicated
deficiency, >20 to <30 ng/mL indicated insufficiency, and >30
ng/mL indicated sufficiency [13].

Evaluation of Fatigue
Fatigue severity was assessed using the Chalder Fatigue Scale
(CFS). The scale includes 11 items that assess physical and

mental fatigue and are widely used in clinical and community-
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based studies [14]. Each item receives a score between 0 and
3; higher scores correspond to greater fatigue severity [15]. The
scale comprises seven physical-fatigue items (subscale range
0-21) and four mental-fatigue items (subscale range 0-12),
giving a total score of 0—33. All items are anchored in the same
direction so that higher values consistently indicate greater
fatigue, and Likert scoring (0-3 per item) was applied exactly
as specified for the validated Turkish version [16]. Validity and
reliability have been confirmed for the Turkish adaptation [16].

Evaluation of Function

The Functional Independence Measure (FIM) provided the
assessment of functional ability. This 18-item instrument
comprises 13 motor items (self-care, sphincter management,
transfers, and locomotion; motor subscore range 13-91) and 5
cognitive items (communication and social cognition; cognitive
subscore range 5-35), and is an established, reliable rehabilitation
outcome measure; higher scores indicate better functional
independence [17-19]. Because the present study focused on
physical function and its relationship with fatigue and vitamin
D, only the motor subscore (the sum of the 13 motor items) was
analysed. The cognitive subscore was not examined, as adequate
cognition was an inclusion requirement and cognitive scores
showed a pronounced ceiling effect with minimal variability in
this cohort.

Statistical Analysis

Analyses were performed with IBM SPSS Statistics 22.0 (IBM
Corp., Armonk, NY, USA). The sample size was determined
a priori for the primary endpoint, namely the between-group
difference in serum 25(OH) D concentration. Assuming a large
effect size (Cohen's d ~ 0.94), consistent with earlier reports of
substantially lower vitamin D status in individuals with SCI,
a 2-sided alpha of 0.05 and a target power of 0.90 required
25 participants per group; the calculation yielded a power of
0.904. The Shapiro-Wilk test assessed whether continuous
variables followed a normal distribution. Normally distributed
variables are summarized using the mean and standard deviation;
variables with non-normal distributions are given as median with
minimum and maximum values. Age, height, weight, and body
mass index were normally distributed, whereas serum 25(OH) D
and the Chalder Fatigue Scale scores departed from normality;
these were therefore compared with the Mann-Whitney U test
and correlated using Spearman's rank coefficient. Two-group
comparisons used the independent-samples t-test when its
assumptions were fulfilled; otherwise, the Mann-Whitney U
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test was applied. Categorical variables were evaluated with the
Chi-square test. Within the SCI cohort, associations of serum
25(OH) D with the total CFS score and the physical and mental
subscale scores were examined by Spearman's rank correlation.
To address potential confounding, partial Spearman correlations
between serum 25(OH) D and physical and total fatigue were
additionally computed, adjusting for time since injury, AIS grade,
and injury level (tetraplegia vs. paraplegia). For non-normally
distributed variables, medians with minimum-maximum values
and the rank-biserial correlation (as a rank-based effect size) are
reported alongside the Mann-Whitney U test, whereas Cohen's d
is reported only for normally distributed variables. Results with

p <0.050 were accepted as statistically significant.

RESULTS

Atotal of 25 individuals with SCI and 25 healthy controls formed
the study sample. Within the SCI group, 9 participants (36%) had
tetraplegia and 16 (64%) had paraplegia; American Spinal Injury
Association Impairment Scale (AIS) grades were Ain 2, C in 10,
and D in 13. The injury was traumatic in 17 participants (68%)

and non-traumatic in 8 (32%). The median time since injury
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was 24 months (interquartile range 6—48; range 2-372), with 11
participants (44%) classified as subacute (under 12 months) and
14 (56%) as chronic (12 months or longer). All participants were
wheelchair-dependent for ambulation. Age, sex, height, weight,
and BMI did not differ significantly between the groups (all p >
0.05) (Table 1).

The SCI group had a lower mean serum 25(OH) D concentration
than the control group (19.82 4 10.69 ng/mL vs. 29.20 + 14.83 ng/
mL, p = 0.014). According to the Endocrine Society thresholds,
14 of the 25 participants with SCI (56%) were vitamin D deficient
(<20 ng/mL), 8 (32%) were insufficient (>20 to <30 ng/mL), and
3 (12%) were sufficient (>30 ng/mL).

Fatigue was greater among participants with SCI. Their mean
physical fatigue score was 13.48 + 2.54, compared with 4.48
+ 2.00 in controls (p < 0.001), while the corresponding mental
fatigue scores were 5.68 £ 1.44 and 1.96 + 1.46 (p <0.001). Total
CFS scores were likewise higher in the SCI group (19.16 + 3.41
vs. 6.44 £ 3.25, p <0.001) (Table 2).

Table 1. Demographic and clinical characteristics of the study groups

Variable SCI (n = 25) Control (n = 25) P
Age (years) 44.36 + 18.25 45.48 £19.62 0.835
Height (cm) 173.24 + 6.49 173.56 + 7.62 0.874
Weight (kg) 76.36 +10.17 73.88+10.91 0.410
BMI (kg/m?) 25.39 £2.67 24.45+2.57 0.208
Male, n (%) 23 (92) 23 (92) 1.000
Female, n (%) 2(8) 2(8) 1.000
Clinical characteristics (SCI group)
Injury type — Tetraplegia, n (%) 9 (36) - -
Paraplegia, n (%) 16 (64) - -
AIS grade —A/C/D,n 2/10/13 - -
Etiology — Traumatic, n (%) 17 (68) - -
Non-traumatic, n (%) 8(32) - -
Time since injury (months), median (IQR) 24 (6-48; range 2-372) - -
Subacute (<12 mo) / Chronic (>12 mo), n 11/14 - -
Ambulation — Wheelchair-dependent, n (%) 25 (100) - -

Data are mean £ SD unless otherwise stated. p from independent-samples t-test (continuous variables) or chi-square test (categorical variables).

Clinical variables apply to the SCI group only. AIS, American Spinal Injury Association Impairment Scale; BMI, body mass index; IOR, interquartile

range; SCI, spinal cord injury; —, not applicable.
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An inverse association was observed between serum vitamin D
concentration and total CFS score (rs = —0.899, p < 0.001). The
inverse relation with the physical fatigue subscale was also strong
(rs=-0.955, p<0.001), whereas a moderate inverse relation was
detected for the mental fatigue subscale (rs =—0.479, p = 0.015)
(Figure 1). The 95% confidence intervals for these coefficients were
—0.955 to —0.782 for total fatigue, —0.980 to —0.900 for physical
fatigue, and —0.735 to —0.103 for mental fatigue; all coefficients
with their confidence intervals are also presented in Table 3.

These associations persisted after adjustment for potential

confounders. In partial Spearman correlations controlling for
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time since injury, AIS grade, and injury level (tetraplegia vs.
paraplegia), the inverse relationship of serum 25(OH) D remained
strong for physical fatigue (partial rs =—0.945, p <0.001) and for
total fatigue (partial rs = —0.882, p < 0.001), indicating that the
association was not explained by these clinical characteristics.

Vitamin D level showed a positive but statistically non-significant
correlation with the FIM motor score (rs = 0.371, p = 0.068)
(Table 3). This near-threshold result should be interpreted with
caution, as the modest sample (n = 25) may have limited the
statistical power to detect an association of this magnitude.

Table 2. Serum 25(OH)D and Chalder Fatigue Scale scores by group

Variable Sn?ela(lil:k Szli) Coif:ingDZS) S(i{ﬂ“_‘::;z;l media(ljlo(lllltlli‘::l—max) P bil:::il;l r Cohen’s d (95% CT)
(S;;;SS(OH)D 19.82+10.69 | 29.20+14.83 | 19.0(5.7-53.0) | 25.0(12.0-62.0) 0.014 0.41 —0.73 (-1.30, —0.15)
CFS physical (0-21) | 13.48 +2.54 4.48 £2.00 13 (7-17) 4 (0-7) <0.001 0.99 3.94(2.99, 4.89)
CFS mental (0-12) 5.68+1.44 1.96 + 1.46 6 (3-8) 2 (0-4) <0.001 0.94 2.57(1.82,3.32)
CFS total (0-33) 19.16 £3.41 6.44+3.25 18 (11-25) 6 (1-11) <0.001 0.99 3.82(2.88,4.75)

Data are mean + SD and median (minimum—maximum). The Chalder Fatigue Scale was scored 0-3 per item in accordance with the validated
Turkish version (physical 0-21, mental 012, total 0-33). p from Mann—Whitney U test; because these variables were non-normally distributed, the
rank-biserial correlation is reported as the primary, rank-based effect size, with Cohen's d provided for reference. Exact p-values for the fatigue

comparisons were <0.001 (physical 1.7x10°°, mental 1.1x107 total 1.5x107°). CFS, Chalder Fatigue Scale; CI, confidence interval; SCI, spinal

cord injury; 25(OH)D, 25-hydroxyvitamin D.
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Figure 1. Correlations between serum 25(OH) D and Chalder Fatigue Scale scores in the SCI group (n = 25). Scatterplots with
fitted regression lines for physical, mental, and total fatigue. Each panel shows the Spearman rank correlation coefficient (rs),
its 95% confidence interval, and the corresponding p-value. CFS, Chalder Fatigue Scale; SCI, spinal cord injury; 25(OH) D,
25-hydroxyvitamin D. The straight lines are ordinary least-squares fits shown for visual guidance only and do not represent the

analysed rank-based (Spearman) model.

500



European Journal of Therapeutics (2026)

Atas M, Ceyhan Dogan S.

Table 3. Correlations of serum 25(OH)D with fatigue and function in the SCI group

Association s 95% CI p
Unadjusted (zero-order) correlations

Serum 25(OH)D — CFS total —0.899 —0.955 to —0.782 <0.001
Serum 25(OH)D — CFS physical —0.955 —0.980 to —0.900 <0.001
Serum 25(OH)D — CFS mental —0.479 —0.735 to —0.103 0.015
Serum 25(OH)D — FIM motor 0.371 —0.028 to 0.668 0.068
Partial correlations (adjusted for time since injury, AIS grade, and injury level [tetraplegia vs. paraplegia])

Serum 25(OH)D — CFS physical (adjusted) —0.945 —0.98 to —0.87 <0.001
Serum 25(OH)D — CFS total (adjusted) —0.882 —0.95to —0.73 <0.001

rs, Spearman rank correlation coefficient; zero-order 95% Cls derived by Fisher z-transformation; confidence intervals for the partial coefficients

were obtained by the same transformation with the standard error adjusted for the number of covariates (degrees of freedom n — 3 — k, where k

is the number of variables partialled out). Partial correlations are partial Spearman coefficients (n = 25) adjusting simultaneously for time since

injury, AIS grade, and injury level; the inverse associations with physical and total fatigue remained strong after adjustment. CFS, Chalder Fatigue

Scale; CI, confidence interval; FIM, Functional Independence Measure; SCI, spinal cord injury.

DISCUSSION

Relative to matched healthy controls, participants with SCI
showed reduced serum 25(OH) D concentrations and greater
fatigue. Within the SCI cohort, lower vitamin D concentrations
accompanied higher fatigue scores, and this association was most
pronounced for physical fatigue. These observations indicate
that inadequate vitamin D status may have clinical relevance to
fatigue after SCI.

Fatigue after SCI is a complex symptom that may arise from
physical deconditioning, inflammatory processes, pain, sleep
disturbance, and psychological factors [4,20]. Previous literature
indicates that fatigue is common in SCI and may impair quality
of life and functional independence [21]. The present results
are consistent with these observations, as patients with SCI had
markedly higher CFS scores than controls.

Vitamin D has been studied extensively because its effects extend
beyond skeletal metabolism. Vitamin D receptors are widely
expressed in muscle and nervous tissue, supporting a role in
neuromuscular function [22,23]. Vitamin D insufficiency has been
associated with muscle weakness, mitochondrial dysfunction,
and increased inflammatory response [24,25]. Mechanistically,
vitamin D supports skeletal-muscle contractile performance
and calcium handling, modulates neuroinflammatory signalling,
and contributes to mitochondrial oxidative capacity, providing
plausible pathways by which deficiency could heighten physical
fatigue. These mechanisms may contribute to fatigue, particularly

in chronic neurological conditions. However, several of these
mechanistic findings derive from non-SCI and non-neurological
models, including studies in athletes, obese pregnant women,
and in vitro or animal muscle preparations, so their extrapolation

to SCI remains hypothesis-generating.

Previous work has documented a substantial burden of
vitamin D insufficiency among individuals with SCI [26].
Restricted mobility, reduced sunlight exposure, and coexisting
chronic health problems could help explain the low vitamin D
concentrations in this population [27]. In our sample, 25(OH)
D concentrations in the SCI group were significantly below
those of the controls. The inverse association with vitamin D
was most evident for the physical component of fatigue. The
mean 25(OH) D of the control group (29.20 ng/mL) itself lay
within the insufficiency range, reflecting the high background
prevalence of vitamin D inadequacy in this setting and possibly
attenuating the between-group difference. The strength of
the observed correlation, particularly for physical fatigue
(rs=—0.955), is unusually high for a biological association and
warrants cautious interpretation. Because reduced mobility and
limited sun exposure can simultaneously lower 25(OH) D and
increase physical fatigue, these shared determinants, rather than
a direct causal effect of vitamin D, may substantially account
for the magnitude of the association; the relationship nonetheless
persisted after adjustment for time since injury, AIS grade, and
injury level. Part of this very strong physical-fatigue association

may also reflect construct overlap rather than confounding
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alone. Because the physical-fatigue subscale is closely linked to
physical disability and immobility, and immobility itself lowers
25(0H) D, the physical-fatigue items and vitamin D status may
share variance at the level of measurement.

This pattern may be related to the contribution of vitamin D to
muscle performance and physical function. Earlier studies have
linked insufficient vitamin D status to poorer muscle performance

and diminished physical capacity [28,29].

Vitamin D and fatigue have also been investigated outside
the SCI population. A placebo-controlled randomized study
found that vitamin D3

supplementation lowered self-reported fatigue [30]. In contrast,

of vitamin D-deficient individuals

a recent randomized, double-blind, placebo-controlled trial in
individuals with chronic SCI reported no discernible effect of
vitamin D3 supplementation on secondary health outcomes,
including fatigue [31]; the present cross-sectional association
should therefore be interpreted cautiously and does not establish
that supplementation reduces fatigue. Our finding that lower
vitamin D concentrations accompanied higher fatigue scores
suggests that a clinically relevant relationship may also be

present in SCI.

The weaker correlation between vitamin D and mental fatigue
may reflect the multifactorial nature of cognitive or mental
fatigue, which may be more strongly influenced by psychological,

sleep-related and neurological variables.

This study also has notable strengths. Few investigations have
addressed vitamin D status in relation to fatigue among patients
with SCI while separately analyzing total, physical, and mental
fatigue. Comparisons were also strengthened by the inclusion of

a control group matched for age and sex.

Limitations

Several methodological limitations should be considered.
Because the design was single-center and cross-sectional, the
relationship between serum 25(OH) D concentration and fatigue
can be identified as an association but cannot be interpreted as
causal. Both study groups were predominantly male (92%), and
the sample size was relatively small, which limits generalizability
to women and reduces the statistical power of the findings. The
small sample also restricted detailed subgroup analyses based
on variables that reflect the heterogeneous nature of spinal cord

injury, such as etiology, injury level, complete/incomplete injury
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status, duration of illness, mobility level, and rehabilitation

intensity.

Fatigue is a multidimensional symptom, yet several potential
confounders were not comprehensively evaluated, including pain
intensity, sleep quality, depression and anxiety, physical activity,
nutritional status, sun exposure, seasonal variability, vitamin
D supplementation, and medication use. In particular, because
reduced mobility and limited sun exposure can simultaneously
lower 25(OH) D and increase fatigue, part of the observed
association may reflect these shared determinants rather than a
direct effect of vitamin D; although uniform autumn sampling
removed seasonal variation, mobility and sun exposure were
not quantified. The current findings therefore require validation
in larger, multicenter, prospective studies. Because the sample
was modest (n = 25) and three covariates were adjusted for
simultaneously, the partial correlations should be regarded
as exploratory, since such estimates can be unstable when the

number of observations per adjusted variable is limited.

CONCLUSION

Low vitamin D status occurred frequently in the SCI group and
was accompanied by higher fatigue, particularly in the physical
domain. These results raise the possibility that vitamin D status is
associated with fatigue; because the design was cross-sectional,
a causal or directly “modifiable” role cannot be inferred and
requires confirmation in interventional studies among individuals
with SCI. Furthermore, shared determinants such as immobility
and reduced sun exposure may contribute to both low vitamin D
and greater fatigue, so vitamin D may represent a marker rather

than a direct cause of fatigue in this setting.

Confirmation requires larger prospective studies, including
interventional designs, to establish the nature of this association
and assess whether restoring vitamin D sufficiency alleviates
fatigue in this population.
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Dear Editor,

odontoid epithelium and malignant mesenchymal stroma. A review of the literature revealed
approximately 100 documented cases. The clinical and histopathological heterogeneity of
the tumor can lead to diagnostic challenges, particularly in cases where limited biopsies
are conducted. A 22-year-old female patient was evaluated for a rapidly growing mass in
the posterior region of the mandible. Computerized tomography imaging revealed a mass
originating from the right mandible. Because no specific line of differentiation was identified
on histopathological examination and the immunohistochemical markers were nonspecific, the
differential diagnosis included Ewing sarcoma, synovial sarcoma, spindle cell carcinoma, and
small round cell tumors and mesenchymal neoplasms. It was ascertained that the patient had
previously undergone a biopsy, the results of which were not available, and the old specimens
were requested. Subsequent re-evaluation of the original specimens revealed the presence of
an odontogenic epithelial component, thus leading to the diagnosis of odontogenic sarcoma.
Odontogenic sarcoma can lead to diagnostic errors if the epithelial component cannot be

detected in small biopsies.

Keywords: ameloblastic fibrosarcoma, biphasic tumor, differential diagnosis, mandible,

odontoid sarcoma

of this neoplasm is as ameloblastic fibrosarcoma [1]. In the 4th
Edition of the World Health Organization’s Head and Neck

Odontogenic tumors are a heterogeneous group of lesions Tumors Blue Book, ameloblastic fibrosarcoma, ameloblastic

that originate from the epithelium, ectomesenchymal, and fibrodentinosarcoma, and ameloblastic fibroodontosarcoma

mesenchymal elements responsible for tooth development. The were classified under a single heading as “odontogenic sarcoma”

malignantneoplasmsinthis groupincludeodontogeniccarcinomas  [2] and are listed in the same manner in the Sth edition of this

and odontogenic sarcomas. Odontogenic sarcoma is a biphasic  book, published in 2023 [3]. These tumors, which are reported

neoplasm composed of benign odontogenic epithelium and infrequently in the literature, are most commonly observed in the

malignant mesenchymal stroma. The most common presentation  second and third decades of life and are most frequently localised
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in the mandible. Clinically, they exhibit local aggressive behavior
and have a high tendency for recurrence [3]. The diagnosis of
this condition can be challenging, particularly in cases where
incisional biopsy specimens are available for analysis. This article
presents a case of an odontogenic sarcoma that developed in the
mandible. This report aims to raise awareness of odontogenic
sarcomas among pathologists who have limited experience with

odontogenic lesions.

A22-year-old female patient presented with a mass in the posterior
region of the mandible, causing skin ulceration (see Figures 1A-
B). It was ascertained that the patient had previously undergone
a biopsy in Syria; however, a definitive diagnosis could not be
established. A detailed analysis of the patient’s medical history
and physical examination was conducted, and the results of a
Computed Tomography (CT) scan were reviewed. The CT scan
revealed the presence of a diffuse infiltrative mass originating
from the right mandible, which extended to the lateral aspect
of the right orbit and the lateral portion of the sphenoid bone.
This mass appeared to cause destruction of the right zygomatic
bone and filling of the right cervical spaces (Figures 1C-E). The
radiological appearance was consistent with a locally highly
aggressive malignant neoplasm. In the sections prepared from
the diagnostic biopsy material, the tumor consisted of cells with a
hypercellular appearance, spindle-shaped, round, and polygonal
forms, large, hyperchromatic, and pleomorphic nuclei, clear-
eosinophilic cytoplasm, and marked nuclear atypia (Figures 2A-
B). The mitotic count was 8 per 10 high-power fields.

Figure 1. Gross and radiological images of an odontogenic

sarcoma A-B. A mass lesion in the right lower jaw region,
protruding from the skin and exhibiting an ulcerated surface,
extending vertically C-E. A diffuse infiltrative tumor originating
from the right mandible and extending into the right orbit and
sphenoid bone on CT imaging (black arrows)

Uzun E, Erkilic S.

Figure 2. Histopathological images of an odontogenic sarcoma

A-B. A malignant neoplasm with undifferentiated spindle cells
(black arrows) observed in the biopsy obtained at our center
C-D. Ameloblastic epithelial islands (red arrows) observed in the

patient’s initial central slides, which contributed to the diagnosis

Furthermore, extensive areas of necrosis were observed within
the tumor. The initial morphological appearance indicated a
high-grade spindle/round-cell mesenchymal malignancy and
a broad differential diagnosis was established in consideration
of the tumor’s head-and-neck location and the patient’s age.
Immunohistochemical analysis of the specimen yielded positive
staining for Vimentin, CD99, Fli-1, and pl6. No positivity
was observed for S-100, SOX10, CD10, NSE, TLE-1, PanCK,
EMA, p40, Desmin, Actin, MyoD1, Myogenin, HMB-45, LCA,
CD33, CD34, CD56, NKX2.2, and SSX18 in the tumor cells.
The differential diagnoses included Ewing sarcoma/Ewing-
like sarcomas, synovial sarcoma, spindle cell squamous cell
carcinoma, fibrosarcoma, rhabdomyosarcoma, mesenchymal
CIC-DUX4 fusion sarcoma, and BCOR-

CCNB3-associated sarcoma. Although Ewing sarcoma was

chordosarcoma,

the most probable diagnosis, due to the positivity of CD99 and
Fli-1, this diagnosis was subsequently ruled out on the basis
of histomorphology and NKX2.2 negativity. The negativity
of TLE-1 and SSXI18 led us to rule out synovial sarcoma.
Negativity for myogenic markers resulted in the exclusion of
rhabdomyosarcoma; and negativity for pancytokeratin led to
the exclusion of epithelial malignancies. At this juncture, the
following options were considered: repeat biopsy, external
pathology consultation, or examination of the specimens
obtained in Syria if contact could be made with the first pathology
laboratory. The decision was taken to request the specimens from
the first center. In the sections prepared from the submitted blocks,
in addition to the sarcomatous appearance observed in the biopsy

taken at our center, an area of benign-appearing ameloblastic

507



European Journal of Therapeutics (2026)

epithelium was noted (Figures 2C-D). Consequently, the tumor’s
biphasic structure was established, and the case was diagnosed as

odontogenic sarcoma.

Odontogenic sarcomas represent a rare form of malignant
odontogenic tumors. The number of cases reported in the
literature is limited, and most cases have been reported under
the name “ameloblastic fibrosarcoma” [4]. The most recent
WHO classification is a significant update in terms of diagnostic
approach and terminology [3]. The grouping of these tumors
under the common heading of “odontogenic sarcoma” represents
a major development in this field. These tumors may arise de
novo or develop from a pre-existing ameloblastic fibroma.
In a systematic review by Ramani et al. [1], it was noted that
approximately 46.1% of reported cases were de novo, while
53.84% developed on the basis of an ameloblastic fibroma.
Odontogenic sarcomas are most commonly observed in young
individuals and in the mandible [5]. The presented case is
consistent with the extant literature in terms of the patient being
a 22-year-old woman and the posterior mandibular location.
Clinically, these tumors are rapidly growing lesions that cause
pain or mass effect; radiologically, they exhibit destructive
and expansive characteristics. In this case, the extension of the
lesion to the lateral aspect of the right orbit, the sphenoid bone,
and the soft tissues of the neck supports the tumor’s aggressive
biological behavior [6]. The histopathological hallmark of
odontogenic sarcoma is the presence of benign ameloblastic/
odontogenic epithelium in conjunction with a malignant stromal
component [7]. However, as in the present case, the inability to
sample this epithelial component in small biopsies can lead to
serious diagnostic challenges. In the presented case, the tumor
was initially considered to be consistent with an undifferentiated
high-grade spindle/round-cell mesenchymal malignancy, and
a very broad differential diagnosis list was prepared. In the
diagnosis of odontogenic sarcoma, immunohistochemistry
typically plays a role of exclusion rather than confirmation. The
positivity of vimentin in the stromal component is an expected
finding; however, results such as CD99 and Fli-1 positivity
can lead to diagnostic confusion. In the presented case, the
immunophenotype was instrumental in ruling out alternative
diagnoses, rather than establishing a definitive diagnosis.
The final diagnosis was established through a combination of
morphological re-evaluation and clinical-radiological correlation.
The extant literature indicates that odontogenic sarcomas exhibit
a high propensity for local recurrence, while metastasis is

comparatively rare [5]. Consequently, early diagnosis, surgical
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resection, and close follow-up are imperative.

Odontogenic sarcoma is a rare form of cancer that should be
considered in the differential diagnosis of aggressive lesions
developing in the mandible. It is important to note that the
absence of an odontogenic epithelial component in limited
biopsies may result in a misdiagnosis, potentially leading to
confusion with other spindle-cell or round-cell malignancies.
This case demonstrates that, in diagnosis, it is not only
immunohistochemical findings but also morphological details,
radiological spread, clinical information, and, when necessary,

re-evaluation of previous specimens that are decisive.
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