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EDITORIAL FOREWORD

Measurement, Standardisation, and the Quiet Work of
Clinical Evidence
Avicenna Anatolian Journal of Medicine, Volume 3, Issue 1

Dear Readers, Colleagues and Contributors,

With this first issue of our third volume, the Avicenna Anatolian Journal of Medicine enters a phase that
every young journal hopes to reach: the point at which the content, rather than the ambition, defines the
publication. The seven original contributions gathered here come from pathology, ophthalmology, medical
genetics, neurology, otorhinolaryngology, hepatology and emergency care. On the surface they share little.
Read together, however, they are unusually coherent, because each of them asks a version of the same
question: how do we measure what we claim to know, and what should change in practice once the
measurement is made?

That question opens the issue in its most literal form. In their study of macroscopic standardisation in large lung
tumours, the authors examine whether increasing the number of sampled blocks alters the prognostic parameters
reported for tumours exceeding three centimetres. Sampling protocols are rarely the subject of enthusiasm, yet
they sit upstream of staging, of adjuvant decision-making and ultimately of survival estimates. Work that
interrogates the reproducibility of the specimen itself deserves more attention than it usually receives.

A comparable concern with measurement runs through the cross-sectional analysis of screen time and visual
outcomes in school-aged children. Refractive error and visual acuity are among the most quantifiable outcomes
in clinical medicine; exposure to digital screens is among the least. By bringing the two together in a defined
paediatric population, the authors contribute local evidence to a debate that has been dominated by data from
other regions and other patterns of daily life.

The single-centre cohort of 306 male referrals evaluated for Fragile X syndrome across Eastern and
South-eastern Anatolia between 2019 and 2025 is, in our view, a particularly valuable contribution. Regional
genetic epidemiology is chronically under-reported, and referral-based series from areas with distinctive
demographic and consanguinity profiles carry information that no multicentre average can reproduce. Studies of
this kind are precisely what a journal rooted in Anatolia should be publishing.

Two papers in this issue address the appeal, and the limits, of simple derived biomarkers. The
fibrinogen-to-albumin ratio is evaluated as a diagnostic marker during migraine attacks, offering an inexpensive
index in a condition still diagnosed almost entirely on clinical grounds. In parallel, a study on chronic hepatitis
B management in Türkiye applies a novel algorithm built on non-invasive assessment, testing whether routinely
available parameters can carry decisions that have traditionally required biopsy. Both papers reflect a wider
movement in clinical medicine towards extracting more decision-relevant signal from data we already collect —
a movement that demands rigorous validation rather than enthusiasm alone.

The patient's own account of outcome is represented by the evaluation of quality of life following endoscopic
sinus surgery. Surgical series are frequently reported in terms of patency, revision rates and complications; what
the patient experiences afterwards is measured less often and less systematically. Adding validated
patient-reported outcomes to a surgical literature that has long favoured anatomical endpoints is a correction
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worth making.

Finally, the survey of resident physicians' knowledge and attitudes towards crush injury, compartment
syndrome and hyperbaric oxygen therapy speaks directly to a country that has learned, at great cost, what
preparedness means. Crush syndrome is not a rare curiosity in this geography, and the readiness of front-line
physicians is not an abstract educational metric. Where the study identifies gaps, it identifies a curriculum that
can be changed.

Taken together, these seven papers describe a modest but honest programme: refine the measurement, report the
local reality, question the marker before adopting it, and ask the patient. None of the articles in this issue claims
a paradigm shift. All of them add something a clinician can use, and we consider that the more difficult
achievement.

We are grateful to the authors who entrusted their work to a journal still establishing itself, and to the reviewers
whose unpaid and largely invisible scrutiny made this issue defensible. Our editorial policy remains unchanged:
constructive and timely peer review, adherence to international publication ethics, transparent declaration of the
use of artificial intelligence tools in the preparation of manuscripts, and an open door to investigators from
Anatolia and beyond who might otherwise struggle to find a hearing. We continue to welcome original research,
systematic reviews and well-documented case reports across all fields of medical science.

We hope this issue proves useful in your clinic, your laboratory and your teaching.

Ahmet Uluşan, MD, Professor
Editor-in-Chief
Chief Physician, Gaziantep City Hospital, Gaziantep, Türkiye

Ercan Korkut, MD, Associate Professor
Responsible Editor

Mehmet Emin Demir, MD, Associate Professor
Responsible Assistant Editor

On behalf of the Editorial Board
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ABSTRACT
Objective: Adequate macroscopic sampling is vital for accurate staging in non-small cell lung carcinomas. This study 
compares the concordance of 1 (standard) versus 2 blocks per centimeter sampling on detecting tumor subtype, lymphovascular 
invasion, and perineural invasion in lung tumor resections with a diameter greater than 3 cm.
Methods: Twenty lung resection specimens with a tumor diameter greater than 3 cm, processed between 2016 and 2019, were 
included. Samples were taken at 1 block per centimeter followed by a 2nd block per centimeter using a double-blind method. 
Two pathologists evaluated histological type, lymphovascular invasion, and perineural invasion. Fisher’s Exact, Cohen’s 
Kappa concordance coefficient, the McNemar test, and the Mann-Whitney U test were used for statistical analysis.
Results: Cases comprised 80% squamous cell carcinoma and 20% adenocarcinoma. Squamous cell carcinoma cases had 
significantly larger mean diameters (p=0.029). Histological subtyping showed complete concordance (100%; κ=1.000). High 
concordance (κ=0.857) was observed for perineural invasion. Lymphovascular invasion detection showed only moderate 
concordance (κ=0.500); lymphovascular invasion was identified in 10% of cases with standard sampling versus 25% with 
extended sampling. This 2.5-fold increase in detection did not reach statistical significance on paired testing in this pilot 
cohort (McNemar p=0.25).
Conclusion: Sampling 1 block per centimeter is sufficient for histological subtyping. However, standard sampling shows 
reduced sensitivity for lymphovascular invasion, a critical prognostic factor. We recommend taking at least 2 samples per 
centimeter in tumors larger than 3 cm to reduce the risk of false-negative lymphovascular invasion reporting and to support 
accurate staging and appropriate adjuvant treatment decisions.
Keywords: Lung Neoplasms, Gross Examination, Biopsy, Lymphatic Metastasis
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INTRODUCTION
Lung cancer continues to be the leading cause of cancer-
related deaths worldwide in terms of both incidence 
and mortality. According to GLOBOCAN 2020 data, 
lung cancer remains a leading cause of global cancer 
mortality, accounting for an estimated 2.2 million new 
cases (11.4%) and nearly 1.8 million deaths (18.0%) 
(1). Surgical resection is the gold standard treatment for 
early-stage non-small cell lung carcinomas (NSCLC) 
(2). The accuracy of pathological examination is of 
vital importance for the accurate staging of patients 
post-surgery, prediction of prognosis, and particularly 
for determining the necessity of adjuvant treatment. 
Pathological staging (pTNM) relies on tumor size, lymph 
node status, and the presence of metastasis, as well as 
histological subtype and invasion parameters (3,4). 
However, in large tumors, intratumoral heterogeneity is 
one of the major obstacles to accurate diagnosis.

According to the Royal College of Pathologists (RCPath), 
submitting the entire tumor for microscopic examination 
is recommended for lesions measuring 3 cm or less (5). 
Current international guidelines, such as those of the 
College of American Pathologists (CAP) and RCPath, 
generally recommend taking “one block per centimeter” 
or “representative samples from the greatest dimension 
of the tumor” for the macroscopic sampling of resection 
specimens (5,6). However, in tumors larger than 3 cm, 
the adequacy of this standard approach in capturing 
critical prognostic factors that reflect the biological 
behavior of the tumor (such as vascular invasion and 
high-grade histological components) is controversial.
In particular, lymphovascular invasion (LVI) is accepted 
as an independent risk factor for recurrence and survival 
in early-stage NSCLC patients (7,8). The presence of 
LVI may place the patient in the “high-risk” group and 
render them a candidate for adjuvant chemotherapy, 
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even in the absence of significant tumor size or lymph 
node metastasis. Therefore, overlooking LVI foci during 
macroscopic sampling may lead to undertreatment of the 
patient.
The aim of this study is to investigate the diagnostic 
concordance of standard (one block per centimeter) 
and extended (two blocks per centimeter) sampling 
protocols on the detection of tumor histological subtype 
and vascular and perineural invasion, and their potential 
impact on the clinical decision-making process in lung 
tumor resections larger than 3 cm.

METHODS
Case Selection and Gross Examination
Lung resection specimens (lobectomy or 
pneumonectomy) obtained from patients operated on 
for lung tumors at Kartal Dr. Lütfi Kırdar Training 
and Research Hospital between 2016 and 2019 were 
prospectively analyzed. Tumors measuring 3 cm or 
less in diameter were excluded from the study. The 
specimens were opened along the bronchial tree in 
accordance with standard grossing procedures. Serial 
sections were performed at 1-cm intervals through the 
tumor bed. Tissue samples were fixed in 10% neutral 
buffered formalin for 24 hours.
Sampling Protocol and Histopathological Evaluation
Based on the greatest dimension of the tumor, the first 
pathologist sampled one block per centimeter (standard 
protocol). Subsequently, a second set of samples (one 
additional block per centimeter) was cassetted by a 
second pathologist using a double-blind method, blinded 
to the initial evaluation findings and to the previously 
sampled areas.
The sampled tissues were histopathologically evaluated 
by two pathologists for histological subtype and for 
the presence of lymphovascular invasion (LVI) and 
perineural invasion (PNI). The microscopic evaluation 
was performed sequentially; first, the slides from 
the standard sampling (1 block/cm) were examined, 
followed by the evaluation of the additional samples (2nd 
block/cm). Lymphovascular and perineural invasion 
were assessed on hematoxylin and eosin (H&E)–stained 

sections; immunohistochemical or elastic special 
stains (e.g., CD31, D2-40) were not routinely used for 
equivocal cases.
STATISTICAL ANALYSIS
Statistical analysis was performed using IBM SPSS 
Statistics for Windows, Version 23.0 (IBM Corp., 
Armonk, NY). Descriptive statistics were expressed as 
mean ± standard deviation (SD) and median (minimum–
maximum) for continuous variables, and as frequencies 
(n) and percentages (%) for categorical variables.
Because the sample size was small and the data did 
not follow a normal distribution, the Mann-Whitney 
U test was used to compare continuous variables (age, 
tumor size) between groups. Categorical variables were 
compared using Fisher’s exact test. The diagnostic 
agreement between the standard (1 block/cm) and 
extended (2 blocks/cm) sampling protocols was assessed 
using Cohen’s Kappa (κ) coefficient. Because the 
extended protocol comprised the standard blocks plus 
additional sections, disagreement between protocols 
was, by design, unidirectional; the difference in detection 
rates for lymphovascular and perineural invasion was 
therefore evaluated with the McNemar test for paired 
nominal data (exact binomial version, given the small 
number of discordant pairs). A p-value of <0.05 was 
considered statistically significant.

RESULTS
The study included a total of 20 patients, comprising 
16 males (80%) and 4 females (20%). The most 
common tumor localization was the right upper 
lobe (40%), followed by the left upper lobe (35%). 
Histopathologically, 16 cases (80%) were diagnosed as 
squamous cell carcinoma (SCC) and 4 cases (20%) as 
adenocarcinoma (Table 1).
The mean age of the patients was 66.25 ± 8.74 years 
(median: 68.50; range: 51–79). The mean age of male 
patients (68.75 ± 7.76 years) was significantly higher than 
that of female patients (56.25 ± 4.03 years) (p=0.011). 
The mean tumor diameter was 5.82 ± 1.63 cm. When 
compared by histological subtype, the mean diameter of 
SCC cases (6.2 ± 1.5 cm) was significantly larger than 

Characteristic Category Count (n) Percentage %)

Gender Male 16 80.0

Female 4 20.0

Tumor Localization Right Upper Lobe 8 40.0

Left Upper Lobe 7 35.0

Right Lower Lobe 2 10.0

Left Lower Lobe 1 5.0

Right Middle & Lower Lobe 1 5.0

Right Upper & Middle Lobe 1 5.0

Histopathological Diagnosis Squamous Cell Carcinoma 16 80.0

Adenocarcinoma 4 20.0

Total 20 100.0

Table 1. Clinicopathological Characteristics of Patients

http://www.jeimp.com
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that of adenocarcinoma cases (4.4 ± 0.9 cm) (p=0.029). 
There was no statistically significant difference in tumor 
size according to gender (p=0.290) (Table 2).
There was 100% concordance between the standard 
sampling (1 block/cm) and the extended sampling (2 
blocks/cm) protocols regarding the primary histological 
diagnosis. No change in tumor subtype was observed 
with additional sampling (κ=1.000).
With the standard sampling protocol (1 block/cm), 
LVI was detected in 2 cases (10%). With the extended 
sampling protocol (2 blocks/cm), LVI was detected 
in 5 cases (25%). The standard method missed LVI 
in 3 cases that were subsequently identified by the 
extended protocol; no case positive by the standard 
method became negative with extended sampling. The 
concordance between the two methods for LVI detection 
was moderate (κ=0.500). Although the extended protocol 
more than doubled the LVI detection rate (10% vs 25%), 
this difference did not reach statistical significance on 
the McNemar test (p=0.25, exact), reflecting the limited 
number of discordant pairs in this pilot series.
Standard sampling detected PNI in 4 cases (20%), 
whereas extended sampling detected PNI in 5 cases 
(25%). Only 1 case that was negative in the standard 
protocol was found to be positive with the extended 
protocol. A high level of concordance was observed 
between the two methods for PNI detection (κ=0.857; 
McNemar p>0.99). No significant correlation was found 
between tumor size and PNI presence in either sampling 
group (Table 3).

DISCUSSION
In the present study, we evaluated the diagnostic 
concordance of macroscopic sampling density in lung 

tumor resections larger than 3 cm. Our cohort was 
characterized by a male predominance (80%) and a 
high frequency of squamous cell carcinomas (SCC, 
80%). Consistent with the literature describing SCCs 
as typically bulky, centrally located masses, we found 
that SCC cases had a significantly larger mean tumor 
diameter than adenocarcinomas (9). Male patients were 
also significantly older than female patients (p=0.011). 
While these clinicopathological features align with 
general epidemiological expectations and support the 
representativeness of our cohort, the principal focus of 
our investigation is the impact of sampling density on the 
detection of prognostically vital parameters, particularly 
lymphovascular invasion (1,9).
A key finding of our study is the “moderate concordance” 
(κ=0.50) observed between the 1 block/cm and 2 blocks/
cm protocols in the detection of lymphovascular invasion. 
This finding highlights the risk of the standard sampling 
method missing vascular invasion foci, which may show 
a focal or heterogeneous distribution within the tumor. 
Although the extended protocol identified LVI in 2.5 
times as many cases, the increase did not reach statistical 
significance on paired testing (McNemar p=0.25) given 
the pilot sample size; the moderate agreement and the 
magnitude of the difference nonetheless represent a 
clinically relevant signal that warrants confirmation 
in larger series. In the literature, the presence of LVI 
has been defined as an independent poor prognostic 
factor that increases the risk of recurrence and shortens 
survival even in Stage I NSCLC patients (7,10). More 
importantly, the National Comprehensive Cancer 
Network (NCCN) and other current oncology guidelines 
recommend adjuvant chemotherapy for patients with 
a tumor diameter greater than 4 cm, or even for those 
smaller than 4 cm if they carry “high-risk factors” (11). 

Table 2. Comparison of Age and Tumor Diameter Between Groups
Variable Group n Mean Median (Min–Max) p*

Age (years) Male 16 68.75 ± 7.76 71.0 (51–79) 0.011
Female 4 56.25 ± 4.03 55.0 (52–60)

Tumor Diameter (cm) Squamous Cell Carcinoma 16 6.2 ± 1.5 6.0 (3.5–9.0) 0.029
Adenocarcinoma 4 4.4 ± 0.9 4.3 (3.5–5.5)

* Mann-Whitney U test.

Parameter Standard (1 block/cm) Extended (2 blocks/cm) κ McNemar p
Histological Subtype 1.000 —
Squamous Cell Carcinoma 16 (80%) 16 (80%)
Adenocarcinoma 4 (20%) 4 (20%)
Perineural Invasion 0.857 >0.99
Present 4 (20%) 5 (25%)
Absent 16 (80%) 15 (75%)
Lymphovascular Invasion 0.500 0.25
Present 2 (10%) 5 (25%)
Absent 18 (90%) 15 (75%)

κ, Cohen’s Kappa coefficient. McNemar p-values are two-sided exact values for the paired comparison of detection 
rates. For histological subtype there were no discordant pairs, so the McNemar test is not applicable.

Table 3. Diagnostic Concordance According to Sampling Protocols
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Vascular invasion is one of the primary high-risk factors. 
Therefore, as suggested by our data, the detection of LVI 
through additional sampling has the potential to change 
not only the patient’s stage but also the treatment plan 
(the decision for chemotherapy).
Perineural invasion (PNI) is recognized as a distinct route 
of metastasis and a marker of aggressive tumor behavior 
in NSCLC. Unlike lymphatic or vascular spread, PNI 
facilitates tumor dissemination along the nerve sheaths, 
often extending beyond the main tumor mass. Several 
studies have identified PNI as an independent negative 
prognostic factor associated with higher recurrence 
rates and shorter overall survival (12,13). Although 
our study demonstrated high concordance (κ=0.857) 
for PNI detection between sampling protocols, the 
biological significance of this parameter mandates 
careful microscopic evaluation. The higher concordance 
observed for PNI than for LVI may reflect the different 
spatial distribution of these two features: perineural 
invasion in NSCLC tends to cluster around the larger 
nerves accompanying the bronchovascular bundles 
near the tumor core, which are consistently represented 
even with standard sampling, whereas lymphovascular 
invasion is frequently focal and heterogeneously 
distributed throughout the tumor and its periphery, 
rendering its detection more dependent on sampling 
density. The presence of PNI should alert the clinician 
to a higher risk of locoregional recurrence, potentially 
influencing follow-up intensity.
Lung carcinomas, particularly adenocarcinomas, are 
characterized by significant histological heterogeneity. 
The current WHO classification emphasizes not only the 
predominant pattern but also the presence of high-grade 
components such as micropapillary or solid patterns, 
which significantly impact tumor grading and prognosis 
[9]. While our study showed 100% concordance for the 
main histological subtype (e.g., adenocarcinoma vs SCC), 
the literature suggests that limited sampling may miss 
these minor high-grade components in mixed tumors. 
Accordingly, although main-subtype assignment was 
fully concordant in our predominantly squamous cohort, 
extended sampling remains essential in adenocarcinomas 
to capture minor high-grade (micropapillary or solid) 
components that carry adverse prognostic weight under 
the WHO 2021 classification. Therefore, although the 
primary diagnosis remains stable, extensive sampling 
is crucial to accurately document the full spectrum of 
histological patterns, which is essential for precise 
grading and prognostic stratification.
In daily pathology practice, especially in high-volume 
centers, taking extra blocks for each case may be seen 
as a factor that increases workload and cost. However, 
considering the cost of lung cancer treatment and the 
management of recurrent disease, the cost of adding a 
few blocks during the diagnostic phase (e.g., 5 extra 
cassettes for a 5 cm tumor) is negligible. Our results 
support prioritizing the risk of “understaging” over cost 
concerns, particularly in tumors larger than 3 cm.

The main limitation of our study is the small sample size 
(n=20). This limited number may have been insufficient 
to capture potential discordances in perineural invasion 
(PNI), and the high concordance observed should 
be interpreted with caution. The small number of 
discordant cases also meant that the observed increase 
in LVI detection did not reach statistical significance on 
paired (McNemar) testing, indicating that the study was 
underpowered for this comparison and underscoring the 
need for adequately powered series. Another limitation 
is the histopathological distribution of the cohort, 
which was predominantly composed of squamous cell 
carcinomas (80%). Consequently, the low number of 
adenocarcinoma cases precluded a statistical evaluation 
of whether increased sampling improves the detection 
of prognostically critical minor high-grade components 
(e.g., micropapillary or solid patterns). Nevertheless, 
this study is of a pilot nature, and the discordance found 
(especially for LVI) indicates that the subject should be 
investigated in larger series.

CONCLUSION
In conclusion, our study demonstrates that the standard 
sampling protocol (one block per centimeter) is generally 
sufficient for determining the primary histological 
subtype and detecting perineural invasion in lung tumors 
larger than 3 cm. However, the moderate concordance 
observed for lymphovascular invasion (LVI) indicates 
that the standard method has lower sensitivity for 
detecting this heterogeneous parameter than the extended 
sampling protocol (two blocks per centimeter).
Given that LVI is an independent high-risk factor that 
can directly alter clinical management by necessitating 
adjuvant chemotherapy—even in early-stage disease—
its accurate detection is of vital importance. Therefore, 
particularly for tumors larger than 3 cm in which initial 
standard sampling fails to identify LVI, we recommend 
that pathologists consider submitting additional sections 
to minimize the risk of false-negative reporting. 
Although our results are based on a pilot study, they 
suggest that maximizing sampling density may reduce 
the risk of understaging and undertreatment, a finding 
that warrants validation in larger, adenocarcinoma-
predominant cohorts.
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ABSTRACT
Objective: To examine associations between temporal screen time patterns, outdoor activity duration, and visual health 
outcomes in school-aged children.
Methods: Cross-sectional study of 160 children aged 6–12 years attending ophthalmological assessments. Screen time data 
were collected via validated questionnaires assessing weekday and weekend usage patterns. Visual assessments included 
cycloplegic refraction and Snellen visual acuity testing. The examining ophthalmologist remained masked to screen time 
data during clinical assessments. Statistical analyses employed t-tests, chi-square tests, and Pearson correlation analyses with 
Bonferroni correction.
Results: Among 160 children (mean age 9.31±1.16 years), mean screen time was 3.95±0.76 hours daily with 22.5% myopia 
prevalence. Myopic children showed significantly higher weekday screen time (3.81±1.02 vs. 3.45±0.89 hours, p=0.039, 
Cohen’s d=0.37) but no difference in overall daily screen time (p=0.374). Screen time showed no correlation with visual 
acuity (r=−0.08, p=0.334). Outdoor activity >2 hours daily was associated with the absence of eye strain symptoms (0% vs. 
60.0% in <30 minutes group, χ²=21.43, p<0.001, Cramér’s V=0.34).
Conclusions: Weekday screen time, rather than overall duration, was associated with myopia status. Outdoor activity >2 hours 
daily was associated with the absence of eye strain symptoms. Cross-sectional design and pronounced female predominance 
in the myopic group (80.6% vs. 37.9%, OR=6.89) limit causal inference. Longitudinal studies with objective monitoring are 
needed.
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INTRODUCTION
Contemporary children engage with digital media far 
more than previous generations, representing a major 
environmental change that affects visual development 
(1,2). Although digital technology provides many 
advantages as an educational tool, recent research 
indicates that its use may have several implications for 
the developing eye and visual system (3,4).
The association between near-work activities and 
the development of myopia has been recognized for 
decades (5). Digital screens place unique demands on 
the visual system through blue light, varying distances, 
and extended periods of near focus. The near-work 
hypothesis proposes that the repeated performance 
of tasks requiring focus at a near distance results in 
adaptive ocular changes, which may contribute to the 
development of refractive errors (6).

Recent meta-analyses suggest that associations exist 
between screen time and myopia progression; however, 
the diversity of methods used across studies makes it 
difficult to establish causality (7-10).
Several physiological mechanisms may link screen time 
to the development of myopia: accommodative stress 
resulting from prolonged near viewing, reduced ambient 
light exposure during periods of increased screen time, 
alterations in retinal dopamine signaling and disruption 
of circadian rhythms (11-14).
Prior studies have produced conflicting results, with 
some reporting statistically significant associations and 
others finding little to no impact after accounting for 
confounding variables (15,16).
Although considerable research interest exists regarding 
the effects of screen time on children’s vision and the 
development of myopia, significant methodological 
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issues remain. Most studies assessed total hours of screen 
time without evaluating specific temporal patterns of 
use. Weekday screen exposure typically occurs during 
periods of structured education that involve sustained 
near work and may create more accommodative stress 
than weekend activities. Understanding these temporal 
patterns may allow more precise assessment of risk 
factors for myopia and more effective interventions.
This study evaluates the associations of temporal 
patterns of screen time with visual health in school-aged 
children. The study objectives were to: (1) assess the 
associations between weekday versus weekend screen 
time patterns and myopia prevalence; (2) investigate 
the associations between screen time and visual acuity; 
(3) examine the association between outdoor activity 
duration and visual health outcomes; and (4) assess the 
associations between screen time, outdoor activity, and 
digital eye strain symptoms.

METHODS
This cross-sectional observational study was conducted 
at an ophthalmology clinic from May through June 2025. 
The study protocol was approved by an institutional 
review board (IRB) (Protocol #2025/616) and adhered 
to the Declaration of Helsinki. Informed consent was 
obtained from the parents or guardians of all participants, 
with verbal assent from participating minors.
Sample Size and Subjects
The required sample size was determined using a 
Pearson correlation power analysis to detect a moderate 
effect (r=0.30) with 80% power at alpha=0.05. Based 
on this calculation, the minimum required sample size 
was 84. To ensure adequate statistical power, the target 
sample size was set at 160 participants.
Selection Criteria
Inclusion criteria: children aged 6 through 12 years with 
normal cognitive function who were able to participate 
in the clinical examination, and whose parents were 
available to complete the questionnaires. This age range 
was selected because it overlaps with the common 
school-age period during which incident myopia 
frequently emerges in longitudinal cohort studies (17).
Exclusion criteria: children with pre-existing ocular 
pathology (with the exception of refractive errors); 
systemic disease that could affect ocular development; a 
history of ocular surgery or trauma; contraindications to 
cycloplegic examination; and significant developmental 
delays.
Data Collection
Questionnaire content validity was established by six 
specialist raters (pediatric nurses and ophthalmologists), 
who demonstrated acceptable content validity (content 
validity index=0.83–1.00). Test–retest reliability was 
demonstrated in a pilot sample (n=20), with intraclass 
correlation coefficients of 0.85 for weekday and 0.82 
for weekend screen time. Demographic information 
collected included age, gender, height, weight, grade 
level, and whether one or both parents or siblings had a 

diagnosis of myopia.
Screen Time Assessment
Parent–child questionnaires were developed to assess 
each participant’s typical weekly screen time usage 
pattern. Screen time was assessed before the clinical 
examination. Each participant’s screen time was divided 
into three tertile categories: low (≤3.5 hours), medium 
(3.6–4.5 hours), and high (>4.5 hours). Weekday and 
weekend usage were assessed separately.
Device Usage
Each device type used by each participant (smartphones, 
tablets, televisions, computers) was documented, 
together with its average daily usage.
Outdoor Activity
Daily outdoor activity duration was categorized into 
four groups: less than 30 minutes, 30–60 minutes, 1–2 
hours, and greater than 2 hours. This categorization is 
based on previously established protective thresholds for 
myopia development.18,19
Eye Strain Symptoms
Self-reported eye strain symptomatology was assessed 
using a validated pediatric questionnaire querying 
fatigue, headache, squinting, redness, blurred vision, 
photophobia, and difficulty seeing distant objects. 
Eye strain was defined as the presence of two or 
more symptoms occurring 2–3 times a week or more 
frequently.20,21
Clinical Examinations
All clinical examinations were conducted by a single 
masked ophthalmologist who did not have access 
to the participant’s screen time, outdoor activity, 
or eye strain data at the time of examination. The 
ophthalmologist had access to age and gender but not 
to exposure data until the examination was complete. 
A subset of thirty participants (approximately 18.75%) 
underwent duplicate refraction by a second masked 
ophthalmologist, with strong inter-examiner agreement 
(intraclass correlation coefficient=0.94, 95% CI [0.88–
0.97]).
Visual Acuity
Participants read letters from Snellen charts at a distance 
of 6 meters under standardized photopic lighting (85 
cd/m²). Best-corrected visual acuity was recorded as 
decimal values.
Cycloplegic Refraction
Cyclopentolate hydrochloride (1%) was administered as 
two drops five minutes apart. Cycloplegia was confirmed 
by pupil dilation to a diameter of 6 mm or greater before 
automated refraction (Topcon KR-800), followed by 
manual refinement.22 The spherical equivalent was 
calculated as sphere + (cylinder/2).
Ocular Examination
Each participant underwent a comprehensive ocular 
examination, including slit-lamp biomicroscopy and 
dilated fundoscopy, to exclude ocular pathology.
Definitions of Outcomes
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Myopia: spherical equivalent ≤ −0.50 diopters in either 
eye under cycloplegia, consistent with the International 
Myopia Institute definition.23
Eye strain: the presence of two or more validated 
symptoms occurring 2–3 times a week or more frequently 
while engaging in screen-time activities.

STATISTICAL ANALYSIS
Statistical analyses were performed using SPSS version 
27.0 and GraphPad Prism version 9.0. No data were 
missing. Normality was tested using the Shapiro–
Wilk test. Continuous variables were compared using 
independent t-tests; categorical associations were 
evaluated using chi-square tests; and the relationship 
between screen time and visual acuity was evaluated 
using Pearson correlations. Effect sizes were calculated 
as Cohen’s d for continuous variables and Cramér’s V for 
categorical associations, with 95% confidence intervals 
estimated via bootstrap methods (n=1000). Two-tailed 
tests with alpha=0.05 were used. Because multiple 
comparisons were made (n=3), Bonferroni correction 
was applied to the correlation analyses (adjusted 
alpha=0.017). Unadjusted p-values were reported for 
the prespecified primary outcome (weekday screen time 
vs. myopia) and secondary outcome (outdoor activity vs. 
eye strain).
Because of the small number of myopic individuals 
(n=36) and the large number of possible confounders, 
multivariable regression was not performed. According 
to the ten-events-per-variable rule, the sample would 
allow a maximum of 3–4 variables for adequate 
confounder adjustment. The results should therefore be 
interpreted within the context of an observational design.

RESULTS
A total of 160 children completed the study with 100% 
retention (84 males [52.5%], 76 females [47.5%]; mean 
age 9.31±1.16 years). Overall myopia prevalence was 
22.5% (n=36) and eye strain prevalence was 25.0% 
(n=40).
Myopic children were significantly older (9.78±1.15 vs. 
9.16±1.16 years, p=0.005, Cohen’s d=0.53), attended 
higher grades (3.72±1.06 vs. 3.18±1.12, p=0.010), had 
lower body weight (32.17±6.86 vs. 35.90±6.50 kg, 

p=0.003), and showed a higher family-history prevalence 
(66.7% vs. 35.5%, p=0.001, OR=3.64).
A notable finding was pronounced female predominance 
in the myopic group: 29 females (80.6%) among myopic 
children versus 47 females (37.9%) in the non-myopic 
group (p<0.001, OR=6.89, 95% CI [2.89, 16.41]) (Table 
1). Height differences were not significant (p=0.259). 
Best-corrected visual acuity showed no difference 
between groups (1.0±0.1 vs. 1.0±0.1, p=0.99) (Table 1).
Gender-stratified analyses were not performed because 
of the small male myopic sample (n=7), which limited 
statistical power and produced unreliable estimates.
Screen Time and Visual Acuity
Correlation analyses revealed no significant associations 
between screen time variables and visual acuity. Overall 
daily screen time showed a weak correlation (r=−0.08, 
95% CI [−0.23, 0.08], p=0.334), as did weekday (r=−0.06, 
95% CI [−0.22, 0.09], p=0.461) and weekend screen 
time (r=−0.09, 95% CI [−0.24, 0.07], p=0.252). None 
reached Bonferroni-corrected significance (α=0.017). 
Narrow confidence intervals indicate adequate precision 
to exclude clinically meaningful correlations (r≥0.30).
Temporal Screen Time Patterns and Myopia
Mean daily screen time was 3.95±0.76 hours (median 
4.0, IQR 3.5–4.5 hours). Myopic children demonstrated 
significantly higher weekday screen time (3.81±1.02 
vs. 3.45±0.89 hours, difference=0.36 hours, p=0.039, 
Cohen’s d=0.37, 95% CI [0.02, 0.72]) (Table 2). This 
36-minute daily difference accumulates to 3 hours of 
additional weekly exposure during school periods.
Weekend screen time showed a non-significant trend 
toward lower usage in myopic children (4.62±1.65 vs. 
5.09±1.19 hours, p=0.062, Cohen’s d=−0.33). Overall 
daily screen time showed no association with myopia 
(4.04±0.82 vs. 3.92±0.74 hours, p=0.374, Cohen’s 
d=0.16).
Categorical analysis revealed 18 low users (11.3%), 
128 medium users (80.0%), and 14 high users (8.8%). 
Despite numerical differences, no significant association 
was found (χ²=3.67, p=0.159, Cramér’s V=0.15).
Eye Strain and Device Type
Eye strain symptoms were reported by 40 children 

Table 1. Demographic and Clinical Characteristics by Myopia Status

Characteristic Overall 
(n=160)

Non-myopic 
(n=124) Myopic (n=36) p-value Effect Size (95% CI)

Age, years (mean±SD) 9.31±1.16 9.16±1.16 9.78±1.15 0.005ᵃ d=0.53 (0.17, 0.90)

Female gender, n (%) 76 (47.5) 47 (37.9) 29 (80.6) <0.001ᵇ OR=6.89 (2.89, 
16.41)

Grade level (mean±SD) 3.34±1.12 3.18±1.12 3.72±1.06 0.010ᵃ d=0.49 (0.13, 0.86)
Height, cm (mean±SD) 135.82±9.73 136.37±9.85 134.28±9.41 0.259ᵃ d=0.21 (−0.15, 0.58)
Weight, kg (mean±SD) 34.93±6.67 35.90±6.50 32.17±6.86 0.003ᵃ d=0.56 (0.20, 0.93)
Visual acuity (mean±SD) 1.0±0.1 1.0±0.1 1.0±0.1 0.99ᵃ
Family history myopia, 
n (%) 68 (42.5) 44 (35.5) 24 (66.7) 0.001ᵇ OR=3.64 (1.67, 7.94)
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(25.0%), with numerically higher prevalence in myopic 
children (33.3% vs. 22.6%, p=0.274, Cramér’s V=0.09). 
The most common symptoms were ocular fatigue 
(85.0%), headache (67.5%), and blurred vision (55.0%).
Device-type analysis revealed a significant association 
with eye strain (χ²=9.23, p=0.024, Cramér’s V=0.24) 
but not with myopia (p=0.111). Computers showed 
the highest eye strain prevalence (31.2%), followed by 
smartphones (28.7%), tablets (24.1%), and televisions 
(18.3%).
Outdoor Activity and Protective Effects
Outdoor activity distribution was: <30 minutes (6.3%, 
n=10), 30–60 minutes (33.8%, n=54), 1–2 hours (45.0%, 
n=72), and >2 hours (15.0%, n=24).
Outdoor activity showed a strong inverse association 
with eye strain (χ²=21.43, p<0.001, Cramér’s V=0.34, 
95% CI [0.24, 0.48]). Clear threshold effects emerged: 
children with <30 minutes of exposure showed 60.0% 
eye strain prevalence (95% CI [26.2%, 87.8%]), whereas 
no child with >2 hours of daily outdoor activity reported 
symptoms (0%, 95% CI [0.0%, 14.2%], p<0.001 vs. the 
<30 minutes group). Intermediate groups showed 18.5% 
(95% CI [9.3%, 31.4%]) prevalence for 30–60 minutes 
and 33.3% (95% CI [22.7%, 45.4%]) for 1–2 hours of 
outdoor activity (Table 3).
For myopia, outdoor activity showed a moderate effect 
size (Cramér’s V=0.17) that did not reach significance 

(χ²=4.70, p=0.201). Myopia prevalence across categories 
was: <30 minutes (0%), 30–60 minutes (18.5%), 1–2 
hours (27.8%), and >2 hours (25.0%).

DISCUSSION
Temporal screen exposure patterns were associated with 
myopia status more strongly than the overall duration 
of screen exposure in school-aged children. Myopic 
children had an additional 21.6 minutes of weekday 
screen time compared with their non-myopic peers, 
whereas there was no statistically significant difference 
in overall daily screen exposure. That weekday screen 
exposure demonstrated a significant association, but 
overall daily exposure did not, implies that both the 
duration and the context of screen exposure are relevant 
to the development of myopia. This pattern supports 
the accommodative stress hypothesis, which posits 
that sustained, structured near-work during educational 
periods produces more accommodative stress than 
weekend or free-time activities. The hypothesis further 
proposes that prolonged near-work, through sustained 
accommodative demand, may generate emmetropization 
signals that promote axial elongation (11,25). School 
periods include concentrated blocks of near-work with 
established time structures and occur at times of day when 
axial growth may be most responsive to environmental 
stimuli. Other explanations are possible: the association 
could represent reverse causation, whereby children who 
are already myopic engage in screen-based activities 

Table 2. Temporal Screen Time Patterns by Myopia Status

Variable Non-myopic 
(n=124) Myopic (n=36) Difference 

(95% CI) p-value Effect Size (95% CI)

Weekday screen time, 
hours 3.45±0.89 3.81±1.02 0.36 (0.02, 

0.71) 0.039ᵃ d=0.37 (0.02, 0.72)

Weekend screen time, 
hours 5.09±1.19 4.62±1.65 −0.47 (−0.95, 

0.02) 0.062ᵃ d=−0.33 (−0.68, 
0.02)

Average daily screen 
time, hours 3.92±0.74 4.04±0.82 0.12 (−0.14, 

0.39) 0.374ᵃ d=0.16 (−0.19, 0.51)

Screen time categories, 
n (%) 0.159ᵇ V=0.15 (0.04, 0.34)

Low (≤3.5 hours) 14 (11.3) 4 (11.1)
Medium (3.6–4.5 
hours) 102 (82.3) 26 (72.2)

High (>4.5 hours) 8 (6.5) 6 (16.7)
ᵃIndependent t-test; ᵇchi-square test. Bold indicates p<0.05. CI, confidence interval; d, Cohen’s d; V, Cramér’s V.

Outdoor Duration n Myopia n (%) Eye Strain n (%, 95% CI) p-value
<30 minutes 10 0 (0.0) 6 (60.0, 26.2–87.8)ᵃ Eye strain: <0.001ᵇ
30–60 minutes 54 10 (18.5) 10 (18.5, 9.3–31.4)
1–2 hours 72 20 (27.8) 24 (33.3, 22.7–45.4)
>2 hours 24 6 (25.0) 0 (0.0, 0.0–14.2)ᵃᶜ Myopia: 0.201ᵇ
Total 160 36 (22.5) 40 (25.0, 18.6–32.4) (χ²=4.70, V=0.17)

Table 3. Visual Health Outcomes by Daily Outdoor Activity Duration

ᵃSignificantly different from the >2 hours group (p<0.001, Fisher’s exact test); ᵇχ²=21.43, Cramér’s 
V=0.34 (95% CI 0.24–0.48); ᶜsignificantly different from the 1–2 hours group (p=0.002, Fisher’s 
exact test). CI, confidence interval; V, Cramér’s V. 95% CIs for proportions calculated using the 
Wilson score method
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because visual limitations make them less able to 
participate in outdoor activities; alternatively, weekday 
screen usage may serve as a proxy for overall academic 
engagement and other forms of near-work (beyond 
digital screens).
No correlation was found between screen time and 
best-corrected visual acuity. Thus, screen exposure 
appears not to affect corrected visual performance, 
indicating that the screen exposure–myopia relationship 
relates to long-term refractive development pathways 
rather than to acute functional deficits. This distinction 
between refractive and functional measures further 
supports theories that emphasize structural adaptation 
over immediate impairment. A major challenge to 
interpreting prevalence rates, however, is the significant 
skew toward female gender distribution among myopes 
(girls comprised approximately 81% [29 of 36] of 
myopic children); this excess is much larger than that 
seen in the general population. Several factors may 
contribute, including selection bias through differing 
healthcare-seeking behaviors, the timing of the study 
during the end-of-semester examination period, and 
possibly sex-related differences in healthcare-seeking 
behavior and social screen use patterns (26). The large 
gender imbalance limits the ability to perform gender-
stratified analyses and emphasizes the importance of 
future population-based sampling.
While this study identifies several factors associated 
with myopia, it also highlights the protective role of 
outdoor activity, with clear threshold effects for digital 
eye strain. Whereas 60% of children with less than 30 
minutes of daily outdoor activity reported eye strain, no 
child with more than 2 hours of daily outdoor activity 
reported symptoms. Several mechanisms may explain 
the protective effect of outdoor activity: high-intensity 
outdoor lighting stimulates retinal dopamine release; 
outdoor activity provides accommodative rest through 
distance fixation; and it may limit screen use during 
daytime hours that are relevant to circadian-mediated 
ocular growth regulation. (27-29). Although the effect 
size for the association between outdoor activity and 
myopia prevalence was modest and not statistically 
significant, this likely reflects the cross-sectional design, 
since myopia typically develops over months to years.
These findings have direct clinical implications for 
pediatricians assessing school-aged children. Rather 
than assessing only total screen time, clinicians should 
examine temporal patterns, particularly weekday 
use. Children reporting high weekday screen time 
together with low outdoor activity may benefit from 
closer surveillance. In addition, encouraging more 
than 2 hours of daily outdoor activity may provide 
a practical counseling target for reducing digital eye 
strain symptoms, while broader longitudinal evidence 
supports outdoor exposure as part of myopia-prevention 
strategies (30,31).
Several limitations affect the interpretation of these 
findings. First, the cross-sectional design precludes 
causal inference. Second, clinic-based recruitment 

introduces selection bias, favoring children with 
previous vision problems. Third, self-reported screen 
time is susceptible to recall bias. Fourth, the lack of axial 
length measurements limits mechanistic understanding 
of the refractive changes observed. Fifth, the small 
number of children in extreme categories and the 
limited number of myopic children reduced the ability 
to perform multivariable adjustment for confounders. 
Future studies would therefore benefit from prospective 
cohort designs, objective measures of screen exposure, 
and comprehensive biometric data to provide definitive 
evidence for the temporal relationships identified here 
and to determine whether they are causal. Nonetheless, 
this study indicates that the temporal context of screen 
use is more important than the total duration, and 
that outdoor activity of more than 2 hours per day 
was associated with the absence of digital eye strain 
symptoms.
CONCLUSION
Weekday screen time patterns were more strongly 
associated with myopia than the total duration of screen 
time. Outdoor activity patterns were strongly associated 
with the absence of digital eye strain symptoms. 
However, the cross-sectional design and the large 
gender imbalance in the sample limit causal inference 
and generalizability. Nonetheless, these findings 
contribute to evidence-based approaches for promoting 
healthy visual development and highlight the need for 
longitudinal validation through prospective studies 
that collect objective measures of screen exposure and 
balance gender representation.
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ABSTRACT
Objective: Fragile X syndrome (FXS) is a leading cause of inherited intellectual disability, yet epidemiological 
data from Eastern and Southeastern Türkiye remain scarce. This study aimed to determine the diagnostic 
yield and allele distribution of FMR1 expansions in a male cohort from these underserved regions. 
 
Methods: We conducted a retrospective, single-center audit of 306 consecutive male referrals tested for FMR1 CGG 
repeats between January 2019 and August 2025. Analysis was performed using PCR-based sizing and triplet-primed PCR. 
 
Results: The overall prevalence of FMR1 expansions was 5.2% (16/306). Full mutations (>200 repeats) were identified in 
3.3% (10/306) of the cohort, all in children aged ≤11 years. Premutations (55–200 repeats) were found in 2.0% (6/306) of 
cases, with a notably wider age distribution extending into late adulthood. No intermediate (gray zone) alleles were detected. 
 
Conclusion: These findings confirm a clinically significant yield for FMR1 testing in the region. The absence of gray zone 
alleles and the detection of older premutation carriers highlight distinct referral patterns and the critical need for family 
cascade screening.
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INTRODUCTION
Fragile X syndrome (FXS) is the most common 
inherited cause of intellectual disability and a frequent 
single-gene contribution to autism spectrum disorder, 
arising from CGG trinucleotide repeat expansion in 
the 5′ untranslated region of the FMR1 gene with 
consequent transcriptional silencing and deficiency of 
the FMRP protein (1). Beyond the classic full-mutation 
phenotype, the clinical relevance of sub-threshold 
expansions has become increasingly clear: individuals 
with premutation-range alleles may remain cognitively 
typical yet manifest other systemic or neuropsychiatric 
features across the lifespan, while “intermediate/gray-
zone” alleles warrant careful interpretation in the context 
of family planning and intergenerational risk (1).
Foundational reviews synthesized early molecular 
and clinical insights, delineating the genotype–
phenotype correlations that underlie FXS, articulating 
the role of methylation in pathogenesis, and anchoring 
FMR1 analysis as a core investigation in males with 
developmental delay, intellectual disability, or autistic 
features (2). These works also highlighted technical 

considerations such as the need to accurately size CGG 
repeats, detect mosaicism, and assess methylation that 
continue to inform contemporary laboratory algorithms 
(2).
More recently, professional consensus statements have 
emphasized standardization in reporting repeat categories 
(normal, intermediate/gray-zone, premutation, and full 
mutation), pre- and post-test counseling, and referral 
pathways that align laboratory findings with actionable 
clinical recommendations (3). Such documents 
underscore that reporting should be unambiguous 
about reproductive implications (e.g., the potential for 
premutation expansion upon maternal transmission), 
while cautioning against over-interpretation of gray-
zone alleles in the absence of corroborating evidence. 
These principles remain pertinent in regions where 
access to specialized genetics services is variable and 
where referral patterns may concentrate testing in a 
limited number of tertiary laboratories.
Concurrently, the “Fragile X spectrum” framework 
integrates full-mutation FXS with premutation-
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associated conditions (including fragile X–associated 
tremor/ataxia syndrome (FXTAS) and fragile X–
associated primary ovarian insufficiency [FXPOI]) and 
recognizes additional neuropsychiatric and somatic 
correlates observed in some premutation carriers (4). 
This spectrum view reframes FMR1 testing from a 
single-disease assay to a gateway for broader family-
centered risk assessment and longitudinal care, spanning 
pediatrics through adulthood (4).
Despite these global advances, epidemiologic and 
service-delivery data from Türkiye remain uneven, 
with most published experience stemming from western 
urban centers. Eastern and Southeastern Anatolia, 
characterized by distinct demographic structures and 
healthcare access dynamics, are under-represented 
in the literature. To address this gap, we conducted a 
single-center, laboratory-based study of consecutive 
male referrals from Eastern and Southeastern Anatolia 
(2019–2025). Our objectives were to (i) quantify the 
regional diagnostic yield of FMR1 testing, (ii) describe 
the distribution of CGG repeat categories in a real-world 
referral cohort, and (iii) contextualize these findings 
within contemporary Fragile X spectrum concepts and 
reporting standards. Grounded in established molecular 
pathophysiology and aligned with current practice 
recommendations (1-4), this study aims to provide 
a region-specific baseline that can inform clinical 
pathways, genetic counseling, and future population-
level investigations across Türkiye.

METHODS
Study design and setting
We conducted a retrospective, single-center laboratory 
study of consecutive FMR1 CGG-repeat tests performed 
between January 2019 and August 2025 at a tertiary 
genetics laboratory that provides diagnostic services to 
Eastern and Southeastern Anatolia. The laboratory is a 
regional referral hub receiving samples from pediatric 
and adult neurology, child and adolescent psychiatry, 
medical genetics, and developmental pediatrics clinics.
Study population: eligibility and case ascertainment
All male patients with a valid test request for FMR1 CGG 
sizing during the study period were eligible. Female 
referrals and repeat tests on the same individual were 
excluded; when multiple entries existed, only the earliest 
chronologic test was retained. Demographic and referral 
data were abstracted from the laboratory information 
system (LIS) and requisition forms. Geographic 
assignment to Eastern vs. Southeastern Anatolia was 
based on the province recorded in the requisition; when 
residence was missing, the referring hospital province 
was used as a proxy.
Pre-analytical procedures
Peripheral blood was collected in EDTA tubes and 
transported at 2–8 °C. Genomic DNA was extracted 
using silica-membrane or magnetic-bead methods 
validated in the laboratory. DNA quantity and purity 
were assessed by spectrophotometry (A260/280) and 
fluorometry; samples below laboratory thresholds were 

re-extracted.
Molecular testing workflow
Primary screening employed PCR-based CGG sizing 
with fluorescently labeled primers and capillary 
electrophoresis for allele sizing. To mitigate allele 
dropout in large expansions and detect size heterogeneity, 
triplet-primed PCR (TP-PCR) was reflexed for: (i) 
single-allele profiles, (ii) borderline large alleles near 
the upper PCR sizing limit, or (iii) electropherograms 
suggestive of mosaicism. When TP-PCR indicated a 
large expansion, methylation assessment (methylation-
sensitive PCR and/or Southern blot) was performed as 
clinically indicated to confirm full mutation status and 
characterize methylation mosaicism. Each analytical run 
included internal controls spanning the reportable range 
and an external control panel at least monthly.
Allele categorization and reporting
CGG-repeat categories followed widely accepted cut-
offs: normal (<45 repeats), intermediate/“gray-zone” 
(45–54), premutation (55–200), and full mutation 
(>200). Reports specified: (i) largest detected allele size 
(for males), (ii) evidence of mosaicism when present, and 
(iii) interpretive comments on clinical and reproductive 
implications (e.g., cascade testing, counseling for 
extended family in premutation cases). Results were 
reviewed by two qualified personnel prior to release.
Data management and outcomes
De-identified data were exported from the LIS into 
an analysis dataset. Variables included age at testing, 
province (or referring center), and FMR1 category. 
The primary outcome was expansion positivity 
(premutation or full mutation). Secondary outcomes 
were the distribution of categories (normal, intermediate, 
premutation, full) and the ratio of full-mutation to 
premutation detections.

STATISTICAL ANALYSIS
Analyses were descriptive. Categorical variables 
are presented as counts and percentages with 95% 
confidence intervals (CIs) computed using the Wilson 
method. Positivity was summarized descriptively by age 
stratum. No formal hypothesis testing was pre-specified, 
in keeping with the descriptive, audit-based design. All 
analyses were performed on de-identified data.
The laboratory participates in internal quality audits 
and external proficiency testing for FMR1 assays. 
Assay performance characteristics (analytic sensitivity/
specificity across the CGG spectrum, sizing precision, 
and methylation call concordance) are documented in the 
laboratory validation dossier and are reviewed annually.

RESULTS
A Study Population and Demographics
A total of 306 consecutive male referrals from the 
Eastern and Southeastern Anatolia region underwent 
FMR1 CGG repeat analysis between January 2019 and 
August 2025. The median age of the cohort was 6.0 years 
(interquartile range [IQR]: 4.0–10.0; range: 0–67 years). 
All molecular assays were successfully completed with 

http://www.jeimp.com
http://www.jeimp.com


14

Şahinoğlu et al. Fragile X Syndrome 

Avicenna Anatol J Med. 2026;3(1):12-16.

no test failures reported.
Diagnostic Yield and Allele Distribution
The overall diagnostic yield (premutation or full 
mutation) was 5.2% (16/306; 95% CI: 3.2–8.3), 
corresponding to approximately 1 in 19 tested males.
The distribution of FMR1 allele categories was as 
follows:
•	 Normal: 290 individuals (94.8%; 95% CI: 91.7–

96.8) carried alleles within the normal range (<45 
repeats).

•	 Full Mutation: 10 individuals (3.3%; 95% CI: 
1.8–5.9) were identified with full mutations (>200 
repeats).

•	 Premutation: 6 individuals (2.0%; 95% CI: 0.9–4.2) 
carried premutation alleles (55–200 repeats).

•	 Intermediate (Gray Zone): No intermediate alleles 
(45–54 repeats) were detected in this cohort.

Among the expansion-positive cases (n=16), the ratio of 
full mutations to premutations was approximately 1.7:1 
(62.5% vs. 37.5%).
Age-Stratified Findings
Expansion positivity was most concentrated in early 
school-age children. The highest positivity rate was 
observed in the 6–11 year age group (8.0%; 9/113).
•	 0–2 years: 3.0% (1/33) positivity.
•	 3–5 years: 2.7% (3/110) positivity.
•	 12–17 years: 2.4% (1/41) positivity.
The genotype distribution showed distinct age-related 
patterns. All full mutation cases (n=10) were identified 
in children aged ≤11 years (median: 6.5 years), 
consistent with referrals for developmental delay or 
autism spectrum disorder. In contrast, premutation 
carriers (n=6) presented across a wider age spectrum 
(median: 13.5 years; mean: 29.0 years), including two 
individuals aged ≥60 years, reflecting detection through 
family cascade screening or late-onset presentations.

DISCUSSION
Fragile X–associated disorders arise from variation 
in the CGG trinucleotide-repeat tract within the 5′ 
UTR of the FMR1 gene and span a continuum from 
the classic full-mutation Fragile X syndrome (FXS) to 
premutation-associated conditions across the lifespan 
(1). The core molecular lesion in FXS CGG expansion 
with consequent hypermethylation and transcriptional 
silencing of FMR1, leads to deficiency of the RNA-
binding protein FMRP, a key regulator of synaptic 
development and plasticity, explaining the characteristic 
neurodevelopmental phenotype and frequent co-
occurrence with autism spectrum features (2).
Over the past two decades, professional guidance 
has converged on common principles for testing 
and reporting: clear categorization of repeat sizes, 
unambiguous language around reproductive risk, 
and integration of pre- and post-test counseling to 

support families making cascade testing decisions (3). 
This framework aligns with the modern “Fragile X 
spectrum” concept, which situates full-mutation FXS 
alongside premutation-related entities such as fragile X–
associated tremor/ataxia syndrome (FXTAS) and fragile 
X–associated primary ovarian insufficiency (FXPOI), 
and recognizes additional neuropsychiatric and medical 
correlates in some carriers (4).
Clinically, boys with FXS often present in early childhood 
with global developmental delay, language impairment, 
behavioral dysregulation, and learning difficulties; 
recognition of these patterns facilitates timely referral 
for genetic evaluation and early intervention services 
(5). Pediatric cohorts consistently show that rational test 
utilization (guided by developmental red flags, family 
history, and dysmorphology) improves diagnostic 
yield and expedites habilitative care plans (6). For 
general pediatricians, practical algorithms emphasize 
when to order FMR1 testing, how to interpret category 
boundaries, and how to coordinate multidisciplinary 
follow-up once a diagnosis or carrier state is established 
(7).
At the molecular level, loss of FMRP perturbs activity-
dependent translation at synapses and disrupts multiple 
pathways implicated in cognition and behavior, helping 
to connect the genotype with neurodevelopmental 
outcomes (8). Importantly, premutation alleles confer 
risks distinct from full mutations: in adults, RNA-
mediated toxicity underlies FXTAS and contributes to 
other premutation-associated features, expanding the 
clinical conversation from a purely pediatric disorder 
to a multigenerational health issue that benefits from 
systematic family tracing (9). Therapeutic research, while 
not yet curative, has advanced from pathophysiology to 
targeted trials, ranging from modulators of glutamatergic 
and GABAergic signaling to emerging gene- and RNA-
directed strategies, underscoring the value of precise 
molecular diagnosis for prognosis and trial eligibility 
(10).
Heterogeneity in developmental trajectories and 
behavioral profiles is the rule rather than the exception, 
with variability shaped by genetic background, 
mosaicism, environment, and access to supportive 
services—factors that argue for regionally grounded 
data to inform local care pathways (11). Because many 
affected individuals interface first with primary care, 
missed or delayed recognition of Fragile X–associated 
disorders remains a concern; strengthening front-line 
awareness and creating clear referral channels for 
testing are practical levers to close that gap (12). Deeper 
mechanistic work continues to refine models of synaptic 
dysfunction and network-level disturbances, offering 
additional targets for intervention and biomarkers for 
stratified trials (13). Parallel progress in laboratory 
methods (combining PCR-based sizing, triplet-primed 
PCR to detect large expansions, and methylation 
assays to resolve full mutations and mosaicism) has 
standardized detection across the clinical spectrum and 
improved reporting fidelity (14).
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Despite these advances, population-anchored and 
service-delivery data from Türkiye remain uneven, with 
most published experience drawn from western urban 
centers. Eastern and Southeastern Anatolia (regions 
with distinct demographic structures, healthcare access 
patterns, and referral behaviors) are under-represented 
in the literature. To address this gap, we undertook a 
single-center, laboratory-based study of consecutive 
male referrals tested for FMR1 between 2019 and 2025 
within our Eastern/Southeastern Anatolia catchment.
In our cohort, the overall expansion positivity of 5.2% 
(16/306) indicates a clinically meaningful diagnostic 
yield for FMR1 testing in this under-characterized region. 
Two features are noteworthy. First, no intermediate 
(“gray-zone”) alleles were detected, which contrasts with 
the more continuous allele distributions often observed 
in unselected populations and likely reflects the strongly 
indication-driven nature of referrals to a single tertiary 
laboratory. Second, whereas all full mutations were 
identified in children aged ≤11 years (consistent with 
referral for developmental delay or autism spectrum 
disorder) premutation carriers spanned a much wider age 
range, including two individuals aged ≥60 years. This 
age dichotomy reinforces the multigenerational nature 
of FMR1-associated conditions and the value of cascade 
testing to identify at-risk relatives who may present later 
in life.
This study has several limitations. Its single-center, 
laboratory-based design and the male-only cohort limit 
generalizability, and detailed genotype–phenotype 
correlations were not assessed. Although referral 
province was recorded, the cohort was not powered 
to compare yields between Eastern and Southeastern 
Anatolia, and such geographic comparisons should 
be interpreted with caution. Building on the present 
findings, systematic family cascade screening, together 
with longitudinal follow-up and genetic counseling 
of relatives and subsequent generations of identified 
carriers, will be important both to refine regional risk 
estimates and to support affected families; data emerging 
from these relatives are expected to further strengthen 
this line of work. Larger, multicenter studies that include 
both sexes, standardized phenotyping, and structured 
cascade testing are warranted to consolidate regional 
estimates and to inform counseling and public health 
strategies across Türkiye.

CONCLUSION
In this single-center cohort from Eastern and 
Southeastern Anatolia, FMR1 testing of male referrals 
yielded a clinically meaningful expansion positivity of 
5.2%, with full mutations concentrated in young children 
and premutations distributed across a wide age range. 
The absence of gray-zone alleles and the identification 
of older premutation carriers highlight distinct regional 
referral patterns and underscore the importance of family 
cascade screening and counseling. These region-specific 
data provide a practical baseline to inform testing 
pathways, pre-test probability estimates, and genetic 

counseling across Türkiye.
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ABSTRACT
Objective:  Migraine is a common primary headache disorder that negatively affects quality of life. Its etiology 
is not fully understood, but inflammation and hypercoagulation are involved in its pathogenesis. Several recent 
studies have identified the fibrinogen-to-albumin ratio (FAR) as an important biomarker of inflammation and 
procoagulant states. This study aimed to determine the value of FAR in the diagnosis of migraine attacks. 
 
Methods: This study included 50 patients diagnosed with migraine attacks and a control group of 50 healthy 
individuals. Demographic data of both groups were recorded. Clinical features such as disease duration, attack 
frequency, attack type (with or without aura), and accompanying symptoms were recorded in migraine patients. 
Migraine attack severity was determined using the Visual Analog Scale (VAS). Blood fibrinogen, albumin, 
and FAR values were analyzed in the migraine group during the attack and compared with the control group. 
 
Results: The mean age of the migraine group was 36.26 ± 9.87 years (41 female), and that of the control group was 
35.22 ± 11.11 years (28 female). No significant difference was found in fibrinogen (p=0.098) or albumin (p=0.492) 
values in migraine patients. No significant difference was found in FAR (p=0.161). No significant relationship 
was found between FAR and disease duration (p=0.984) or attack frequency (p=0.978). In the receiver operating 
characteristic (ROC) analysis, FAR was not a significant predictor of migraine attack diagnosis (AUC=0.435, p=0.263). 
 
Conclusion: In this cohort, FAR was not a useful biomarker for diagnosing migraine attacks. However, given the limited 
sample size, larger studies are needed before its diagnostic value can be definitively excluded.
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INTRODUCTION
Migraine is a primary headache disorder seen in 
approximately 15% of the population and causes 
significant disability (1,2). Migraine attacks last 
4–72 hours and consist of clinical phases termed the 
prodromal period, aura, intense headache period, and 
postdromal period (3,4). These phases indicate that 
migraine involves a wide network encompassing 
cortical, subcortical, and brainstem areas of the brain 
(5). The pathophysiology of migraine is not yet fully 
understood. Peripheral or central activation of the 
trigeminovascular system is responsible for attacks, and 
a cortical spreading depression wave is responsible for 
auras (6,7). Trigeminovascular system activation causes 
vasodilation and inflammation in the meningeal vessels, 
resulting in headache (8–10). Another important 
mechanism in migraine attacks is the cortical spreading 
depression wave that occurs in association with 

hypercoagulation. Platelet aggregation during cortical 
spreading depression leads to microemboli in cerebral 
vessels, contributing to the formation of migraine auras 
(11). Fibrinogen is a protein synthesized in the liver 
whose main function is to promote coagulation; it is 
converted into fibrin during coagulation (12). Fibrinogen 
is a serum protein that promotes atherosclerosis and 
increases blood viscosity, both by itself and through its 
breakdown products (13)
Albumin, unlike fibrinogen, is a serum protein that limits 
hypercoagulation by increasing fibrinolysis, and it is a 
negative acute-phase reactant in inflammatory conditions 
(14,15). Studies have shown that FAR increases in many 
diseases with hypercoagulation or inflammation in 
their pathophysiology, such as cerebrovascular disease, 
coronary artery disease, pulmonary embolism, and 
multiple sclerosis (16–19). The aim of this study was 
to compare fibrinogen, albumin, and Fibrinogen-to-
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Albumin Ratio (FAR) between patients with and without 
migraine attacks and to evaluate FAR in the diagnosis of 
migraine attacks.

METHODS
Study design and setting
This retrospective study was conducted at the Neurology 
Clinic of Gaziantep City Hospital,October 2023 and 
November 2024. Fifty patients with migraine attacks 
diagnosed according to the International Classification 
of Headache Disorders, 3rd edition (ICHD-3) criteria, 
and a control group of 50 individuals were included 
in this study. Demographic data, clinical features, 
and laboratory values of the patients and the control 
group were retrieved from our hospital’s database and 
evaluated by neurology specialists. Migraine disease 
duration, attack frequency in the last three months, attack 
type (with or without aura), accompanying symptoms 
(nausea, photophobia, phonophobia, allodynia, 
dizziness, osmophobia, neck pain), and attack severity 
were recorded in the migraine group. 
Eligibility criteria
Volunteer patients over 18 years of age who presented 
to the neurology outpatient clinic with a migraine 
attack according to the ICHD-3 diagnostic criteria 
were included in the study. Patients with a diagnosis 
of migraine accompanied by cardiovascular disease, 
diabetes mellitus, renal failure, acute infection, 
psychiatric disorders, pregnancy, hypertension, or 
malignancy were excluded from the study.
Measurements
Migraine attack severity was determined using the 
Visual Analog Scale (VAS), on which 10 points 
indicates the worst pain and 0 indicates no pain. Blood 
albumin, fibrinogen, and FAR values of the patients and 
control group were recorded. Fibrinogen, albumin, and 
FAR values were compared between migraine patients 
and healthy controls, as well as between migraine 
subgroups defined by accompanying symptoms and 
clinical features.

STATISTICAL ANALYSIS
Data were analyzed with the R program. Conformity 
of the data to a normal distribution was examined with 
the Shapiro-Wilk and Kolmogorov-Smirnov tests. The 
Mann-Whitney U test was used to analyze data that 
did not conform to a normal distribution in two-group 
comparisons, and the independent-samples t-test was 
used for data that conformed to a normal distribution. 
Cut-off values were determined by ROC analysis to 
distinguish the groups. Quantitative data are presented 
as mean ± standard deviation and median (minimum–
maximum). A p value less than 0.05 was considered 
statistically significant.

RESULTS
A Study Population and Demographics
The study comprised 50 migraine patients and 50 
controls. In the migraine group, 41 patients were female 
and 9 were male, with a mean age of 36.26 ± 9.87 years. 

The control group comprised 28 women and 22 men, 
with a mean age of 35.22 ± 11.11 years. The mean 
disease duration in the migraine group was 7.45 ± 5.91 
years, and the mean attack frequency in the last three 
months was 4.92 ± 3.36 per month. The mean headache 
severity was 8.5 ± 1.33 on the VAS. Fourteen patients 
had migraine with aura; of these, 13 had visual aura and 
1 had sensory aura. In the migraine group, headache was 
accompanied by nausea in 84%, photophobia in 98%, 
phonophobia in 92%, allodynia in 66%, osmophobia 
in 70%, vertigo in 56%, and neck pain in 78%, and 
headache severity increased with movement in 96%. 

Mean ± SD Median
Age 36.26 ± 9.87 35 (18–64)
Disease duration 
(years) 7.45 ± 5.91 7 (0.5–25)

Attack frequency (per 
month) 4.92 ± 3.36 4 (1–20)

VAS score 8.5 ± 1.33 8 (5–10)
Clinical Events, n

Gender
  Female 41 82
  Male 9 18
Aura
  Yes 14 28
  No 36 72
Visual aura
  Yes 13 26
  No 37 74
Sensory aura
  Yes 1 2
  No 49 98
Nausea
  Yes 42 84
  No 8 16
Photophobia
  Yes 49 98
  No 1 2
Phonophobia
  Yes 46 92
  No 4 8
Allodynia
  Yes 33 66
  No 17 34
Osmophobia
  Yes 35 70
  No 15 30
Neck pain
  Yes 39 78
  No 11 22
Vertigo
  Yes 28 56
  No 22 44
Increased with 
movement
  Yes 48 96
  No 2 4

Table 1. Demographic and clinical characteristics of the 
migraine group
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The demographic characteristics of the two groups and 
the clinical characteristics of the migraine group are 
shown in Table 1 and Table 2.
Fibrinogen and Albumin 
The mean serum fibrinogen level was 333.17 ± 69.99 
mg/dL in the control group and 306.94 ± 85.72 mg/dL in 
the migraine group; no statistically significant difference 
was found between the two groups (p=0.098). The mean 
serum albumin level was 4.42 ± 0.36 g/dL in the control 
group and 4.47 ± 0.33 g/dL in the migraine group, with 
no statistically significant difference (p=0.492). The 
mean FAR was 75.91 ± 18.52 in the control group and 
70.34 ± 20.72 in the migraine group, with no statistically 
significant difference (p=0.161). No significant 
relationship was found between disease duration and 
fibrinogen (p=0.949), albumin (p=0.348), or FAR 
(p=0.984), or between attack frequency and fibrinogen 
(p=0.806), albumin (p=0.266), or FAR (p=0.978) 
(Table 3). Among accompanying symptoms, FAR was 
significantly higher in the subgroup with vertigo than in 
other patients (p=0.039) (Table 4). In the ROC analysis, 
FAR was not a significant predictor of migraine attacks 
(AUC=0.435, p=0.263) (Figure 1).

DISCUSSION
To our knowledge, this is the first study to evaluate 
FAR in patients with migraine attacks. Migraine 
attacks are among the conditions that reduce a person’s 
functionality, so early diagnosis and treatment are 
important (20). Migraine is diagnosed in clinical practice 
by an experienced neurologist through evaluation of 
the patient’s history and clinical presentation. Patients 
are diagnosed according to the ICHD-3 criteria, and 
investigations such as computed tomography, magnetic 
resonance imaging, and electroencephalography (EEG) 
are used to exclude differential diagnoses (21,22). 
There is as yet no parameter that can identify a migraine 
attack. Fibrinogen is a liver-derived protein that 
stimulates endothelium-derived growth factors, causing 
deterioration of endothelial cell structure, inflammation, 
and atherosclerosis in the vessels (23). It also increases 
platelet aggregation, leading to thrombus formation 
(24). Endothelial dysfunction and hypercoagulation are 

associated with migraine pathophysiology, and cerebral 
ischemia may even occur during some migraine attacks 
owing to this prothrombotic state (25–27). Serum 
fibrinogen levels increase in systemic inflammatory and 
prothrombotic conditions (28).
There are a limited number of studies on fibrinogen 
levels in migraine. In a study by Tietjen et al., 283 
migraine patients and 134 controls were compared, and 
fibrinogen levels were higher in migraineurs (29). In a 
large study by Kurth et al. of 39,876 individuals, the 
relationship between migraine and cardiovascular risk 
biomarkers was examined, and lower fibrinogen levels 
were shown in patients with migraine (30). In another 
large-scale study by Guo et al., 59,674 migraine patients 
and 316,078 controls were compared, and fibrinogen 
levels were low in patients with migraine with aura (31). 
These studies suggest that fibrinogen levels may vary in 
migraine patients. In our study, no significant difference 
in fibrinogen levels was found in migraine attack patients 
compared with the control group.
Albumin is a serum protein that decreases in the blood 
during inflammation (32). Yazar et al. examined serum 
albumin levels in migraine patients and controls and 
found lower albumin levels in the migraine group (33). 
Jacobsen et al. investigated urinary albumin excretion in 
migraine patients and found no significant increase (34). 
Similarly, Gülsen et al. found no significant difference in 
serum albumin levels in the migraine group (35). In line 
with these reports, we found no significant difference 
in serum albumin levels between migraine patients 
and controls. This may be because albumin is a protein 
whose consumption increases in inflammation but which 
has a long circulating half-life (36).
FAR is a novel and important biomarker in many 
diseases with hypercoagulation or inflammation in 

Mean ± SD Median (min–max)
Age 35.22 ± 11.11 34 (21–78)
Gender, n
  Female 28 56
  Male 22 44

Table 2. Demographic characteristics of the control 
group

Migraine group Control group Total Test stat. p
Fibrinogen (mg/dL) 306.94 ± 85.72 333.17 ± 69.99 320.19 ± 78.88 −1.670 0.098
Albumin (g/dL) 4.47 ± 0.33 4.42 ± 0.36 4.45 ± 0.34 0.690 0.492
Fibrinogen-to-Albumin Ratio (FAR) 70.34 ± 20.72 75.91 ± 18.52 73.15 ± 19.74 −1.412 0.161

Table 3. Fibrinogen, albumin, and FAR values of the study groups

Figure 1. Fibrinogen-to-albumin ratio in receiver 
operating characteristic analysis in the migraine group.
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their pathogenesis. FAR has been found to be elevated 
in conditions such as pulmonary embolism, ischemic 
cerebrovascular disease, and multiple sclerosis, and has 
been evaluated as a predictor for diagnosis (17–19). To 
our knowledge, there is no prior study of FAR in migraine 
patients. In our study, no significant difference in FAR 
was found between migraine patients and controls. An 
area under the curve (AUC) of 0.435, being below 0.5, 
indicates that FAR discriminated migraine attacks from 
controls no better than (numerically slightly worse than) 
hance, further supporting the absence of diagnostic 
utility in this cohort. Some studies have shown that 
vestibular dysfunction is associated with prothrombotic 
states, and blood fibrinogen levels have been found to 
be higher in patients with acute peripheral vertigo (37–
39). Although there is no study of FAR in vertiginous 
diseases, the significantly higher FAR value in the 
subgroup with vertigo accompanying headache in our 
study is consistent with these reports.
Several limitations should be considered when 
interpreting these findings. First, the sample size (50 
patients and 50 controls) provides limited statistical 
power to detect small differences in FAR, particularly 
given the known biological variability of fibrinogen 
and albumin; the negative findings may therefore 
partly reflect limited power, and larger studies are 

required before FAR can be excluded as a biomarker. 
Second, blood samples were obtained during the attack, 
but the precise timing relative to attack onset was 
not recorded; because inflammatory and coagulation 
markers may vary across attack phases, this represents 
a potential confounder. Third, FAR was measured only 
during attacks and compared with healthy controls, 
without an interictal migraine group, so it cannot be 
determined whether FAR changes are attack-dependent 
or reflect chronic disease characteristics. Fourth, the 
migraine group was clinically heterogeneous with 
respect to aura status, attack frequency, and severity, 
and the small subgroup sizes limit interpretation of the 
subgroup analyses; the higher FAR observed in the 
vertigo subgroup, in particular, should be regarded as 
exploratory and hypothesis-generating.

CONCLUSION
In this cohort, FAR did not provide diagnostic value for 
migraine attacks. However, given the limited sample size 
and single time-point sampling during attacks, larger 
and appropriately timed studies are needed before the 
diagnostic utility of FAR in migraine can be definitively 
excluded.

Mean ± SD Median (min–max) Test stat. p
Aura −1.164
  No 68.17 ± 21.61 62.7 (32.4–103.4)
  Yes 75.76 ± 17.86 76.75 (47.8–106)
Visual aura −1.375
  No 67.91 ± 21.36 62.15 (32.4–103.4)
  Yes 77.05 ± 17.91 78 (47.8–106)
Nausea −1.777
  No 58.69 ± 18.32 59.15 (34.4–86.5)
  Yes 72.61 ± 20.59 75.4 (32.4–106)
Photophobia −0.231
  No 68.03 ± 12.54 63.25 (59.1–86.5)
  Yes 70.54 ± 21.38 74.5 (32.4–106)
Allodynia 258.500
  No 69.54 ± 23.1 65.35 (32.4–106)
  Yes 70.72 ± 19.83 75.5 (34.4–100)
Osmophobia −0.681
  No 67.29 ± 22.78 69.1 (34.4–106)
  Yes 71.68 ± 19.96 73.95 (32.4–103.4)
Neck pain −1.627
  No 61.54 ± 18.98 59.1 (35.8–103.4)
  Yes 72.88 ± 20.73 76.75 (32.4–106)
Vertigo 191.500 0.039
  No 63.38 ± 18.5 62.7 (32.4–94.3)
  Yes 75.55 ± 21.07 79.1 (42.7–106)
Increased with movement 58.000
  No 77.5 ± 2.97 77.5 (75.4–79.6)
  Yes 70.03 ± 21.11 69.1 (32.4–106)

Table 4. FAR values according to clinical characteristics in the migraine group
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ABSTRACT
Objective: This study aimed to determine the effects of endoscopic sinus surgery (ESS) on postoperative sleep, nasal breathing, 
and smell and taste changes in patients operated on for nasal polyps and chronic rhinosinusitis, using the Sino-Nasal Outcome 
Test (SNOT-22).
Methods: The treatment and follow-up of 42 patients who underwent ESS surgery between 01.01.2018-01.01.2020 in 
otorhinolaryngology clinic were reviewed.
Results: The mean age of the participants was 38.29 ± 12.35 years (range 18–69). The SNOT-22 questionnaire was 
administered preoperatively and at the third postoperative month. Preoperative paranasal computed tomography findings 
were scored using the Lund-Mackay (LM) system. The mean preoperative SNOT-22 score was 52.61 ± 13.19, and the mean 
preoperative LM score was 9.4 ± 5.8.
Conclusion: Our study showed that ESS is an effective surgical method in the treatment of nasal polyps and chronic 
rhinosinusitis. Significant improvement was seen in all components of SNOT-22 after surgery. Patient-reported measures 
such as SNOT-22 are useful tools for detecting changes in symptoms.
Keywords: Paranasal Sinuses, Nasal Surgical Procedures, Rhinitis + Sinusitis, Quality of Life

Submitted at: 30.01.2026, Accepted at: 06.07.2026, Published at: 15.07.2026

The Journal operates under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). 

10.5281/zenodo.21268971

INTRODUCTION
Rhinosinusitis is defined as inflammation of the 
paranasal sinuses and nasal lining. Clinically, 
rhinosinusitis is diagnosed in the presence of two or 
more of the following: facial pain, nasal discharge, 
nasal obstruction or pressure, and hyposmia. Persistence 
of these symptoms beyond twelve weeks defines the 
condition as chronic (1).
Chronic rhinosinusitis (CRS) is frequently treated 
with endoscopic sinus surgery (ESS). Following ESS, 
the number of prospective studies determining which 
factors affect patient outcomes has increased, and 
specific questionnaires have been used in these studies. 
Among them, the Sino-Nasal Outcome Test (SNOT-
22) is a widely accepted, patient-reported, disease-
specific questionnaire that helps to evaluate the effect 
of CRS on patients’ quality of life (QoL) (2). The 
Lund-Mackay (LM) score helps to measure disease 
severity radiologically using paranasal sinus computed 
tomography (3).

In this study, we aimed to measure patients’ symptoms 
using the SNOT-22 test in patients who underwent ESS 
in our clinic; to determine how meeting preoperative 
expectations for the most important symptoms relates 
to patient outcomes and satisfaction; to determine the 
degree of improvement in symptom severity after ESS; 
to assess the relationship between patient expectations 
and satisfaction; and to compare the preoperative 
computed tomography findings with LM scoring in the 
light of the literature.

METHODS
Study design and setting
In this study, the treatment and follow-up of 42 patients 
who underwent endoscopic sinus surgery (ESS) at the 
Yozgat City Hospital Ear, Nose, and Throat Clinic 
between January 1, 2018, and January 1, 2020, were 
evaluated. The SNOT-22 questionnaire was administered 
to the patients who agreed to participate in the study 
during the preoperative period and at the third month 
postoperatively.
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Measurements
SNOT-22 was scored according to the DeConde et al. 
classification (4). Lower total SNOT-22 scores indicate 
better quality of life and milder symptoms. Computed 
tomography findings were evaluated using LM scoring, 
which was performed according to the Lund and Mackay, 
and Kennedy classifications (3,5). 
Eligibility Criteria
Inclusion criteria: Patients were eligible for inclusion if 
the index surgical procedure had been performed at our 
clinic, regular postoperative follow-up visits had been 
completed, preoperative computed tomography imaging 
was available, and relevant clinical records could be 
accessed through the hospital database. Exclusion 
criteria: Patients were excluded if the index surgical 
procedure had been performed at another center, 
postoperative follow-up was irregular or incomplete, 
preoperative computed tomography imaging was 
unavailable, or relevant clinical records could not be 
retrieved from the hospital database.

STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS version 
22.0 (IBM Corp., Armonk, NY, USA). Demographic 
data and preoperative and postoperative SNOT-22 results 
were analyzed. The normality of the data distribution was 
assessed using the Shapiro-Wilk test; because the data 
were not normally distributed, non-parametric tests were 
used. The Mann-Whitney U test was used for between-
group comparisons, and the Wilcoxon signed-rank test 
was used to compare preoperative and postoperative 
data. A p value less than 0.05 was considered statistically 
significant.

RESULTS
A Study Population and Demographics
This study was conducted in the otorhinolaryngology 

clinic between January 1, 2018 and January 1, 2020. 
The study comprised 42 patients who underwent ESS 
for nasal polyps or chronic rhinosinusitis. The mean 
age of the participants was 38.29 ± 12.35 years (range 
18–69). The participants were divided into two groups: 
chronic rhinosinusitis without nasal polyps (CRS-CS) 
and chronic rhinosinusitis with nasal polyps (CRS-NP). 
The mean age of the CRS-CS group was 30.17 ± 9.85 
years (range 18–46), and that of the CRS-NP group was 
41.53 ± 11.86 years (range 21–69). LM and SNOT-22 
results were calculated for each patient.
The mean LM score of the patients on the PNCT taken 
before surgery was 9.4 ± 5.8. The mean preoperative 
SNOT-22 score was 52.61 ± 13.19. The mean ± standard 
deviation of the 42 patients’ LM and SNOT-22 scores 
are presented in Table 1.
The SNOT-22 questionnaire was divided into five 
subgroups, and patients’ scores before and after 
surgery were compared. A decrease was observed 
in the scores of all five SNOT-22 subgroups in both 
the CRS-NP and CRS-CS groups. The comparison 
between groups by SNOT-22 subscale is presented in 
Table 2. In these comparisons, we found statistically 
significant differences between the preoperative and 
third postoperative month scores across all subgroups 
(p=0.001).

DISCUSSION
Chronic rhinosinusitis is a disease encompassing all 
inflammatory processes affecting the nose and paranasal 
sinuses, with symptoms lasting longer than 12 weeks 
(6,7). The most common symptoms are nasal congestion, 
runny nose, nasal discharge, a feeling of fullness in the 
nose, headache, and hyposmia or anosmia (8–10). The 
prevalence of sinusitis has been reported as 12% in the 
USA and 10.9% in Europe (11,12).

CRS total (n=42) CRS-CS (n=12) CRS-NP (n=30) p
Age (years) 38.29 ± 12.35 (18–69) 30.17 ± 9.85 (18–46) 41.53 ± 11.86 (21–69) p=0.002
Lund-Mackay score 9.4 ± 5.8 6.08 ± 3.55 9.67 ± 4.96 p=0.004
SNOT-22 total score 52.61 ± 13.19 39.58 ± 15.44 57.83 ± 8.56 p=0.001

SNOT-22, Sino-Nasal Outcome Test-22; CRS-NP, chronic rhinosinusitis with nasal polyps; CRS-CS, chronic 
rhinosinusitis without nasal polyps

Table 1. Patients’ LM scores and SNOT-22 scores

CRS-CS Preop CRS-CS Postop 3rd mo CRS-NP Preop CRS-NP Postop 3rd mo 
Rhinological symptoms 10.83 ± 3.74 3.17 ± 1.80 16.43 ± 3.49 4.23 ± 1.87
Extranasal rhinological 
symptoms 3.58 ± 2.43 1.08 ± 0.99 5.90 ± 2.44 1.47 ± 0.73

Ear / face symptoms 4.75 ± 2.67 1.01 ± 0.95 8.1 ± 3.67 2.27 ± 1.26
Psychological dysfunction 8.67 ± 2.96 2.25 ± 1.42 12.93 ± 5.36 3.23 ± 2.28
Sleep disturbance 
symptoms 11.75 ± 3.65 2.33 ± 1.37 14.47 ± 4.27 3.33 ± 2.62

SNOT-22, Sino-Nasal Outcome Test-22; CRS-NP, chronic rhinosinusitis with nasal polyps; CRS-CS, chronic 
rhinosinusitis without nasal polyps

Table 2. SNOT-22 questionnaire subscale scores
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Recently, quality-of-life measures have been used in 
chronic rhinosinusitis, and significant morbidities have 
been identified (13–15). Benninger et al. suggested that 
patients with long-standing CRS (>5 years) before ESS 
have a higher risk of developing asthma, and that this 
risk is reduced after ESS: the incidence of asthma was 
approximately 5% per year in patients with CRS before 
ESS but fell below 1.0% after ESS (16).
Many methods have been developed in recent years to 
measure health status or quality of life in patients with 
CRS. Pre-treatment patient expectations, and whether 
they are met, have been shown to affect outcome 
measures in many areas of medicine (17). Among many 
factors (demography, clinical criteria, social support, 
personality type, and physician–patient relationships) 
only the 22-item Sino-Nasal Outcome Test data were 
found to be determinative in treatment selection. Hancı 
et al. found a statistically significant decrease in the 
preoperative and postoperative mean SNOT-22 scores 
in CRS patients, showing that the questionnaire was 
sensitive. They also reported that the Turkish version 
of SNOT-22 has good internal consistency, excellent 
reproducibility, validity, and responsiveness in the 
evaluation of CRS patients (2).
In the literature, the preoperative SNOT-22 score 
ranges from 29.2 ± 15.3 to 54.1 ± 18.0 (4,18–21). Our 
results are consistent with the literature. In the meta-
analysis by Soler et al., a significant improvement in 
the postoperative period was found in studies evaluating 
quality-of-life outcomes with the SNOT-22 questionnaire 
after sinus surgery (18). In our study, SNOT-22 showed 
that ESS is an effective surgical method in the treatment 
of nasal polyps and chronic sinusitis; when preoperative 
and third postoperative month measurements were 
compared, a significant improvement was observed in 
all components of SNOT-22.
Mattos et al. concluded that nose-, smell-, and sleep-
related symptoms in the SNOT-22 questionnaire 
are considered the most important, and that meeting 
preoperative expectations and improving these symptoms 
may be the most important parameters of satisfaction 
with ESS. In our study, the greatest improvements 
occurred in rhinological and sleep symptoms (22).
The LM score is widely used in the evaluation of chronic 
rhinosinusitis and measures an aspect distinct from the 
“subjective” symptom scores of chronic rhinosinusitis 
(23). Chen et al. found a bilateral LM score of 0.96 ± 
1.91 in a normal population in a CT study of 600 patients 
(24). According to Brooks et al., the preoperative LM 
score correlates with preoperative symptom severity 
and predicts quality-of-life outcome trajectories after 
sinus surgery (25). Lal et al. concluded that women 
undergoing ESS generally have higher total SNOT-22 
scores and lower LM scores than men (26).
Most studies investigating the relationship between the 
SNOT-22 total score and the LM score have found little 
correlation (27,28). According to Sedaghat et al. and 
Dejaco et al., a significant correlation was found between 

the “nasal symptoms” domain and the LM score (29,30). 
In a study by Hopkins et al., a clinically significant 
correlation between the preoperative LM score and the 
SNOT-22 total score was not shown, but a correlation was 
found between the LM score and the change in SNOT-
22 total score at 12 and 36 months postoperatively (23). 
According to Brooks et al., patients with the most severe 
preoperative LM score (17–24 points) also had the 
highest SNOT-22 scores and the greatest postoperative 
improvement, raising the question of whether the 
preoperative LM score can be used for purposes beyond 
acquiring anatomical information (25). These differing 
findings highlight the possibility that preoperative CT 
scores may have prognostic implications for quality of 
life, suggesting that further research is needed to define 
the relationship between these measures.

CONCLUSION
ESS is a preferred surgical method in the treatment of 
chronic or recurrent sinusitis owing to its high success 
rate and less traumatic nature, suited to the physiology 
of the paranasal sinuses. To implement patient-centered 
therapy, we must understand patients’ priority complaints 
and expectations and how meeting those expectations 
affects outcomes and satisfaction. This study shows 
that patients undergoing ESS attach different levels of 
importance to their CRS symptoms, with rhinological 
and sleep-related symptoms appearing more important 
than others. Understanding which symptoms matter 
most to patients can help tailor counseling and treatment 
approaches and guide the elicitation of pre-treatment 
expectations.
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ABSTRACT
Objective: Liver biopsy has traditionally been regarded as the gold standard for staging and treatment decision-making in 
chronic hepatitis B (CHB). However, non-invasive assessment tools have gained increasing recognition for evaluating disease 
severity and guiding therapeutic strategies. Following the enactment of the Health Implementation Communiqué (SUT) on 
November 2, 2024, the CHB treatment algorithm was substantially revised, incorporating non-invasive markers into the 
clinical decision-making framework. This study aimed to evaluate the concordance of non-invasive indices, specifically APRI 
and FIB-4, with liver biopsy findings and to assess the potential impact of the updated SUT criteria on treatment eligibility.
Methods: A retrospective study was performed on 143 treatment-naïve patients with CHB who underwent percutaneous liver 
biopsy at the Infectious Diseases Clinic of Gaziantep City Hospital between October 2023 and January 2025. Demographic 
characteristics, laboratory parameters (ALT, AST, platelet count, HBV DNA), histopathological findings (histological activity 
index [HAI] and fibrosis stage), and non-invasive scores (APRI and FIB-4) were collected. Antiviral treatment indications 
were evaluated based on both prior and revised SUT criteria.
Results: Liver biopsy specimens were deemed insufficient in 5.6% (n=8) of patients. The mean HAI score was 5.24 ± 2.24, 
and the mean fibrosis stage was 1.56 ± 1.12. Fibrosis distribution revealed 14.8% (n=20) without fibrosis, 65.2% (n=88) with 
mild fibrosis (stage 1–2), 17.0% (n=23) with moderate fibrosis (stage 3–4), and 3.0% (n=4) with advanced fibrosis (stage 
≥5). Based on biopsy results, 53.8% of patients (n=77) received antiviral therapy. According to the new SUT criteria, 35 
patients aged >40 years with HBV DNA >20,000 IU/mL, 12 patients with APRI >0.5, and 11 patients with FIB-4 >1.45 were 
identified. Application of the revised algorithm would increase the number of patients eligible for treatment from 77 to 98.
Conclusion: These findings suggest that non-invasive indices, including APRI and FIB-4, can serve as valuable adjuncts—or, 
in select cases, alternatives—to liver biopsy in the clinical management of CHB. Implementation of the revised SUT criteria 
may substantially expand the pool of patients indicated for antiviral therapy, facilitating earlier intervention in individuals 
at risk for fibrosis progression. Prospective, large-scale studies are warranted to further delineate the role of non-invasive 
markers in clinical decision-making algorithms.
Keywords: Hepatitis B, Chronic, APRI, Biomarkers, Liver Cirrhosis/diagnosis, FIB-4, Biopsy, Fibrosis, Liver

Submitted at: 17.03.2026, Accepted at: 06.07.2026, Published at: 15.07.2026

The Journal operates under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). 

10.5281/zenodo.21269492

INTRODUCTION
Chronic hepatitis B (CHB) continues to pose a significant 
global public health burden, with the World Health 
Organization estimating that approximately 254 million 
individuals are chronically infected with hepatitis B 
virus (HBV) and that nearly 1.1 million deaths occur 
annually due to HBV-related cirrhosis or hepatocellular 
carcinoma (HCC) (1). In Turkey, the prevalence of 
CHB is considered to be of intermediate endemicity, 
with an estimated 4% of the population infected with 
HBV (2). The primary objective of CHB management 
is to suppress viral replication, thereby preventing 
the progression of liver injury and reducing the risk 
of cirrhosis and HCC (3). Clinical decision-making 

for antiviral therapy traditionally relies on multiple 
factors, including patient age, HBV DNA levels, serum 
aminotransferase concentrations, and the degree of 
fibrosis determined by liver histology. Although liver 
biopsy has long been regarded as the gold standard for 
fibrosis assessment, its invasive nature, associated risk 
of complications such as bleeding, potential sampling 
variability, and impact on patient comfort limit its 
routine applicability (4). Consequently, non-invasive 
markers derived from biochemical parameters have 
been increasingly utilized for fibrosis assessment, 
among the most widely employed being the aspartate 
aminotransferase–platelet ratio index (APRI) and the 
Fibrosis-4 (FIB-4) score (5,6). In Turkey, the Health 
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Implementation Communiqué (SUT) was revised on 
November 2, 2024 (Official Gazette no. 32710), formally 
integrating non-invasive markers into the CHB treatment 
algorithm. Under the updated guidelines, patient age and 
HBV DNA levels, together with APRI and FIB-4 scores, 
have been designated as key determinants for initiating 
antiviral therapy.
This study aimed to evaluate the effectiveness of the 
non-invasive markers (APRI and FIB-4) incorporated in 
the new SUT algorithm by comparing them with liver 
biopsy findings and to assess their potential impact on 
treatment indications.

METHODS
Study design and setting
This retrospective study was conducted at the Infectious 
Diseases and Clinical Microbiology Clinic of Gaziantep 
City Hospital between October 2023 and January 2025. 
A total of 143 treatment-naïve patients with CHB who 
underwent percutaneous liver biopsy were included. 
Inclusion criteria were: age ≥18 years, HBsAg positivity 
for at least six months, no prior antiviral therapy, and 
availability of liver biopsy specimens. Patients with 
co-infections (HCV, HDV, or HIV), decompensated 
cirrhosis, HCC, or inadequate biopsy material were 
excluded.
Data collection
Demographic information (age, sex), laboratory 
parameters (ALT, AST, platelet count, HBV DNA levels, 
HBeAg/anti-HBe status), and histopathological findings 
(HAI and fibrosis stage) were retrieved retrospectively 
from the hospital information system.
Calculation of non-invasive fibrosis scores
Non-invasive fibrosis indices, including APRI and FIB-
4, were calculated from laboratory data:
APRI = [(AST [U/L] / upper limit of normal AST) / 
platelet count (10⁹/L)] × 100
FIB-4 = (age × AST [U/L]) / (platelet count [10⁹/L] × 
√ALT [U/L])
Threshold values of 0.5 for APRI and 1.45 for FIB-4 
were adopted to define elevated scores.
Histopathological assessment
Liver biopsy specimens were evaluated using the Ishak 
scoring system for HAI and the Ishak system for fibrosis 
staging. Fibrosis was categorized as stage 0 (no fibrosis), 
stage 1–2 (mild fibrosis), stage 3–4 (moderate fibrosis), 
and stage ≥5 (advanced fibrosis).
Evaluation of treatment indications
Antiviral treatment eligibility was assessed according 
to both previous and updated SUT criteria, effective 
from November 2, 2024. Under the revised guidelines, 
patients were considered eligible if they met at least 
one of the following criteria: age >40 years with HBV 
DNA >20,000 IU/mL; persistently elevated ALT above 
the upper limit of normal in tests repeated at least three 
months apart; APRI >0.5; or FIB-4 >1.45

STATISTICAL ANALYSIS
Statistical analyses were performed using SPSS version 
25.0 (IBM Corp., Armonk, NY, USA). Continuous 
variables are presented as mean ± standard deviation, 
and categorical variables as counts and percentages.

RESULTS
The demographic and clinical characteristics of the 
143 patients are summarized in Table 1. Of these, 69 
(48.3%) were male and 74 (51.7%) were female, with 
a mean age of 40.71 ± 10.52 years (range, 19–68). All 
patients tested negative for anti-HDV. The mean HBV 
DNA level was 6,721,701.91 ± 46,575,157.88 IU/mL 
(range, 350–425,000,000). The mean ALT was 45.86 
± 63.78 U/L (range, 11–525), the mean AST 34.94 ± 
31.75 U/L (range, 12–278), and the mean platelet count 
249,510 ± 57,430/mm³ (range, 98,000–421,000).
Liver biopsy findings
Histopathological assessment indicated that in 8 of the 
143 patients (5.6%), the tissue samples were inadequate 
for evaluation and were excluded from further analysis. 
Among the remaining 135 patients, the mean HAI was 
5.24 ± 2.24 (range, 1–13) and the mean fibrosis score was 
1.56 ± 1.12 (range, 0–6). Fibrosis staging revealed that 
20 patients (14.8%) had no fibrosis (stage 0), 88 (65.2%) 
had mild fibrosis (stages 1–2), 23 (17.0%) had moderate 
fibrosis (stages 3–4), and 4 (3.0%) had advanced fibrosis 
(stage ≥5) (Table 2). Based on these findings, antiviral 
therapy was initiated in 77 patients, corresponding to 
53.8% of the study population.
Non-invasive fibrosis scores and treatment eligibility
The mean APRI was 0.30 ± 0.31 (range, 0.11–2.24), 
with 12 patients (8.4%) above the 0.5 threshold. The 
mean FIB-4 was 0.89 ± 0.47 (range, 0.31–2.98), with 11 
patients (7.7%) above the 1.45 cutoff. Under the updated 
SUT guidelines, 35 patients aged >40 years with HBV 
DNA >20,000 IU/mL met treatment indications; of 
these, 14 (40%) would not have been eligible under 
the previous SUT criteria (Table 3). Of the 12 patients 
with APRI >0.5, 2 would have been ineligible under the 
previous criteria; likewise, of the 11 patients with FIB-
4 >1.45, 5 would have been ineligible under the earlier 

Parameter Value
Age, years (mean ± 
SD) 40.71 ± 10.52

Sex, n (%)
  Male 69 (48.3%)
  Female 74 (51.7%)
HBV DNA, IU/mL 
(mean ± SD) 6,721,701.91 ± 46,575,157.88

ALT, U/L (mean ± 
SD) 45.86 ± 63.78

AST, U/L (mean ± 
SD) 34.94 ± 31.75

Platelet count, ×10³/
mm³ (mean ± SD) 249.51 ± 57.43

Table 1. Demographic and clinical characteristics of the 
study population (n=143)
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SUT guidelines.
In addition to the 77 patients who met treatment 
indications based on liver biopsy findings, patients 
who fulfilled the newly defined criteria but were not 
previously considered eligible would also be included 
in the treatment cohort. Consequently, application of the 
updated algorithm would increase the number of patients 
eligible for antiviral therapy from 77 to 98.

DISCUSSION
In the present study, the non-invasive fibrosis markers 
incorporated into the revised SUT algorithm (APRI 
and FIB-4) were compared with liver biopsy findings, 
and their potential impact on treatment indications 
in CHB was evaluated. The most notable finding was 
that implementation of the updated algorithm increased 
the number of patients eligible for antiviral therapy 
by 27.3%, from 77 to 98. This increase highlights the 
clinical relevance of the revised criteria, particularly in 
identifying high-risk patients who might not have been 
considered eligible for treatment based solely on biopsy 
findings.
The decision to initiate antiviral therapy in CHB is 
traditionally based on viral replication level, severity 
of liver injury, and individual patient characteristics. 
Current international guidelines recommend antiviral 
therapy for patients with significant fibrosis (≥F2) 
and HBV DNA levels exceeding 2,000 IU/mL (3,7). 
Although liver biopsy has long been the gold standard for 
hepatic fibrosis assessment, its invasive nature, potential 
complications, sampling variability, and negative impact 
on patient compliance have driven increasing interest in 
non-invasive approaches (8).
Among available non-invasive tools, APRI and FIB-4 
are widely used because they are inexpensive, easily 
calculated from routine laboratory parameters, and 
reproducible. Previous studies have shown that these 
indices provide acceptable diagnostic accuracy for 
detecting liver fibrosis in chronic viral hepatitis (9,10). In 
a meta-analysis by Xiao et al., APRI showed a sensitivity 
of 70.0% and specificity of 60.0% for detecting significant 

fibrosis (≥F2) at a cutoff of 0.5, whereas at a cutoff of 1.5 
the sensitivity and specificity were 34.1% and 89.5%, 
respectively; FIB-4 demonstrated a sensitivity of 65.4% 
and specificity of 73.6% at a cutoff of 1.45 (11). In our 
cohort, antiviral therapy was initiated in 10 of the 12 
patients with APRI >0.5 according to biopsy findings, 
while two patients did not receive treatment. Although 
APRI did not show complete concordance with biopsy 
results, these findings suggest that it may serve as a 
useful adjunct in guiding treatment decisions.
Age is another important determinant in the natural 
history and management of CHB, as older age is 
associated with longer infection duration and increased 
cumulative risk of progressive liver damage (12). The 
European Association for the Study of the Liver (EASL) 
guidelines recommend antiviral therapy in patients older 
than 30 years with HBV DNA >2,000 IU/mL when 
significant fibrosis is present, even with normal ALT 
(3). Consistent with this, the recent SUT revision allows 
initiation of antiviral therapy in patients older than 40 
years with HBV DNA >20,000 IU/mL without requiring 
liver biopsy. In our study, 35 patients fulfilled these 
criteria, and 14 (40%) would not have been eligible 
under the previous SUT criteria. This suggests that 
the updated algorithm addresses an important gap by 
enabling earlier identification and treatment of patients 
at risk for progression.
A further noteworthy finding was the discordance 
between liver biopsy findings and non-invasive scores. 
Among the 11 patients with FIB-4 >1.45, only six 
received antiviral therapy according to biopsy results, 
whereas five were not treated. This discrepancy 
may reflect the inherent sampling variability of liver 
biopsy, the heterogeneous distribution of fibrosis, and 
interobserver variability among pathologists (13). 
Therefore, when non-invasive markers and biopsy 
findings are discordant, repeating the tests or supporting 
the assessment with other validated modalities, such as 
elastography, may be beneficial (14).
Several limitations should be acknowledged. First, the 
retrospective design may introduce selection bias and 
limits control over confounders. Second, the single-
center nature restricts generalizability. Third, factors 
that may influence the accuracy of non-invasive 
markers, such as hepatic steatosis, metabolic syndrome, 
or concomitant medications, were not evaluated. In 
addition, the diagnostic performance of APRI and 
FIB-4 could not be assessed using receiver operating 
characteristic (ROC) analysis. Finally, the lack of 

Fibrosis stage Patients (n) Percentage (%)
0 – No fibrosis 20 14.8
1–2 – Mild fibrosis 88 65.2
3–4 – Moderate fibrosis 23 17.0
≥5 – Advanced fibrosis 4 3.0

Table 2. Distribution of patients by fibrosis stage (n=135)

Criteria Eligible under the revised SUT 
(n)

Ineligible under the previous SUT 
(n)

Age >40 years and HBV DNA 
>20,000 IU/mL 35 14

APRI >0.5 12 2
FIB-4 >1.45 11 5

Table 3. Distribution of patients according to antiviral treatment eligibility based on previous and revised SUT 
criteria
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longitudinal follow-up precluded evaluation of long-
term outcomes. Despite these limitations, our study is 
among the first to evaluate the clinical implications of 
the recent SUT revision in Turkey and suggests that the 
updated algorithm may facilitate earlier identification of 
patients who would benefit from antiviral therapy and 
improve access to treatment.

CONCLUSION
The November 2, 2024 revision of the SUT incorporated 
non-invasive parameters—including age, HBV DNA 
level, APRI, and FIB-4—into the clinical decision-
making process for CHB management. Our study 
demonstrates that fibrosis stage determined by liver 
biopsy does not always fully align with biochemical 
and virological indicators; nonetheless, non-invasive 
markers offer a practical alternative that enables timely 
treatment decisions without invasive procedures. 
Application of the updated algorithm led to a 27.3% 
increase in the number of patients receiving antiviral 
therapy, underscoring its potential to enhance care and 
improve access to treatment for those at risk of disease 
progression.
Based on these findings, the following stepwise approach 
is recommended for guiding antiviral treatment decisions 
in CHB:

1. Age assessment: patients aged >40 years should 
be classified as high-risk and prioritized for closer 
evaluation.
2. HBV DNA level: individuals with a viral load 
exceeding 20,000 IU/mL should be prioritized for 
treatment evaluation.
3. FIB-4 score: a FIB-4 >1.45 indicates a high 
likelihood of significant fibrosis and warrants 
intensified monitoring.
4. APRI score: an APRI >0.5 should prompt additional 
evaluation for hepatic fibrosis.
5. Liver biopsy: reserved as a confirmatory procedure 
when non-invasive markers are inconclusive or 
discordant.

Integration of this algorithm into routine practice has 
the potential to improve patient comfort and enhance the 
efficiency of healthcare resource utilization. However, 
liver biopsy remains the definitive gold standard 
when non-invasive markers alone may be insufficient, 
such as in younger patients, individuals with normal 
transaminases, or those with concomitant metabolic 
comorbidities.
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ABSTRACT
Objective: This study aimed to evaluate the knowledge and attitudes of resident physicians regarding crush injury, skeletal 
muscle compartment syndrome, and hyperbaric oxygen therapy (HBOT), and to identify factors associated with knowledge 
level.
Methods: This cross-sectional survey was conducted among resident physicians working at a tertiary training and research 
hospital between July 1 and August 1, 2023. A total of 318 residents participated. A 30-item questionnaire assessing 
sociodemographic characteristics and knowledge and attitudes regarding crush injury/compartment syndrome and HBOT 
was administered face-to-face and, where necessary, online. Knowledge was assessed using 13 items, scored 1 point for each 
correct response and 0 for incorrect responses.
Results: Of the 318 participants, 161 (50.6%) were women and 157 (49.4%) were men; 9 worked in basic sciences, 140 in 
surgical sciences, and 169 in internal medicine. When asked about treatment options for crush injury/compartment syndrome, 
83% of residents identified HBOT, ranking it third after fasciotomy and amputation. The median knowledge score was 8 of 
13. No significant difference in knowledge scores was found between internal medicine and surgical residents. However, 
significantly higher scores were observed among residents with ≥7 years of professional experience, those who had referred 
patients before or after an earthquake, and those who had received prior HBOT training.
Conclusion: Resident physicians demonstrated moderate knowledge of crush injury, compartment syndrome, and HBOT, 
with identifiable knowledge gaps. Professional experience and prior HBOT training were associated with higher knowledge 
levels. These findings highlight the need for targeted educational programs on HBOT.
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INTRODUCTION
Hyperbaric medicine is a relatively young specialty 
compared with many other fields of medicine, and 
awareness of it among physicians remains limited (1). 
ecause HBOT is delivered at only a limited number of 
centers, clinicians’ knowledge of how to refer patients 
with appropriate indications to suitable centers has been 
reported to be inadequate (2). Patients rarely present 
directly to hyperbaric medicine clinics; most are referred 
by other departments. Therefore, adequate knowledge 
of HBOT among physicians working outside hyperbaric 
medicine is important for patient management.
The literature includes studies demonstrating limited 
physician awareness of HBOT. One study reported that 
physicians had partially adequate knowledge of HBOT 
but were reluctant to refer patients because of insufficient 

knowledge of treatment costs (2). Another study showed 
that awareness of HBOT use in diabetic foot ulcers was 
below 10% among primary care physicians (3). These 
findings indicate that improving physician awareness of 
HBOT is important for patient management.
Crush injuries and compartment syndrome are among 
the important indications for HBOT. They are clinical 
conditions that may develop after earthquakes, traffic 
accidents, and occupational accidents, potentially 
leading to serious morbidity and mortality. A randomized 
controlled trial demonstrated that HBOT improved 
wound healing and reduced the need for surgical 
intervention in crush injuries (4). In particular, after the 
February 6, 2023 Kahramanmaraş-centered earthquakes, 
disruptions in referral processes for HBOT underscored 
the importance of physician awareness on this subject.
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The aim of this study was to evaluate the knowledge and 
attitudes of resident physicians regarding crush injury, 
skeletal muscle compartment syndrome, and HBOT, and 
to identify the factors influencing this knowledge.

METHODS
Study design and setting
This cross-sectional study was conducted among 
resident physicians working at a training and research 
hospital between July 1 and August 1, 2023. The study 
population comprised 928 resident physicians working 
at the hospital. To reduce bias, 20 residents working in 
underwater and hyperbaric medicine and in aerospace 
medicine were excluded.
The sample size was calculated using OpenEpi 
software, assuming an unknown prevalence of 50%, a 
margin of error of 5%, and a design effect of 1, yielding 
a minimum of 271 participants. Participants were 
selected by proportional stratified sampling according 
to department and invited to participate. A total of 318 
resident physicians participated.
Data Collection
Data were collected using a questionnaire developed by 
the researchers based on the literature. The questionnaire 
comprised 30 items assessing sociodemographic 
characteristics and knowledge and attitudes regarding 
crush injury, skeletal muscle compartment syndrome, and 
HBOT. The questionnaire was administered primarily 
face-to-face and, where this was not possible, online. 
Participation was voluntary, and informed consent was 
obtained from all participants. Knowledge level was 
assessed using a 13-item test. Correct answers were 
scored 1 point, and incorrect or “no opinion” answers 
were scored 0. Items allowing more than one option to 
be selected were not included in the knowledge score.

STATISTICAL ANALYSIS
Data were analyzed using SPSS version 21.0 (IBM Corp., 
Armonk, NY, USA). The conformity of continuous 
variables to a normal distribution was assessed with the 
Kolmogorov–Smirnov test. Non-normally distributed 
data were presented as median (minimum–maximum), 
and categorical variables as numbers and percentages. 
The chi-square test or Fisher’s exact test was used to 
compare categorical variables, and the Mann–Whitney 

U test was used to compare non-normally distributed 
continuous variables between two groups. The Kruskal–
Wallis test was used for comparisons among more than 
two groups (e.g., professional-experience categories), 
with pairwise post-hoc comparisons where the overall 
test was significant. Statistical significance was set at 
p<0.05. Residents working in basic sciences were not 
included in the subgroup analyses because they do not 
perform clinical patient follow-up and because of their 
limited sample size.

RESULTS
A total of 318 resident physicians were included. Of 
these, 161 (50.6%) were women and 157 (49.4%) were 
men. The median age was 28 years (range 24–45). In 
total, 169 (53.1%) worked in internal medicine, 140 
(44.0%) in surgical sciences, and 9 (2.9%) in basic 
sciences. Professional experience ranged from 1 to 18 
years (median 4) and residency duration from 1 to 6 
years (median 2) (Table 1).
Marked knowledge gaps were observed in the practical 
questions about HBOT. Among the participants, 79.6% 
reported not knowing the routine HBOT session pressure 
and 53.5% the session duration. For the statement “an 
intubated patient can receive HBOT with a pressure-
capable ventilator,” 49.4% of participants answered 
“no opinion.” The statement “a fire may occur if safety 
rules are not followed” had an agreement rate of 73.6% 
(Table 2).
Awareness of HBOT in the context of crush injury/
compartment syndrome was heterogeneous. While 
83.0% of participants stated that there was an indication 
for HBOT in crush injury/compartment syndrome, 
the proportion who considered this an “emergency 
indication” was 48.7%. The indication for HBOT in 
selected cases of compartment syndrome was reported as 
49.1% for the pre-fasciotomy setting and 65.7% for the 
post-fasciotomy setting. Agreement with the view that 
HBOT is indicated in the presence of muscle ischemia 
after fasciotomy was 70.4% (Table 3). When asked 
about treatment options, the most frequently selected 
option was fasciotomy (93.7%), and HBOT was selected 
by 83.0%.

Variable Category n %
Sex Female 161 50.6

Male 157 49.4
Specialty group Basic sciences 9 2.9

Internal medicine 169 53.1
Surgical sciences 140 44.0

P r o f e s s i o n a l 
experience 1–3 years 154 48.4

4–6 years 114 35.8
≥7 years 50 15.8

Table 1. Demographic and professional characteristics 
of the participants (n=318)

Question / Statement Response n %
Routine HBOT session 
pressure Do not know 253 79.6

Routine HBOT session 
duration Do not know 170 53.5

An intubated patient 
can be treated with 
a pressure-capable 
ventilator

No opinion 157 49.4

A fire may occur if safety 
rules are not followed Agree 234 73.6

Table 2. Practical knowledge questions regarding 
hyperbaric oxygen therapy (n=318)
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When knowledge level was evaluated based on the total 
score obtained from the 13 questions, basic sciences 
residents (n=9) were excluded from the subgroup 
comparisons, and analyses were performed with n=309. 
The median total score was 8 (0–12). No significant 
difference in total score was found between internal 
medicine and surgical sciences (p=0.09). In contrast, 
participants with ≥7 years of professional experience had 
higher total scores (p=0.012). Participants who reported 
referring patients for HBOT in the pre-earthquake and 
post-earthquake periods had significantly higher total 
scores than those who did not, in both periods (p=0.013 
and p=0.001, respectively). Participants who reported 
having received HBOT-related training also had 
significantly higher total scores than those who had not 
(p=0.035) (Table 4).
Among the participants, 13.2% reported having attended 
a course, seminar, or congress on HBOT during their 
education, while 90.5% expressed a desire for more 
information on HBOT.

DISCUSSION
Crush injuries and skeletal muscle compartment 
syndrome are among the important and emergency 
indications for HBOT. The increase in the number of 
cases due to crush injuries after the February 6, 2023 
Kahramanmaraş-centered earthquakes once again 
demonstrated the clinical importance of this subject (5).
In this study, the knowledge and attitudes of resident 

physicians regarding the use of HBOT in crush injury/
skeletal muscle compartment syndrome and the general 
principles of HBOT application were evaluated.
A substantial proportion of participants did not know basic 
application features such as the pressure and duration of 
a routine HBOT session. This finding is consistent with 
previous studies showing that physicians’ knowledge of 
HBOT is limited (2). In clinical practice, the frequent 
questions raised about HBOT session duration and 
application conditions suggest that disruptions may 
occur during treatment processes and that awareness of 
HBOT application principles needs to be improved.
Most participants had correct knowledge regarding 
the risk of fire, one of the important complications 
of HBOT. This may be related to the higher clinical 
awareness arising from the presence of an HBOT center 
at the institution where the study was conducted. In 
contrast, knowledge of technical issues such as oxygen 
delivery routes and the use of mechanical ventilators 
was inadequate. Similarly, other studies have reported 
that physicians have limited knowledge of HBOT 
application methods (2,6).
In our study, although the existence of an indication for 
HBOT in crush injuries and compartment syndrome was 
widely known, the emergency nature of this indication 
was answered correctly at a lower rate. This may be 
because HBOT emergency indications are not sufficiently 
addressed in medical school education (1). The facts that 
the study was conducted in the post-earthquake period 

Table 3. Awareness of hyperbaric oxygen therapy in crush injury/compartment syndrome (n=318)

Table 4. Factors associated with the total knowledge score (n=309*)

Statement Agree n (%) No opinion n (%) Disagree n (%)
There is an indication for HBOT in crush injury / 
compartment syndrome 264 (83.0) 47 (14.8) 7 (2.2)

Crush injury / compartment syndrome is among the 
emergency indications for HBOT 155 (48.7) 118 (37.1) 45 (14.2)

HBOT is indicated in selected pre-fasciotomy cases of 
compartment syndrome 156 (49.1) 126 (39.6) 36 (11.3)

HBOT is indicated in selected post-fasciotomy cases of 
compartment syndrome 209 (65.7) 103 (32.4) 6 (1.9)

HBOT is indicated in the presence of muscle ischemia after 
fasciotomy 224 (70.4) 83 (26.1) 11 (3.5)

Variable Group Median (Min–Max) p value
Specialty group Surgical sciences (n=140) 8.0 (0–12) 0.09

Internal medicine (n=169) 8.0 (0–12)
Professional experience 1–3 years (n=149) 8.0 (0–12) 0.012

4–6 years (n=110) 8.0 (0–12)
≥7 years (n=50) 8.5 (1–12)

Pre-earthquake HBOT referral Referred (n=114) 9.0 (1–12) 0.013
Not referred (n=195) 8.0 (0–12)

Post-earthquake HBOT referral Referred (n=100) 9.0 (1–12) 0.001
Not referred (n=209) 8.0 (0–12)

HBOT training Trained (n=42) 9.0 (1–12) 0.035
Not trained (n=267) 8.0 (0–12)

*Residents working in basic sciences (n=9) were excluded from the subgroup analyses.
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and that an HBOT center was present at the institution 
may explain why awareness was found to be higher than 
in some studies reported in the literature.
In the assessment of pre- and post-fasciotomy HBOT 
indications in compartment syndrome, the higher 
recognition of post-fasciotomy indications is noteworthy. 
However, considering the compartment-pressure–
reducing effects of HBOT applied in the early period, 
early referral is important for clinical outcomes (7). The 
fact that the majority of patients referred for HBOT in 
post-earthquake studies were cases who had already 
undergone fasciotomy suggests that early referral is not 
performed sufficiently in clinical practice (8,9).
Basic mechanisms of action of HBOT, such as its 
vasoconstrictive effect and its effect of reducing 
reperfusion injury, were correctly known by 
approximately half of the participants. The relationship 
between HBOT and reactive oxygen species, in 
particular, was observed to be insufficiently understood. 
In contrast, the higher recognition of the role of HBOT 
in preventing ischemic tissue injury indicates that 
physicians associate HBOT particularly with ischemia 
(2).
When treatment options were queried, HBOT being 
the most frequently selected option after fasciotomy 
and amputation may be explained by the presence 
of an HBOT center at the institution where the study 
was conducted and the effect of clinical information 
activities. Nevertheless, studies to be conducted at 
institutions without an HBOT center will contribute to a 
more objective evaluation of physician awareness.
The majority of participants stated that more education 
on HBOT should be provided; however, the rate of 
participation in HBOT-related educational activities 
was low. This may be due to insufficient attention to 
hyperbaric medicine education in medical schools. For 
this reason, curriculum arrangements and an increase in 
in-service training programs on HBOT are recommended 
(2). In addition, digital information sources frequently 
used today by both health care workers and patients have 
been shown to be of insufficient quality regarding HBOT. 
A recent study reported that 58% of HBOT videos on the 
YouTube platform were of poor or very poor quality, 
that the content generally showed low reliability, and 
that only videos prepared by health professionals had 
higher quality scores. This supports the need to develop 
structured educational programs and reliable digital 
educational materials on HBOT (10).
In the analysis by specialty, physicians working in the 
surgical sciences gave correct answers at a higher rate 
regarding HBOT session duration and post-fasciotomy 
indications. This is thought to be related to surgical 
clinics encountering these patients more frequently 
and working in closer cooperation with HBOT centers. 
Nevertheless, no significant difference was found 
between specialties in terms of total knowledge score.
It is expected that knowledge level increases with 
professional experience, and in our study, physicians with 

seven or more years of experience had higher knowledge 
scores. Similarly, the higher knowledge scores among 
physicians who had received HBOT-related training 
and who referred patients for HBOT indicate that 
clinical experience and educational exposure increase 
knowledge level. This finding is consistent with studies 
reported in the literature (3).
This study has several limitations. First, the research was 
conducted at a single center, and the generalizability of 
the findings to different institutions and levels of health 
care delivery may be limited; therefore, multicenter 
studies covering different geographical regions and 
institution types would reveal the knowledge and 
attitudes of resident physicians regarding HBOT more 
comprehensively. Second, because there is no standard 
measurement tool with demonstrated validity and 
reliability for measuring knowledge of crush injury/
skeletal muscle compartment syndrome and HBOT, 
the questionnaire used in this study was prepared on 
the basis of the literature, and the knowledge score 
was calculated from these questions; in future research, 
the development and use of scales with validated 
psychometric properties will increase the comparability 
of results and the reliability of measurement. Third, 
multiple subgroup comparisons were performed without 
formal correction for multiple testing, so the significant 
associations should be interpreted with appropriate 
caution. Finally, the presence of an on-site HBOT center 
may have increased awareness relative to institutions 
without such a facility, further limiting generalizability.

CONCLUSION
Our study shows that resident physicians have partial 
knowledge of HBOT but that there are significant 
knowledge gaps. In the management of crush injuries 
during mass disasters such as earthquakes, knowledge of 
the indications for HBOT and appropriate patient referral 
will contribute to improving clinical outcomes. Targeted 
educational interventions and curriculum arrangements 
are recommended to strengthen physician awareness of 
HBOT.
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