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Association of Circulating FGF-23 and Klotho with
Cardiovascular Disease Iin Patients with Chronic Kidney
Disease

@ Ayla Yildiz', ® Levent Deniz?

TUniversity of Health Sciences Tirkiye, Basaksehir Cam and Sakura City Hospital, Clinic of Medical Biochemistry, Istanbul, Tirkiye
2University of Health Sciences Trkiye, Istanbul Training and Research Hospital, Clinic of Medical Biochemistry, Istanbul, Tirkiye

Abstract

Aim: Chronic kidney disease (CKD) contributes to an increased risk of cardiovascular disease (CVD) beyond traditional risk factors,
partly through the fibroblast growth factor 23 (FGF-23) and Klotho pathways. This study examined the association between circulating
FGF-23 and Klotho levels and CVD in individuals with CKD.

Methods: This cross-sectional study included 110 patients with CKD treated at University of Health Sciences Turkiye, Istanbul Haseki
Training and Research Hospital. Patients were classified into CVD-positive (n=56) and CVD-negative (n=54) groups according to the
presence of CVD, defined as coronary artery disease, ischaemic stroke, or peripheral arterial disease. Serum FGF-23 and Klotho levels
were quantified using enzyme-linked immunosorbent assay, and routine biochemical and hormonal parameters were simultaneously
assessed. Statistical analyses included group comparisons, correlation analyses, and binary logistic regression.

Results: Patients with CVD had higher serum FGF-23 levels than those without CVD (p=0.022), whereas Klotho levels did not differ
between the groups. Multivariate regression analyses showed that FGF-23 was associated with CVD [odds ratio =1.0026 (1.0002-
1.0049), p=0.032] after adjusting for estimated glomerular filtration rate, age, sex, diabetes mellitus, and hypertension. Klotho showed
inverse correlations with creatinine (r=-0.297, p=0.029) in CVD-negative patients and with glucose (r=-0.299, p=0.025) in CVD-positive
patients and was positively associated with FGF-23 (r=0.558, p<0.001) in CVD-positive patients.

Conclusion: Elevated FGF-23 levels were associated with CVD in patients with CKD, whereas Klotho levels did not distinguish patients
with CVD. These findings suggest a possible relationship between FGF-23 and CVD in CKD; however, further studies are required.

Keywords: Cardiovascular disease, creatinine, enzyme-linked immunosorbent assay, fibroblast growth factor, renal insufficiency

Introduction In this context, the fibroblast growth factor 23 (FGF-23)-
Klotho axis has emerged as a key pathway linking kidney
dysfunction and cardiovascular pathology (4,5).

Fibroblast growth factor 23 levels increase early in
the course of CKD, often preceding abnormalities in
phosphate or parathyroid hormone levels, whereas Klotho

expression progressively declines as kidney function

Chronic kidney disease (CKD) is a major global health
problem and is projected to become the fifth leading
cause of years of life lost by 2040, with cardiovascular
disease (CVD) accounting for over half of the deaths
in this population (1,2). The excess cardiovascular risk

observed in patients with CKD cannot be fully explained
by traditional risk factors, suggesting the involvement of
disease-specific mechanisms (2,3). Disturbances in mineral
metabolism are a central feature of CKD and play a critical
role in the development of cardiovascular complications.

deteriorates (5,6). Compared to Klotho, FGF-23 has been
more extensively investigated, and accumulating evidence
has linked elevated FGF-23 levels to adverse cardiovascular
outcomes in CKD, particularly cardiac remodelling and left
ventricular hypertrophy (7). Despite increasing evidence
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supporting the individual roles of FGF-23 and Klotho, data
evaluating their combined association with established
CVD in patients with CKD remain limited (8).

We hypothesised that circulating FGF-23 and Klotho
levels are associated with CVD in patients with CKD and
may serve as independent cardiovascular risk markers
beyond traditional risk factors. This study aimed to
investigate the relationship between FGF-23, Klotho, and
CVD in patients with CKD.

Materials and Methods

Compliance with Ethical Standards

The study was conducted with approval of the
University of Health Sciences Turkiye, Istanbul Training
and Research Hospital Clinical Research Ethics Committee
(approval number: 1448, date: 28.09.2018). Any personal
or identifiable information was anonymised throughout the
study to ensure confidentiality. The study was carried out
in line with the ethical standards outlined in the Helsinki
Declaration. Written informed consent was obtained from
all the participants before their inclusion in the study.

Study Design and Patient Selection

We analysed 110 consecutive patients with CKD who
were admitted to the Nephrology Clinic of University
of Health Sciences Tirkiye, Istanbul Haseki Training and
Research Hospital between October 2018 and April 2019.
In all cases, serum FGF-23 and Klotho levels were assessed
simultaneously with routine biochemical and hormonal
tests, such as creatinine, estimated glomerular filtration rate
(eGFR), urea, calcium, magnesium, phosphorus, parathyroid
hormone, glucose, and 25-hydroxyvitamin D. The eGFR
was calculated using the CKD Epidemiology Collaboration

equation. Clinical data for each patient, including
cardiovascular status, smoking history, hypertension,
diabetes mellitus, coronary artery disease, ischaemic

stroke, and peripheral artery disease, were recorded.
Cardiovascular disease was defined as the presence of
coronary artery disease, ischaemic stroke, or peripheral
arterial disease. Coronary artery disease was defined as
a history of percutaneous coronary intervention (stent
implantation) or coronary artery bypass grafting. Ischemic
stroke was defined based on a diagnosis documented in
the medical history and supported by imaging findings.
Peripheral arterial disease was defined as a history of
peripheral revascularisation or imaging-confirmed disease.

Laboratory Measurements

Routine biochemical and hormonal analyses were
performed using an AU5800 analyser (Beckman
Coulter, Brea, CA, USA) and a Siemens Immulite 1000
Immunoassay System (Siemens Healthcare Diagnostics,
Los Angeles, CA, USA), respectively. Commercial
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enzyme-linked immunosorbent assay kits were used
to assess serum FGF-23 and Klotho levels following the
manufacturer’s guidelines (Sunred Biological Technology
Co. Ltd., Shanghai, China). The analytical sensitivity [limit
of detection (LOD)] and measurement ranges of the
assays were defined according to the manufacturer’s
specifications (catalogue numbers: FGF-23, 201-12-0060;
Klotho, 201-12-2782). The LOD for FGF-23 was 5.147 pg/
mL, with a measurement range of 10-1500 pg/mL. The
LOD for Klotho was 0.05 ng/mL, with a measurement
range of 0.1-20 ng/mL. The within-run coefficients of
variation (CVs) for FGF-23 and Klotho were <10%, and the
inter-assay CVs were <12%.

Individuals aged 18 years and above who were diagnosed
with CKD, who were followed at the Nephrology Clinic
of University of Health Sciences Turkiye, Istanbul Haseki
Training and Research Hospital, and who had available
serum FGF-23 and Klotho measurements and complete
cardiovascular clinical data were included. Patients younger
than 18 years; those diagnosed with acute kidney injury;
those receiving kidney replacement therapy; those with
a history of kidney transplantation; and those with active
infection, inflammatory or autoimmune disease, malignancy,
chronic liver disease, or an acute cardiovascular event within
the previous three months were excluded (Figure 1).

CKD Patients
Haseki Training and Research Hospital

1

Clinical Data Collection

+ Smoking status

« Diabetes mellitus

* Hypertension

« Coronary artery disease

« Ischemic stroke

« Peripheral arterial disease

+
Assessed for Eligibility
n =110
CVD (-) CVD (+)
(n =54) (n =56)

* Age =18 years
* Excluded criteria absent
* Without CVD

* Age =18 years
* Excluded criteria absent
« With CVD

Cardiovascular disease (CVD was
defined as the presence of cor-

onary artery disease, ischemic st-
roke, or peripheral arterial disease.

4

Laboratory Measurements

« Serum FGF23 (ELISA)

+ Serum Klotho (ELISA)

+ Routine biochemistry & hormones

Figure 1. Flow diagram of the study population and participant
selection

CKD: Chronic kidney disease, CVD: Cardiovascular disease, ELISA:
Enzyme-linked immunosorbent assay, FGF-23: Fibroblast growth factor
23
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Sample Size Estimation

The sample size was estimated a priori based on the
expected difference in serum FGF-23 levels between
patients with and without CVD. Using an effect size of
Cohen’s d=1.19 derived from the findings of Khodeir et
al. (5), a two-sided alpha level of 0.05 and 95% power,
the minimum required total sample size was calculated as
40 participants. To improve the precision of the estimates
and account for potential exclusions or incomplete data,
all 110 eligible patients were included in the analysis. The
sample size calculation was performed using G*Power
version 3.1.9.7 software (Heinrich-Heine-Universitét
Dusseldorf, Dusseldorf, Germany).

Statistical Analysis

Statistical analyses were carried out using IBM SPSS
v. 26 (Armonk, NY, USA) and GraphPad Prism v. 10.4.2
(San Diego, CA, USA). Normality of the data was assessed
using the Kolmogorov-Smirnov test. Categorical variables
were examined using the chi-square test or Fisher’s exact
test. Student’s t-test was used for parametric data, and
the Mann-Whitney U test was used for non-parametric
data. The Kruskal-Wallis test was used to compare FGF-23
and Klotho levels among the three independent groups.
Spearman’s rank correlation analysis was conducted to
explore the relationships between FGF-23, Klotho, and
other variables. In the binary logistic regression model,
the FGF-23 level was included as an independent variable,
and the analysis was adjusted for eGFR, age, sex, diabetes

mellitus, and hypertension to assess its association with the
presence of CVD. Covariates were selected a priori based
on their established clinical relevance and evidence from
previous literature. Statistical significance was defined as
p<0.05.

Results

Table 1 presents the demographic features of the
CVD-positive and CVD-negative groups. The groups did
not differ significantly with respect to age, sex, smoking
status, or hypertension prevalence (p>0.05). However,
the CVD-positive group exhibited significantly higher
incidence rates of diabetes mellitus (p=0.022), coronary
artery disease (p<0.001), ischaemic stroke (p=0.027), and
peripheral arterial disease (p=0.027) compared with the
CVD-negative group (Table 1).

Table 2 presents the results of the between-
group statistical analyses of FGF-23, Klotho, and other
biochemical variables evaluated in the study. Fibroblast
growth factor 23 levels were elevated in the CVD-positive
group [130 (38.7-231)] compared to the CVD-negative
group [69.9 (33.6-141)], with a p-value of 0.022 (Figure
2). The groups did not differ significantly with respect to
levels of Klotho, creatinine, urea, calcium, phosphorus,
magnesium, parathyroid hormone, and 25-hydroxyvitamin
D. Additionally, glucose levels were higher in the CVD-
positive group [139 (109-186)] than in the CVD-negative
group [108 (96.0-136)]; p=0.002 (Table 2).

Table 1. Baseline characteristics of the CVD (+) and CVD (-) groups

Variables CVD () (n=54) CVD (+) (n=56) p-value
Age (years), mean £ SD 64.2+9.02 67.4+8.24 0.054°
Gender, n (%)

Female 3 (42.6) 19 (33.9) 0.350°
Male 31(57.4) 37 (66.1) '
Smoking status, n (%)

No 36 (66.7) 36 (64.3) 0.951°
Yes 18 (33.3) 20 (35.7) '
Diabetes mellitus, n (%)

No 29 (53.7) 17 (30.4) .
Yes 25 (46.3) (69.6) 0.022
Hypertension, n (%)

No 7 (13.0) 5 (8.90) .
Yes 47 (87.0) 51(91.1) i)
Coronary artery disease, n (%)

No 54 (100) 4(7.10) .
Yes 0 (0.00) 52 (92.9) <0.001
Ischemic stroke, n (%)

No 54 (100) 50 (89.3) .
Yes 0 (0.00) 6(10.7) 0.027
Peripheral arterial disease, n (%)

No 54 (100) 50 (89.3) .
Yes 0 (0.00) 6(10.7) e/

CVD: Cardiovascular disease, SD: Standard deviation

Statistically significant values (p<0.05) are shown in bold. ®Student’s t-test, ®Chi-square
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Table 2. Laboratory parameters of the CVD (+) and CVD (-) groups

Variables CVD (-) (n=54) CVD (+) (n=56) p-value
FGF-23 (pg/mL), median (25-75% percentiles) 69.9 (33.6-141) 130 (38.7-231) 0.022°
Klotho (ng/mL), median (25%-75" percentiles) 4.00 (3.34-4.90) 4.29 (3.54-6.23) 0.149°
Creatinine (mg/dL), median (25"-75% percentiles) 1.80 (1.46-2.60) 1.89 (1.41-2.54) 0.902°
eGFR (mL/min/1.73 m2), mean + SD 32.4+12.9 34.4£14.5 0.450P
Urea (mg/dL), median (25"-75" percentiles) 77.7 (58.0-94.5) 68.2 (49.0-106) 0.403°
Calcium (mg/dL), median (25"-75" percentiles) 9.70 (9.40-10.0) 9.60 (9.10-9.95) 0.410°
Phosphorus (mg/dL), mean + SD 3.87+0.63 3.76+0.92 0.441°
Magnesium (mg/dL), mean + SD 2.11+0.38 2.06+0.35 0.424°
Glucose (mg/dL), median (25"-75" percentiles) 108 (96.0-136) 139 (109-186) 0.002*
25(0OH)D (ng/mL), median (25"-75" percentiles) 16.9 (11.6-24.8) 14.8 (10.3-24.2) 0.4532
PTH (pg/mL), median (25"-75% percentiles) 94.0 (67.0-149) 122 (61.0-188) 0.212°

SD: Standard deviation

Statistically significant values (p<0.05) are shown in bold. Variables with a normal distribution were expressed as mean + standard deviation, while variables without a
normal distribution were expressed as median (25"-75" percentiles). Mann-Whitney U test, ®Student’s t-test
FGF-23: Fibroblast growth factor 23, eGFR: Estimated glomerular filtration rate, 25(0OH)D: 25-hydroxyvitamin D, PTH: Parathyroid hormone, CVD: Cardiovascular disease,

p=0.022
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Figure 2. Comparison of FGF-23 levels in patients categorized by
cardiovascular disease status
CVD: Cardiovascular disease, FGF-23: Fibroblast growth factor 23

In the univariate regression analysis, FGF-23
demonstrated a significant association with the presence
of CVD J[odds ratio (OR)=1.0024 (1.0002-1.0047),
p=0.035]. In the multivariate regression model, FGF-23
was associated with CVD [OR=1.0026 (1.0002-1.0049),
p=0.032] after adjusting for eGFR, age, sex, diabetes
mellitus, and hypertension (Table 3).

Fibroblast growth factor 23 levels were positively
correlated with Klotho levels in the CVD-positive group
(r=0.558, p<0.001). Conversely, Klotho levels were
negatively correlated with creatinine levels (r=-0.297,
p=0.029) in the CVD-negative group. Additionally, Klotho
levels were negatively correlated with glucose levels (r=-
0.299, p=0.025) in the CVD-positive group (Table 4).

Patients were categorised into three groups based on
eGFR levels, corresponding to CKD stages: 45-59 (n=27),
30-44 (n=35), and <30 (n=48) mL/min/1.73 mZ. Fibroblast
growth factor 23 levels were not significantly different
among the groups (p=0.496), with median (25"-75%
percentile) values of 71.9 (25.3-167), 90.9 (57.5-185), and
106 (34.2-191), respectively. Similarly, Klotho levels did not
differ significantly among the groups (p=0.999); median
(25"-75" percentiles) values were 4.28 (3.30-5.82), 4.28
(3.29-6.34), and 4.11 (3.60-5.58), respectively.

Discussion

This study assessed the relationship of circulating FGF-
23 and Klotho with the occurrence of CVD in patients with
CKD. Our findings indicated that FGF-23 was significantly
higher in the CVD-positive group and remained
independently associated with CVD after controlling for
traditional cardiovascular risk factors. Conversely, serum
Klotho levels did not differ significantly between patients
with and without CVD. These findings are consistent with
previous studies suggesting an association between FGF-
23 and cardiovascular risk (9-11).

The study groups were demographically similar;
no notable differences in age, sex, smoking habits, or
hypertension were observed between groups. The higher
prevalence of diabetes mellitus and atherosclerotic
cardiovascular conditions in patients with CVD is consistent
with epidemiological data in CKD populations and
aligns with previously reported findings (2). The similar
distribution of traditional risk factors supports the notion
that the observed association between FGF-23 and CVD is
not solely attributable to baseline clinical differences.
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Table 3. Binary logistic regression analysis results for effects of FGF-23 on cardiovascular disease

Univariate Multivariate*
Variables

OR (95% ClI) p-value OR (95% ClI) p-value
FGF-23 (pg/mL) 1.0024 (1.0002-1.0047) 0.035 1.0026 (1.0002-1.0049) 0.032

Statistically significant values (p<0.05) are shown in bold
*Adjusted for eGFR, hypertension, diabetes mellitus, age, and sex.

Cl: Confidence interval, OR: Odds ratio, eGFR: Estimated glomerular filtration rate, FGF-23: Fibroblast growth factor 23

Table 4. Correlations between FGF-23 and Klotho and other variables

FGF-23 (pg/mL) Klotho (ng/mL)
Parameter CVD (-) (n=54) CVD (+) (n=56) CVD (-) (n=54) CVD (+) (n=56)

r p-value r p-value r p-value r p-value
Klotho (ng/mL) 0.248 0.071 0.558 <0.001 1.000 <0.001 1.000 <0.001
Creatinine (mg/dL) 0.076 0.583 -0.063 0.643 -0.297 0.029 0.111 0.413
eGFR (mL/min/1.73 m?) -0.123 0.377 0.049 0.722 0.216 0.117 -0.136 0.319
Urea (mg/dL) 0.054 0.699 -0.039 0.774 -0.162 0.243 0.111 0.417
Calcium (mg/dL) -0.027 0.844 -0.127 0.349 -0.001 0.995 -0.088 0.520
Phosphorus (mg/dL) -0.133 0.337 -0.049 0.718 0.093 0.502 0.114 0.404
Magnesium (mg/dL) 0.112 0.421 0.101 0.458 -0.098 0.480 0.127 0.353
Glucose (mg/dL) -0.106 0.446 -0.191 0.157 -0.115 0.406 -0.299 0.025
25(0OH)D (ng/mL) 0.155 0.264 0.026 0.848 -0.090 0.518 -0.157 0.249
PTH (pg/mL) 0.011 0.935 0.172 0.206 -0.039 0.777 -0.054 0.695

Statistically significant values (p<0.05) are shown in bold

FGF-23: Fibroblast growth factor 23, eGFR: Estimated glomerular filtration rate, 25(OH)D: 25-hydroxyvitamin D, PTH: Parathyroid hormone, CVD: Cardiovascular disease

Elevated FGF-23 levels in patients with CVD represent
a central finding of this study. This observation is in
agreement with large cohort studies and meta-analyses
demonstrating that increased FGF-23 concentrations are
associated with heart failure, left ventricular hypertrophy,
cardiovascular events, and mortality across different CKD
stages (10,11).

The groups did not differ significantly in kidney
function parameters and traditional markers of mineral
metabolism. This finding indicates that the association
between FGF-23 and CVD cannot be attributed solely to
advanced renal dysfunction or pronounced disturbances
in mineral metabolism. Previous studies have similarly
demonstrated that FGF-23 is associated with cardiovascular
risk independently of serum phosphate and parathyroid
hormone levels (9,10).

In contrast to FGF-23 levels, serum Klotho levels were not
significantly different between patients with and without
CVD. This observation aligns with findings from cross-
sectional studies highlighting the limited discriminatory
capacity of Klotho for established CVD. Data from the
chronic renal insufficiency cohort study (12) indicated that
circulating Klotho levels were not correlated with mortality,
hospitalisation due to heart failure, atherosclerotic
cardiovascular events, or the progression of kidney disease
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in patients with CKD. Furthermore, Klotho deficiency did
not confound or alter the association between FGF-23
and adverse clinical outcomes. These results imply that
circulating Klotho may play a limited role in determining
short- to mid-term clinical outcomes in CKD (12). Consistent
with these findings, serum Klotho levels in the present
study did not differ between patients with and without
established CVD and did not independently discriminate
CVD status. In contrast, FGF-23 levels appeared to be
independently associated with CVD. Overall, these results
show that FGF-23 is more closely linked to cardiovascular
risk than circulating Klotho levels in people with CKD.

Multivariate analysis showed an association between
FGF-23 and CVD after adjusting for eGFR, age, sex,
diabetes mellitus, and hypertension. Although the
effect size per unit increase appeared modest, the wide
biological range of FGF-23 levels observed in patients with
CKD suggests that cumulative increases may have clinically
meaningful implications. Previous studies have reported
dose-dependent and nonlinear associations between FGF-
23 levels and adverse cardiovascular outcomes, particularly
at high concentrations (10,13).

In this study, the moderate and statistically significant
positive correlation observed between FGF-23 and Klotho
in the CVD-positive group (r=0.558, p<0.001) suggests
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that the FGF-23-Klotho axis may exhibit a different
regulatory pattern in the presence of CVD. Although FGF-
23 and Klotho are classically considered to have an inverse
physiological relationship, previous studies have reported
inconsistent associations between these biomarkers in
CKD (7,12). In addition, circulating soluble Klotho does not
necessarily reflect tissue-level expression or biological activity
(14,15), which may partly explain the unexpected findings.
Furthermore, both FGF-23 and Klotho may be influenced
by shared pathophysiological processes in CKD and CVD,
potentially leading to parallel changes under certain
conditions (8). Therefore, the positive correlation observed in
our study may reflect disease-specific regulatory mechanisms
rather than direct physiological interactions. The absence of
a significant association in the CVD-negative group indicates
that this parallel increase may be specific to the disease
context. Additionally, the inverse relationships observed
between Klotho levels and creatinine and glucose levels
support previous findings linking reduced Klotho availability
to declining renal function and metabolic dysregulation
(7,12). Although FGF-23 and Klotho are known to constitute
a closely related physiological axis, the observed correlation
should not be interpreted as evidence of a causal relationship
and may be influenced by concomitant renal function,
metabolic status, or other regulatory factors.

In this context, the positive correlation observed
between FGF-23 and Klotho in the CVD-positive group
may reflect a combination of compensatory Klotho
upregulation, functional Klotho resistance, chronic
cardiovascular stress, increased Klotho shedding, and
disease-specific regulatory mechanisms. This finding does
not indicate preservation of the physiological FGF-23-
Klotho balance; rather, it emphasises the complex nature
of this axis in established CVD and highlights the limitations
of interpreting circulating biomarkers in isolation (16-19).

Although the per-unit effect size of FGF-23 was modest,
its wide biological range and previously demonstrated
nonlinear and dose-dependent associations  with
cardiovascular outcomes suggest that even small increases
may be clinically meaningful (9,20-22). As reported
in previous studies, potential variability in biomarker
measurements should be considered when interpreting
these findings (9,12,15). Cardiovascular disease was
defined by imaging and documented diagnoses, including
coronary artery disease, peripheral arterial disease, and
stroke; however, subclinical disease could not be excluded.

Overall, our findings are consistent with accumulating
evidence that FGF-23 plays a role in CKD-associated CVD
and is independently associated with cardiovascular risk
beyond traditional factors (23,24). FGF-23 may represent
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a potential biomarker for cardiovascular risk stratification
in patients with CKD; however, prospective studies are
required before routine clinical application.

Study Limitations

This study has several limitations. First, its cross-
sectional, single-centre design limits the ability to establish
causality between FGF-23 levels and CVD and may restrict
the generalisability of the findings. Therefore, the observed
associations should be interpreted as correlational, and
prospective longitudinal multicentre studies are needed
to clarify potential causal relationships. Second, the
relatively modest sample size may have limited our ability
to detect subtle associations, particularly those involving
serum Klotho levels. Third, CVD was identified based on
clinical history and medical records, which does not permit
the exclusion of subclinical disease. Furthermore, serum
Klotho levels may not accurately reflect tissue-level Klotho
expression or biological activity, which may partially explain
the lack of an observed association between Klotho levels
and CVD. Additionally, urinary albumin-to-creatinine ratio
data were unavailable for all patients and were therefore
excluded from the analysis, which may have limited the
clinical interpretation of our findings.

Despite these limitations, this study is among recent
investigations highlighting CVDs associated with CKD. In
addition, the comprehensive evaluation of a wide range of
biochemical parameters, together with analyses stratified
by disease stage, constitutes a significant strength of the
study. Moreover, the simultaneous evaluation of FGF-
23 and Klotho in this patient population constitutes an
additional strength, as studies assessing both biomarkers
together in this group are limited.

Conclusion

Based on these findings, this study demonstrates
that circulating FGF-23 levels are significantly associated
with CVD in individuals with CKD, whereas serum Klotho
levels do not differ by CVD status. Our findings indicate a
possible association between FGF-23 and cardiovascular
risk in CKD, which requires further confirmation.
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Abstract

Aim: Caregiver-facing large language model (LLM) responses to pediatric seizure questions must provide accurate, complete, and
safety-critical guidance because omissions may affect urgent decision-making. This study aimed to evaluate the clinical accuracy,
completeness, readability, empathy, and reproducibility of responses generated by three LLMs to standardized caregiver questions
about pediatric seizures.

Methods: This cross-sectional comparative study evaluated GPT-5.5, Gemini 3 Flash, and DeepSeek V3. Ten standardized caregiver
questions addressing concerns about childhood seizures were submitted to each model in two runs during a 48-hour testing window in
May 2026. Model identities were removed, and responses were evaluated by two pediatric neurologists using a 5-point rubric covering
clinical accuracy and safety, completeness, readability and understandability, and empathy and tone. Inter-run consistency was assessed
using Spearman’s rank correlation coefficient.

Results: A total of 60 artificial intelligence-generated responses were evaluated. Expert-rated performance differed among the models
in this exploratory analysis. Gemini received the highest overall scores within this prompt set and the May 2026 testing window, with a
median score of 5.00; it was followed by GPT-5.5 and DeepSeek V3, which had median scores of 4.50 and 4.00, respectively. Although
all models produced fluent and understandable responses, some outputs omitted clinically important safety information, including the
five-minute emergency threshold. Inter-run consistency was moderate (Spearman’s p=0.517). These findings are exploratory and may
differ across model updates, testing periods, and clinical scenarios.

Conclusion: In this targeted expert evaluation of caregiver-oriented responses to pediatric seizures, model performance varied across
LLMs, and repeated responses demonstrated only moderate consistency. Although Gemini achieved the highest scores within the
prompt set and the testing window, the occasional omission of safety-critical advice, including the five-minute emergency threshold,
indicates that LLMs should be used as supplementary sources of general information rather than as stand-alone tools for urgent seizure-
related decisions. Relative model performance may change with model updates and when different clinical scenarios are evaluated.

Keywords: Pediatric seizures, large language models, ChatGPT, Gemini, DeepSeek, artificial intelligence, caregiver counseling, patient
education

Introduction occur unexpectedly, they may cause considerable anxiety
Seizures are transient episodes of signs and/ in parents, particularly after a first episode (2,3). Lacking
or symptoms resulting from abnormal excessive or immediate professional support, families are often driven
synchronous neuronal activity in the brain (1). Febrile by @ sense of urgency to turn toward digital platforms for

and non-febrile seizures are among the most common health-related guidance.

neurological emergencies in childhood. Because they often As large language model (LLM) applications become
part of daily life, they are redefining how caregivers
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navigate health-related information. While artificial
intelligence (Al) technology has long been a staple
in medicine, today's chat systems have become an
increasingly accessible source of information for the
general public. Recent studies and reviews have shown
that LLMs are increasingly evaluated as tools for answering
patient questions, generating patient education materials,
and supporting caregiver-facing information; however,
their performance remains variable, and concerns persist
regarding accuracy, completeness, and safety (4-7). Built
on distinct technical frameworks, ChatGPT, Gemini, and
DeepSeek have emerged as some of the most accessible
models for the general public today. Although LLMs
have been increasingly studied in health care, their use
in pediatric neurology remains less well characterized.
Evidence is especially limited for caregiver-facing seizure
counseling, where the quality of advice depends not only
on accuracy but also on clear safety guidance (8).
Therefore, this study aimed to assess the clinical validity
and communication quality of three widely used LLMs.
Using standardized caregiver questions about pediatric
seizures, we evaluated model-generated responses in terms
of clinical accuracy, completeness, readability, empathy,
and reproducibility. We hypothesized that the evaluated
LLMs would differ in overall expert-rated performance and
that repeated responses to identical caregiver prompts
would show variability in clinically relevant content.

Materials and Methods

Compliance with Ethical Standards

This study did not involve human participants, animal
subjects, patient-level data, private medical records,
biological samples, identifiable personal data, patient
images, or any clinical intervention. The prompts were
standardized hypothetical caregiver questions developed
by the authors, and the evaluated material consisted
only of responses generated by publicly accessible LLMs.
Therefore, institutional ethics committee approval and
informed consent were not required. The authors declare
no conflicts of interest and no financial support was
received for this study.

Study Design and Al Models

This was a cross-sectional, prompt-based, comparative
evaluation study designed to assess the quality and
reproducibility of caregiver-oriented responses generated
by LLMs in response to pediatric seizure-related questions.
Three widely accessible LLMs were evaluated: ChatGPT/
GPT-5.5 (OpenAl), Gemini 3 Flash (Google), and DeepSeek
V3.

We wused ten caregiver prompts, selected to
represent common seizure-related questions in pediatric
neurology practice. These prompts addressed acute
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seizure first aid, febrile seizures, emergency referral,
electroencephalography interpretation, antiseizure
treatment, neurodevelopmental concerns, the risk of later
epilepsy, and daily-life precautions. Each question was
entered twice into each of the three models, yielding 60
responses in total. The prompts were submitted through
the publicly available web interfaces of the models
without changing the default settings. To limit the effects
of possible model updates, all queries were completed
within a single 48-hour period in May 2026. Before the
second run, previous conversations were cleared so that
earlier prompts would not influence later responses.

Model names and versions were recorded as displayed
in the public web interfaces at the time of testing. Because
LLMs are frequently updated, the findings reflect model
behavior during this specific testing period and may not
be directly reproducible at later dates. The study workflow
included prompt development, two independent model
runs, collection and de-identification of responses, blinded
expert evaluation, and statistical analysis, as summarized
in Figure 1.

Prompt Development and Reference Standards

The prompts were developed by two pediatric
neurology specialists to reflect common caregiver
guestions encountered in clinical practice. Rather than
using a large number of automated prompts, the study
deliberately focused on ten high-priority questions that
would allow detailed expert assessment of clinically
relevant and potentially safety-sensitive content. The full
list of prompts is presented in Table 1.

Before formal scoring, the authors defined core
expected content for seizure-related caregiver counseling
based on established seizure terminology, febrile seizure
guidance, and commonly accepted seizure first-aid
principles. These predefined reference standards covered
seizure first aid, emergency warning signs, febrile seizure
counseling, diagnosis and treatment, developmental and
epilepsy risks, and daily-life precautions. They were used
to support the clinical accuracy, safety, and completeness
domains of the scoring rubric. The predefined reference
standards are summarized in Table 2.

Outcomes

The primary outcome was the overall expert-rated
performance score assigned to each LLM-generated
response. Secondary outcomes included domain-specific
scores for clinical accuracy and safety; completeness;
readability and understanding; and empathy and
tone. Additional secondary outcomes included inter-
run consistency of repeated model outputs, inter-rater
agreement between the two evaluators, and presence of
safety-critical omissions, including failure to mention the
five-minute emergency threshold when clinically relevant.
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PROMPT DEVELOPMENT

10 standardized caregiver questions

01

on pediatric seizures

!

MODEL TESTING

3 LLMs: ChatGPT/GPT-5.5,
Gemini 3 Flash, DeepSeek V3

l

REPEATED RUNS

Each prompt submitted twice to each model
during a 48-hour testing window in May 2026

J

RESPONSE DATASET

10 prompts x 3 models x 2 runs
= 60 Al-generated responses

l

BLINDING AND PREPARATION

Model-identifying information
removed before evaluation

$

EXPERT ASSESSMENT

Two pediatric neurologists independently
scored responses using a structured 5-point rubric

I

Figure 1. Study workflow. The workflow summarizes prompt
development, model testing, repeated response generation,
response de-identification, blinded expert evaluation, and
statistical analysis. Ten standardized caregiver prompts were
submitted twice to each of three large language models,
resulting in 60 Al-generated responses

Al: Artificial intelligence

02

03

04

05

06

Evaluation Protocol

The responses generated by each model were
collected in a standardized document. All information
that could identify the source model was removed before
evaluation to ensure that the assessors were blinded to
model identity. However, complete blinding could not be
guaranteed because model outputs may have recognizable
stylistic characteristics.

The responses were independently evaluated by two
pediatric neurologists. Before formal scoring, a pilot
evaluation was performed using sample responses to
align evaluators and ensure consistent interpretation
of scoring domains. Each response was scored using
a 5-point rubric ranging from 1, indicating very poor
performance, to 5, indicating excellent performance.
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The rubric covered four domains: clinical accuracy and
safety, completeness, readability and understanding, and
empathy and tone. The scoring rubric is presented in Table
3. Rubric development followed a prespecified, stepwise
process: the two pediatric neurologists first identified the
clinically and communicatively essential domains; mapped
the accuracy/safety and completeness domains to the
predefined seizure reference standards; reviewed the
readability and empathy domains in relation to dimensions
commonly assessed in prior expert evaluations of patient-
and caregiver-facing LLM outputs (5-7); and then pilot-
tested the draft rubric on sample responses to harmonize
domain interpretation and scoring thresholds before
formal evaluation.

Each evaluator assigned four domain scores and
a separate holistic overall performance score (1-5) for
each response. The two evaluators’ overall performance
scores were averaged to yield the primary overall score
for that response. Scores within each domain were
likewise averaged across the two evaluators and reviewed
descriptively. This overall score was used for descriptive
model comparisons. The domain-specific scores were
also reviewed to identify clinically relevant strengths and
weaknesses in the generated responses.

Although the rubric was not a formally validated
instrument, it was developed to reflect clinically relevant
dimensions of caregiver-facing medical information,
including clinical accuracy and safety, completeness,
readability, and empathic communication. The four
domains were defined a priori and selected because
they correspond to recurring assessment dimensions in
published evaluations of LLM-generated health information
(5-7). The clinical accuracy, safety, and completeness
domains were anchored to the predefined seizure-
related reference standards described above, whereas
readability and empathy were assessed as caregiver-
oriented communication domains. Following the pilot
review, the evaluators discussed discrepancies in domain
interpretation and agreed on the operational meaning
of each score level; the final scoring criteria and anchors
are provided in Table 3. Therefore, the scoring process
combined structured expert assessment with clinically
anchored reference criteria.

Statistical Analysis

All data were analyzed using jamovi version 2.3 (The
jamovi project, Sydney, Australia) and JASP version 0.18.3
(JASP Team, Amsterdam, the Netherlands). Descriptive
statistics were reported as medians and interquartile ranges
(IQR) because the score distributions were nonparametric
and exhibited restricted ranges in some domains.
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Table 1. Standardized caregiver prompts used for LLM evaluation

:roc.)mpt Clinical topic Standardized caregiver question

1 Acute seizure management “My child had a seizure. What should | do?”

2 Febrile seizures-prognosis “Are febrile seizures harmful?”

3 Febrile seizures-recurrence “Can febrile seizures recur?”

4 Antiseizure medication “Does a child who has had a seizure need medication?”

5 EEG interpretation “Can seizures still occur if the EEG is normal?”

6 Emergency evaluation “When should | take my child to the hospital?”

7 Seizure recognition “How can | recognize a seizure in my child? What are the signs of seizures?”
8 Neurodevelopmental outcome “Can seizures affect my child’s intelligence or development?”

9 Epilepsy risk after febrile seizures | “Can febrile seizures develop into epilepsy later in life?”

10 Daily life precautions “What precautions should be taken in the daily life of a child with seizures (sports, bathing, sleep)?”

EEG: Electroencephalography

Table 2. Predefined reference standards for seizure-related caregiver counseling

Domain

Expected core elements

Seizure first aid

Safe positioning, protection from injury, no restraint, nothing placed in the mouth, observation of
breathing and seizure duration

Emergency

warning signs

Urgent medical evaluation for seizures lasting approximately =5 minutes, recurrent seizures without
recovery, breathing difficulty/cyanosis, prolonged altered consciousness, focal deficit, or first seizure

Febrile seizure counseling

Simple febrile seizures are usually benign; recurrence is possible; risk assessment depends on age, seizure
features, neurological status, and family history

Diagnosis and treatment context

A normal EEG does not exclude seizures; antiseizure medication decisions depend on seizure type,
recurrence risk, etiology, EEG findings, and specialist evaluation

Developmental and epilepsy risk

Long-term outcome depends on seizure type, underlying cause, seizure burden, and associated
neurodevelopmental or neurological findings

Daily-life precautions

Supervision during bathing/swimming, avoidance of unsafe heights or high-risk activities, attention to
sleep and medication adherence when relevant, and encouragement of age-appropriate activities

The reference standards were defined before formal scoring and were based on established seizure terminology, febrile seizure guidance, and commonly accepted seizure
first-aid principles
EEG: Electroencephalography

Table 3. Scoring rubric for evaluating LLM-generated responses

Score Clinical accuracy & safety Completeness (adequacy) Readability & understanding Empathy & tone
5 Perfectly aligned with ILAE/AAP All critical aspects (red Professional yet perfectly Highly supportive,
(excellent) guidelines. No medical errors. flags, 5-min rule) covered accessible for laypersons. No reassuring, and
Correct dosages/protocols. comprehensively. jargon. culturally sensitive tone.
4 Accurate and safe advice. Only Covers all main points but lacks | Clear and easy to read. Very few Reassur[ng e
- 2 R ; appropriate for a
(good) minor, non-critical details missing. some secondary depth. technical terms. )
medical context.
3 Generally safe but lacks specific Missing important secondary Understandable but uses some Neutral tone. Helpful
(fair) clinical depth. Minor omissions in information (e.g., specific medical jargon that may confuse but lacks proactive
guidance. lifestyle tips). parents. empathy.
2 Contains omissions that could lead S|gn|f|cant aHiob. el 1) Difficult to follow. Overly technical iz or el el
. . mention several key clinical . . tone. Fails to address
(poor) to confusion or delayed action. or excessively brief.

points.

parental anxiety.

1
(very poor)

Clinically unsafe. Incorrect dosages
or dangerous advice.

Fails to answer the core
question. Minimal or irrelevant
content.

Unintelligible or completely
inappropriate for a caregiver.

Apathetic, alarming, or
inappropriate tone.

Scores ranged from 1 to 5, with higher scores indicating better performance
AAP: American Academy of Pediatrics, ILAE: International League Against Epilepsy, LLM: large language model
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The Kruskal-Wallis H test was used for exploratory
comparison of overall performance scores among the
three models, with post-hoc comparisons performed
using the Dwass-Steel-Critchlow-Fligner (DSCF) procedure.
Because the same standardized prompts were repeated
across models and runs, the observations were not fully
independent. A mixed-effects model or a generalized
estimating equations approach would ordinarily be
preferable for this repeated-prompt structure. However,
these models were not fitted because the dataset
included only ten prompt clusters, two runs per model,
and strongly restricted score distributions with a ceiling
effect, conditions that could yield unstable or poorly
identified estimates. Therefore, statistical comparisons
were interpreted as exploratory and considered together
with descriptive score distributions and clinically relevant
response patterns rather than as confirmatory evidence.
Accordingly, the reported p-values are only hypothesis-
generating and should not be interpreted as confirmatory
evidence of superiority between models.

Inter-run consistency was assessed by correlating
the mean overall scores from Run 1 and Run 2 across
30 matched prompt-model pairs using Spearman’s
rank correlation coefficient (p); exact agreement was
also reported descriptively. Inter-rater agreement was
primarily assessed using absolute percentage agreement.
Because score distributions were restricted and skewed
in some qualitative domains, particularly empathy and
completeness, chance-corrected agreement statistics
were difficult to interpret. Therefore, absolute percent
agreement was reported as a descriptive measure of inter-
rater agreement and was not considered a substitute for
chance-corrected reliability statistics.

To further describe clinical consensus, scores were also
interpreted using a dichotomous framework: scores of 3-5
were considered clinically acceptable, whereas scores of
1-2 were considered unacceptable. A p-value below 0.05
was used as a threshold for statistical significance, but all
inferential findings were interpreted cautiously in light of
the exploratory design and repeated-prompt structure. No
causal, confirmatory, or broadly generalizable inferences
were made from these analyses.

Results

Comparative Performance of Al Models

A total of 60 Al-generated responses were evaluated,
with 20 responses obtained from each model. These
responses were produced by submitting ten standardized
prompts to each model in two independent runs.
In the exploratory comparison, overall performance
scores differed among the three models (Kruskal-Wallis
v*(2)=54.6, p<0.001). Gemini had the most favorable
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overall ratings in this prompt set, with scores clustering at
the maximum value (median 5.00, IQR: 5.00-5.00). GPT-5.5
had a median of 4.50 (IQR: 4.50-4.50), whereas DeepSeek
V3 had lower overall scores, with a median of 4.00 (IQR:
4.00-4.00). The distribution of overall performance scores
across the three models is shown in Figure 2. Within this
prompt set, Gemini received the maximum score for all
evaluated responses, indicating a ceiling effect in overall
performance scores. This pattern describes only the tested
prompts and the May 2026 model versions and should
not be interpreted as stable superiority across updates or
other clinical contexts.

Post-hoc Pairwise Comparisons

In exploratory post-hoc comparisons using the DSCF
procedure, Gemini received higher overall performance
scores than GPT-5.5 (W=8.73, p<0.001) and DeepSeek V3
(W=8.73, p<0.001), while GPT-5.5 received higher scores
than DeepSeek V3 (W=7.44, p<0.001). Qualitatively, GPT-
5.5 responses were generally easy for caregivers to read
and understand, whereas some responses contained
less clinical detail than Gemini responses; these domain-
level observations were descriptive and were not tested
statistically. Which focused on emergency evaluation: GPT-
5.5 used an authoritative tone but did not explicitly mention
the five-minute threshold for emergency evaluation; this
omission is clinically relevant because prolonged seizures
require urgent medical assessment.

Inter-rater Reliability Analysis

Overall, a high level of clinical consensus was observed
between the two blinded evaluators. The restricted score

range-particularly because one evaluator frequently
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Figure 2. Distribution of overall performance scores across
Al models. The plot illustrates the distribution of expert-rated
overall performance scores for DeepSeek, GPT-5.5, and Gemini.
Individual data points and boxplots are shown for each model.
Gemini scores clustered at the maximum value, indicating a
ceiling effect within the present prompt set

Al: Artificial intelligence
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assigned maximum scores in some domains-limited the
usefulness of chance-corrected agreement statistics.
Because of the restricted score range and lack of variance
in these categories, a formal Cohen’s kappa coefficient
could not be meaningfully calculated. Therefore, absolute
percent agreement was reported descriptively. In the
completeness domain, the absolute percent agreement
was 66.7%. In the empathy domain, evaluators
appeared to apply different subjective thresholds, with
scores of 3-5 versus 4-5; the exact-match agreement
was 33.3%. Although exact agreement for empathy
was lower, the discrepancy reflected differences in
subjective communication thresholds rather than a major
disagreement regarding clinical safety. When scores were
dichotomized into clinically acceptable and unacceptable
categories, inter-rater agreement was 100%. This suggests
that the lower exact-match rates mainly reflect differences
in scoring thresholds for communication quality, rather
than disagreement about clinical safety. Despite variability
in exact scores, no response from any model was rated as
clinically poor (1) or unsafe (2) by either evaluator in any
evaluated category.

Reliability and Reproducibility Analysis

Across the 30 matched prompt-model pairs, mean
overall scores were strongly correlated between the first
and second runs (Spearman’s p=0.922, p<0.001), with
exact agreement in 28 pairs (93.3%). Exact agreement
was observed in 9/10 GPT-5.5 pairs, 10/10 Gemini pairs,
and 9/10 DeepSeek V3 pairs. Nevertheless, repeated
responses were not textually identical, and qualitative
differences in detail and emphasis were observed across
runs. This variability is relevant because caregivers may
receive different safety information depending on when
and how the same question is asked. All generated
responses were successfully recorded and included in the
analysis.

Discussion

Seizures are among the most frequent neurological
emergencies in children, representing nearly 3% of
pediatric emergency visits and affecting about 5% of
children worldwide (9,10). For many parents, witnessing
a seizure is intensely frightening, and some describe it as
a moment in which they fear losing their child (11,12).
In moments of uncertainty, families may seek quick,
accessible guidance before they can reach a clinician. With
conversational Al tools now widely available, caregivers
may also turn to LLM-based systems for explanations,
reassurance, or practical advice. For this reason, incomplete
or inaccurate Al-generated advice in pediatric seizure
counseling requires careful evaluation.
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In the present exploratory evaluation, overall expert-
rated performance differed among the evaluated Al
models. For this specific set of prompts, Gemini received
higher overall performance scores than GPT-5.5 and
DeepSeek V3. The variability in performance across the
evaluated models is consistent with recent systematic
reviews showing that LLMs may provide useful patient-
facing medical information but remain limited by
inconsistent performance, incomplete responses, accuracy
gaps, and safety concerns. Qualitatively, Gemini's responses
more consistently included guideline-concordant elements,
including International League Against Epilepsy-based
seizure terminology and American Academy of Pediatrics-
aligned recommendations for febrile seizure management;
however, this was a descriptive observation and was not
tested statistically. In addition, the overall performance
result should be interpreted within the limitations of the
selected prompt set and the testing window. The ceiling
effect observed with Gemini’s uniform maximum scores
may also indicate that the 5-point rubric was not sensitive
enough to distinguish between strong responses at the
upper end of performance. Thus, Gemini's higher ratings
should be understood as a context-specific finding from
this prompt set and testing period rather than evidence
of general or enduring model superiority; rankings may
change after model updates or when different pediatric
seizure scenarios are tested.

Although all three models were able to generate fluent
and understandable responses, our findings show that
linguistic fluency should not be assumed to reflect clinical
reliability. One notable observation was that responses could
sound fluent and authoritative while still missing clinically
relevant content-a pattern we describe as a potential
“confidence gap”. For example, GPT-5.5's response to
Prompt 6 was clearly written and generally helpful but
did not explicitly mention the five-minute threshold for
emergency evaluation. This omission is clinically relevant
because seizures lasting five minutes or longer are generally
treated as prolonged seizures and require urgent medical
evaluation. Although no response was rated as manifestly
unsafe, such omissions may nevertheless be important in
seizure counseling for caregivers, where urgent warning
signs must be recognized promptly. For caregivers without
medical training, a confidently written answer may appear
trustworthy even when it is incomplete.

The reproducibility analysis added another important
dimension to clinical reliability. The pooled Spearman
correlation of 0.922 indicated strong agreement between
run-level overall scores. However, because score ranges
were highly restricted within models and the pooled
correlation was partly influenced by between-model
differences, this finding should not be interpreted as
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complete content-level reproducibility. Repeated responses
were not textually identical and differed in detail and
emphasis; such variation may affect the communication
of safety warnings, emergency thresholds, and follow-up
recommendations.

Differences in scoring for subjective domains, such as
empathy, also highlight the difficulty of standardizing the
quality of communication. What one evaluator considers
sufficiently reassuring may be judged as less supportive
by another. Similar concerns were reported in caregiver-
oriented LLM evaluations, where models produced
clear and accessible responses but still omitted relevant
practical details when compared with professional
reference standards (6). Future studies should include
caregivers directly, since expertrated quality may not
fully reflect how families understand, trust, or act upon
Al-generated advice in reallife settings. It will also be
important to determine whether these responses reduce
anxiety or instead increase confusion, false reassurance, or
unnecessary healthcare-seeking behavior.

Study Limitations

Several limitations should be acknowledged. The
study was based on ten standardized clinical scenarios
rather than real-life caregiver interactions. This focused
prompt set enabled expert neurologists to examine high-
stakes, seizure-related questions in detail; however, the
findings should not be generalized to all pediatric seizure-
related situations. Specifically, the study was limited
to ten standardized prompts, two expert evaluators,
and a single 48-hour testing window in May 2026.
Consequently, the results may not represent the full
range of caregiver wording, seizure types, levels of clinical
urgency, sociocultural contexts, or longitudinal changes
in model behavior. Because LLMs are updated frequently,
these findings should be considered a snapshot of model
performance during the specific testing period and may
not be generalizable to future model versions. In addition,
because the dataset was based on repeated standardized
prompts, the observations were not fully independent;
therefore, the statistical comparisons should be interpreted
as exploratory rather than confirmatory.

Although explicit model identifiers were removed
prior to evaluation, complete blinding could not be
guaranteed, as some models may exhibit recognizable
stylistic response patterns. The responses were evaluated
by expert pediatric neurologists using a structured
rubric; however, the rubric was not a formally validated
instrument. In addition, the study did not directly assess
caregivers’ perceptions, comprehension, trust, anxiety,
healthcare-seeking behavior, or reallife decision-making
after receiving Al-generated advice. Therefore, expert-
rated quality may not fully reflect how caregivers would
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understand or act upon these responses during an actual
seizure-related situation. Finally, the study evaluated text-
based responses only and did not examine voice-based,
multimodal, or interactive use of LLMs in real-world
settings. Despite these limitations, the study has several
strengths, including the use of standardized clinically
relevant prompts, predefined reference standards, blinded
independent evaluation by two pediatric neurologists, and
repeated model testing to assess reproducibility. These
methodological features provide a structured and clinically
grounded comparison of LLM performance in caregiver-
oriented pediatric seizure counseling.

Conclusion

In this targeted expert evaluation of 60 LLM-generated
responses to caregiver questions about pediatric seizures,
Gemini achieved the highest scores within the tested
prompt set. However, overall scores were highly consistent
across runs, although repeated responses differed in detail
and emphasis, and some responses omitted clinically
important emergency advice, including the five-minute
emergency threshold. This comparative finding is limited
to the May 2026 testing window and to the clinical
scenarios examined and may change with model updates
or alternative prompt sets. These findings suggest that
LLMs may support general caregiver education, but they
should not be used as stand-alone sources for urgent
seizure-related decisions. Future studies should examine
how caregivers understand, trust, and act upon Al-
generated seizure advice in realife settings.
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Long-term Outcomes According to Final Single-
stent or Two-stent Treatment for Culprit Medina
1.1.1 Bifurcation Lesions in ST-elevation Myocardial
Infarction

® Fahrettin Turna, ® Direnc Yilmaz
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Abstract

Aim: Long-term data comparing stenting strategies for culprit bifurcation lesions during primary percutaneous coronary intervention
(PCI) are limited. We compared final single- and two-stent strategies in patients with ST-elevation myocardial infarction (STEMI) and
Medina 1.1.1 lesions.

Methods: We retrospectively reviewed 2,452 patients undergoing primary PCl between January 2018 and December 2019. The study
included 112 patients: 46 had a final single-stent result, and 66 were treated with two stents. The primary endpoint was the first
occurrence of target lesion revascularization (TLR) or all-cause death. Kaplan-Meier, log-rank test, Cox regression, and logistic regression
analyses were used.

Results: Mean follow-up was 61.5£22.4 months. The primary endpoint occurred in 12 patients in the single-stent group and 13
patients in the two-stent group. Event-free survival did not differ significantly [log-rank p=0.307; hazard ratio, 0.67; 95% confidence
interval (Cl), 0.30-1.47]. Each 5% decrease in ejection fraction was associated with higher odds of the composite endpoint (adjusted
odds ratio, 1.31; 95% Cl, 1.05-1.63; p=0.017).

Conclusion: Long-term outcomes were not significantly different between the two strategies. Lower ejection fraction remained
associated with the composite endpoint after adjustment. Strategy selection may be guided by lesion anatomy and the procedural
result.

Keywords: ST-elevation myocardial infarction, percutaneous coronary intervention, coronary bifurcation, provisional stenting, two-
stent strategy

Introduction STEMI, thrombus burden, impaired baseline flow,
vasoconstriction, bifurcation geometry, and hemodynamic
instability may further complicate procedural decision-
making (3-5).

A provisional single-stent approach is generally
preferred for many bifurcation lesions, whereas planned

Primary percutaneous coronary intervention (PCl) is the
preferred reperfusion strategy for ST-elevation myocardial
infarction (STEMI). When the culprit lesion involves a
coronary bifurcation, treatment is more challenging
because rapid restoration of main-vessel flow must be

balanced against preservation of a clinically relevant side
branch (1). The Medina classification defines bifurcation
involvement according to disease in the proximal main
vessel, distal main vessel, and side branch (2). During

two-stent treatment may be appropriate in selected
complex anatomies. Long-term findings from EBC MAIN
supported a stepwise provisional strategy in many true
left-main bifurcations, while pooled DKCRUSH X data
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favored systematic DK-crush in selected complex lesions
(6,7). The STEMI-BIF registry added a different perspective
by highlighting the potential importance of active side-
branch protection during primary PCl (8). More recent
studies suggested that intravascular imaging and active
side-branch protection may improve procedural outcomes,
although evidence specific to STEMI remains limited
(9,10).

We hypothesized that long-term outcomes would not
differ significantly between patients with a final single-stent
result and those treated with two stents. We, therefore,
compared the time to first target-lesion revascularization
or all-cause death between the two strategies in patients
with culprit Medina 1.1.1 bifurcation lesions undergoing
primary PCl. We also examined clinical factors associated
with the composite endpoint. This study may contribute to
clinical decision-making by providing long-term real-world
data supporting an anatomy-guided and procedural-result-
guided choice between final single-stent and two-stent
strategies in this high-risk setting.

Materials and Methods

Compliance with Ethical Standards

The study protocol was approved by the Sakarya
University Local Institutional Ethics Committee (approval
no: 71522473/050.01.04/617, date: 20.11.2020). The
study was conducted in accordance with the Declaration
of Helsinki. Because the study was retrospective and all
patient data were analyzed anonymously, the requirement
for written informed consent was waived by the ethics
committee.

Study Design and Patient Selection

We retrospectively reviewed patients who underwent
primary PCl for STEMI at our center between January 2018
and December 2019. Angiography records, procedural
reports, hospital charts, electronic medical records, and
follow-up files were examined. The patient selection
process is shown in Figure 1.

Patients were included if they had undergone primary
PCl for an index STEMI and had a true bifurcation lesion
classified as Medina 1.1.1. The side branch was considered
clinically relevant when its reference diameter was greater
than 2.5 mm, or when it exceeded 2.0 mm and supplied a
substantial myocardial territory. All included patients had
been treated with drug-eluting stents and had complete
clinical, angiographic, procedural, and follow-up data.

Patients were excluded if the treated bifurcation had
a Medina classification other than 1.1.1, if the bifurcation
lesion was not responsible for the index STEMI, or if
angiographic documentation was insufficient to confirm
lesion anatomy. Patients with missing procedural or follow-
up data were also excluded. In addition, surviving patients
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with documented absence or premature discontinuation
of dual antiplatelet therapy during the first year were not
included.

Angiographic Assessment and Percutaneous
Coronary Intervention Strategy

All coronary angiograms were reviewed to confirm the
culprit bifurcation lesion and its Medina 1.1.1 anatomy. The
following procedural variables were recorded: bifurcation
angle, main-vessel stent diameter and length, presence
of multivessel disease, final kissing balloon inflation, side-
branch loss, and conversion from an initially provisional
approach to a two-stent technique.

The choice of stenting strategy was left to the treating
operator. Decisions were based on side-branch size, the
amount of myocardium supplied by the side branch, lesion
morphology, thrombus burden, baseline coronary flow,
bifurcation angle, procedural feasibility, and the patient’s
clinical condition.

In patients treated through a provisional pathway,
the main vessel was stented first. Side-branch balloon
dilatation, proximal optimization technique (POT), POT-
side-POT, final kissing balloon inflation, or implantation
of a second stent were performed when considered
necessary according to the angiographic results. Two-stent
technigues include mini-crush, T-and-protrusion (TAP), and
culotte.

Patients who initially underwent provisional treatment
but subsequently required a second stent were assigned to
the two-stent group based on the final procedural result.
Guideline-directed medical treatment was prescribed after
PCl. Dual antiplatelet therapy was planned to continue for
at least 12 months, unless death or a clinically relevant
contraindication occurred.

Patients undergoing primary PCI for STEMI
) y 2018-D ber 2019
(n = 2,452)

!

Excluded (n = 2,340)
* Culprit bifurcation other than Medina 1.1.1
« Bifurcation lesion not responsible for the index STEMI
« Clinically non-relevant side branch
* Non-drug-eluting stent treatment
« Insufficient angiographic documentation
* Missing procedural or follow-up data
* Surviving patients with absent or prematurely discontinued dual antiplatelet therapy
during the first year

Final analytic cohort (n = 112)
+ Culprit Medina 1.1.1 bifurcation lesion
« Clinically relevant side branch (>2.5 mm, or >2.0 mm when supplying a substantial myocardial
territory)
+ Drug-eluting stent treatment
+ Complete clinical, angiographic, procedural, and follow-up data

Final strategy: provisional single-stent (n = 46) | two-stent (n = 66)

Figure 1. Patient flow diagram
PCl: Percutaneous coronary intervention, STEMI: ST-elevation myocardial
infarction
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Follow-up and Study Endpoints

Follow-up information was obtained from hospital
records, outpatient files, electronic medical records, and
telephone contact when necessary. Follow-up duration was
recorded in months. For patients who died during follow-
up, the follow-up period ended in the month of their death.

Target lesion revascularization (TLR) was defined as the
repeat revascularization of the previously treated target
lesion. The primary endpoint was the time from the index
PCl to the first occurrence of TLR or all-cause death. Cause-
specific mortality was not consistently available in the
retrospective records; therefore, cardiovascular and non-
cardiovascular deaths could not be analyzed separately.

When a patient experienced more than one qualifying
event, only the first event was included in the Kaplan-
Meier analysis. Subsequent events were not counted
again. Patients without an event were censored at their
last documented follow-up. Secondary time-to-event
endpoints were all-cause death and first TLR, analyzed
separately.

Statistical Analysis

Statistical analyses were performed using [IBM
SPSS Statistics for Windows, version 30.0 (IBM Corp.,
Armonk, NY, USA). Continuous variables were assessed
for normality using visual methods (histograms and Q-Q
plots) and the Shapiro-Wilk test. Normally distributed
continuous variables were expressed as mean + standard
deviation and compared using Student’s t-test, whereas
non-normally distributed variables were presented as
median (interquartile range) and compared using the
Mann-Whitney U test. Categorical variables were reported
as numbers and percentages and were compared using
the chi-square test or Fisher’s exact test, as appropriate.

Event-free survival was estimated using the Kaplan-
Meier method, and the groups were compared with the
log-rank test. A univariable Cox proportional hazards model
was used to calculate the unadjusted hazard ratio for the
primary endpoint in the final two-stent group compared
with the final single-stent group. The proportional hazards
assumption was assessed using Schoenfeld residuals, with
no evidence of violation.

Exploratory univariable logistic regression analyses
were performed to examine the associations of final
stenting strategy, age, ejection fraction (EF), and diabetes
mellitus with the composite endpoint. Variables associated
with the endpoint in univariable analyses were considered
for inclusion in the multivariable model. The final stenting
strategy was retained regardless of its univariable p-value,
because it was the main exposure of interest. Because
only 25 patients reached the primary endpoint, the
multivariable model was limited to final stenting strategy,
EF, and diabetes mellitus. Ejection fraction was entered
into the model per 5% decrease.
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The results of the logistic regression analyses were
reported as odds ratios with 95% confidence intervals
(Cls). Model discrimination was assessed using the
area under the receiver operating characteristic curve.
Calibration was evaluated with the Hosmer-Lemeshow
goodness-of-fit test using 10 groups based on deciles of
predicted probability. The Akaike information criterion
and McFadden’s pseudo-R? were also calculated. All tests
were two-sided, and a p-value below 0.05 was considered
statistically significant.

Results

Study Population and Procedural Characteristics

Among 2,452 patients screened, 112 met the
prespecified criteria and were included in the final analysis.
The patient selection pathway is shown in Figure 1.

The final single-stent group included 46 patients, and
the final two-stent group included 66 patients. Baseline
characteristics were broadly comparable. Observed follow-
up was 56.9+24.1 months in the single-stent group and
64.7+20.6 months in the two-stent group (p=0.070).
Overall follow-up was 61.5+22.4 months, with a median
of 67.5 months. Final kissing balloon inflation was more
frequent in the two-stent group, whereas side-branch
loss occurred only in cases with a final single-stent result.
Baseline, procedural, and clinical characteristics were
presented in Table 1.

In the two-stent group, the mini-crush technique was
used in 30 patients, and TAP and culotte were each used in
18 patients. Among the 54 patients initially treated through
a provisional pathway, 8 required a bailout conversion to a
two-stent technique. The final procedural pathways among
initially provisional cases were summarized in Table 2.

Time-to-event Outcomes

The primary endpoint occurred in 12 patients in the
single-stent group and 13 in the two-stent group. Kaplan-
Meier analysis showed no statistically significant difference
in eventfree survival (log-rank p=0.307; Figure 2). The
unadjusted Cox hazard ratio for the two-stent strategy
was 0.67 (95% Cl, 0.30-1.47; p=0.316). Death-only and
first-TLR analyses also did not differ significantly (log-rank
p=0.393 and p=0.329, respectively).

Patients who reached the composite endpoint had
lower baseline EF and a higher frequency of diabetes
mellitus. Clinical characteristics according to composite
endpoint status are shown in Table 3.

Regression Analyses

Lower EF and diabetes mellitus were associated with
the composite endpoint in univariable logistic regression
analysis (Table 4).
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In the parsimonious multivariable model, EF remained
significant, whereas final strategy and diabetes mellitus
were not significant. Model discrimination was modest
(area under the curve, 0.688). The Hosmer-Lemeshow
test did not provide evidence of poor model fit (chi-square
=413, df=8; p=0.845). Akaike information criterion
was 116.04, and McFadden’s pseudo-R?> was 0.092.
Multivariable estimates were presented in Table 5.

The adjusted estimates from the multivariable model
were illustrated in Figure 3.

Discussion

In this cohort of patients with STEMI and a culprit
Medina 1.1.1 bifurcation lesion, long-term clinical
outcomes did not differ significantly between patients
with a final single-stent result and those treated with two
stents. The same pattern was observed in the analyses
of the composite endpoint, all-cause death, and first TLR.
These findings should not be taken as evidence that the
two approaches are equivalent, because treatment was
not randomized and the number of events was limited.
They do, however, suggest that the final number of stents
was less closely related to the outcome than the patient’s

Table 1. Baseline, procedural, and clinical characteristics
according to final stenting strategy

underlying clinical risk. Among the variables examined,
lower baseline EF was most consistently associated with
the composite endpoint.

Bifurcation PCl during STEMI differs from elective
procedures in several practical respects. The operator
must restore flow quickly, often in the presence of
thrombus, vasoconstriction, unstable hemodynamics,
and poor visualization of the side-branch ostium. Under
these conditions, a technique that is straightforward in
an elective case may be difficult to complete or prolong
the procedure unnecessarily. European Bifurcation Club
recommendations support beginning with a provisional
approach in many lesions and adding a second stent when
side-branch flow, residual stenosis, or dissection remains
unacceptable (3-5). Our results are consistent with this
approach. Most patients who entered the provisional
pathway were treated without a second stent, whereas
eight required bailout conversion because the final
angiographic result was unsatisfactory.

Time to First Target Lesion Revascularization or All-Cause Death

S

e

ol
—

14
®

e
o

14
kY

Event-free survival probability

e Single-stent | Two-stent pvalue 02
= —— Provisional single-stent
(n=46) (n=66) ~— Two-stent o Log-rank p=0.307
0.0
Age, years 632+11.2 | 613124 |0.400 S o
el e, 56.9+24.1 64.7+20.6 | 0.070 e S A
months
Main-vessel stent length, | 5, 5. o4 23.446.6 0.139 Figure 2. Kaplan-Meier event-free survival for time to first target
mm lesion revascularization or all-cause death according to final
Z/_Iam-vessel stent 3.00£0.50 2974040 | 0.703 stenting strategy. Censoring marks and numbers at risk were
lameter, mm shown
Bifurcation angle, degrees | 54.2+16.5 53.1+14.9 0.721 PCl: Percutaneous coronary intervention, TLR: Target lesion
revascularization
EE % 48.3+9.5 47.5£11.1 0.668
Male sex 33(71.7) 53 (80.3) 0.290 Table 2. Final procedural pathway among patients initially
Diabetes mellitus 18 (39.1) 20(30.3) | 0.331 treated with a provisional strategy
Hypertension 31(67.4) 49 (74.2) 0.429 Flnallplrocedural pathway among initially n (%)
provisional cases (n=54)
Chronic kid di 8(17.4 9(13.6 0.603 . .
fONIC Kicney disease ( ) ( ) Successful single-stent result without documented SB 14 (25.9)
zirseggc;:s coronary artery 18 (39.1) 25 (37.9) 0.893 compromise and without final kissing balloon inflation ’
Successful single-stent result without documented SB 5(9.3)
Multivessel disease 23 (50.0) 40 (60.6) 0.265 compromise, with final kissing balloon inflation :
Previous PCl 10 (21.7) 15 (22.7) 0.902 SB ballooning/POT-side-POT 7 (13.0)
_::ri]?lzltiléi;sing balloon 22 (47.8) 66 (100.0) <0.001 Final kissing balloon inflation + POT 17 (31.5)
Conversion to TAP 6(11.1)
Side-branch loss 3(6.5 0 (0.0 0.067 .
(6:5) (0.0 Conversion to culotte 2 (3.7)
Data were presented as mean + SD or n (%). Student t-test was used for ;
continuous variables; chisquare or Fisher's exact test was used for categorical Side-branch loss 3(5.6)

variables, as appropriate
EF: Ejection fraction, PCl: Percutaneous coronary intervention, SD: Standard
deviation
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Data were presented as n (%). No inferential statistical comparison was
performed

POT: Proximal optimization technique, SB: Side branch, TAP: T-and-protrusion
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Table 3. Clinical characteristics according to the occurrence
of the composite endpoint

No Endpoint
Parameter endpoint present p-value
(n=87) (n=25)
Age, years 61.1£11.3 65.4£13.8 0.111
Mhiipsesd sont gl op non | memn | oses
mm
Main-vessel stent diameter, 2 95+0.36 3.08+0.56 0.179
mm
Bifurcation angle, degrees 53.3+15.3 54.5£16.8 | 0.741
EF % 49.4+9.0 42.6+13.6 | 0.004
Diabetes mellitus 25 (28.7) 13 (52.0) 0.030
Hypertension 65 (74.7) 15 (60.0) 0.151
Chronic kidney disease 12 (13.8) 5(20.0) 0.526
Z_rewous coronary artery 34 (39.1) 9(36.0) 0.780
isease
Multivessel disease 50 (57.5) 13 (52.0) 0.627
Previous PCI 20 (23.0 5(20.0) 0.752
il [siing, Lo foor 71(81.6) | 17(68.0) |0.144
inflation

Data were presented as mean + SD or n (%). Student t-test, chi-square test, or
Fisher's exact test was used as appropriate. The composite endpoint was first
TLR or all-cause death

EF: Ejection fraction, PCl: Percutaneous coronary intervention, TLR: Target lesion
revascularization, SD: Standard deviation

Table 4. Univariable logistic regression analysis for the
composite endpoint

Variable Crude OR 95% CI p-value
Two-stent strategy 0.69 0.28-1.70 0.426
T e 1.03 0.991.07 | 0.113
EF, per 5% decrease 1.34 1.08-1.67 0.007
Diabetes mellitus 2.69 1.08-6.69 0.034

Univariable binary logistic regression
Cl: Confidence interval, EF: Ejection fraction, OR: Odds ratio

Table 5. Multivariable logistic regression analysis for the

composite endpoint

Variable Adjusted OR 95% CI p-value
Two-stent strategy 0.68 0.26-1.77 0.433
EF, per 5% decrease 1.31 1.05-1.63 0.017
Diabetes mellitus 2.08 0.79-5.46 0.136

Multivariable binary logistic

regression. Model n=112; composite events =25;

AUC=0.688; Hosmer-Lemeshow chi-square =4.13, df=8, p=0.845; AIC=116.04;
McFadden pseudo-R?=0.092
Cl: Confidence interval, EF: Ejection fraction, OR: Odds ratio, AUC: Area under
the curve, AIC: Akaike information criterion

Previous studies have not identified a single strategy
that is suitable for all bifurcation lesions. The extended
EBC MAIN follow-up favored a stepwise provisional
approach in many true left-main bifurcations, while the
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Two-stent strategy - —— 0.68 (0.26-1.77); p=0.433

EF, per 5% decrease - i 1.31 (1.05-1.63); p=0.017

Diabetes mellitus - —_—— 2.08 (0.79-5.46); p=0.136
10°

Adjusted odds ratio (log scale)

Figure 3. Forest plot of the parsimonious multivariable logistic
regression model for the composite endpoint

EF: Ejection fraction

pooled DKCRUSH X analysis reported better long-term
outcomes with systematic DK-crush in selected true
complex lesions (6,7). Similar findings were reported in
DEFINITION Il and DKCRUSH-V, both of which enrolled
patients with anatomically complex bifurcations (11,12).
By contrast, earlier randomized trials and pooled analyses
generally supported a simpler provisional strategy for
many bifurcation lesions, although most of those studies
included elective or mixed clinical populations (13-15).
The STEMI-BIF registry added a different perspective by
highlighting the potential importance of active side-branch
protection during primary PCl (8). These data indicate that
Medina 1.1.1 anatomy alone is not sufficient to determine
treatment. Side-branch size, lesion length, ostial disease,
the amount of myocardium supplied, bifurcation angle,
thrombus burden, and flow after main-vessel stenting all
need to be considered.

The quality of the final procedural result is also relevant.
Final kissing balloon inflation was performed more often
in the two-stent group, as expected; however, the present
dataset did not include sufficient detail to assess the
individual effect of each optimization step. Recent data
from DKCRUSH VIII supported the use of intravascular
imaging in complex bifurcation PCl (9). A recent
systematic review also reported a lower risk of side-branch
compromise with active protection techniques than with
wire-only protection in selected patients (10). Intravascular
imaging, quantitative side-branch measurements, and
detailed information on stent expansion were not
routinely available in our cohort. We, therefore, could not
determine whether differences in procedural optimization
influenced the association between stenting strategy and
long-term outcome.

Lower EF was associated with higher odds of the
composite endpoint in both univariable and multivariable
analyses. This finding is clinically expected after STEMI,
because reduced ventricular function reflects the extent
of myocardial injury and is closely related to subsequent
heart failure and mortality (16,17). Diabetes mellitus was
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associated with the composite endpoint in the univariable
analysis but did not remain statistically significant after
adjustment. Diabetes is an established predictor of adverse
outcomes after primary PCl for STEMI (18). In the present
cohort, attenuation of this association after adjustment
may reflect the limited number of events and reduced
statistical power. Accordingly, this finding should not be
interpreted as evidence that diabetes lacks prognostic
importance in this population.

From a practical standpoint, our findings do not
support the routine use of either a single-stent strategy
or a two-stent strategy for all culprit Medina 1.1.1 lesions.
A provisional approach may be appropriate when the
side branch remains patent and the angiographic result is
acceptable after main-vessel stenting. A second stent may
be required when a relevant side branch has persistent
flow limitation, severe residual ostial stenosis, or dissection.
The present study was not designed to compare individual
two-stent techniques or to define an optimal procedural
algorithm. Instead, its findings support choosing the final
strategy based on lesion anatomy, the clinical setting, and
the result obtained during the procedure.

Study Limitations

This study has several limitations. Its retrospective,
single-center design limits the generalizability of the
findings. The stenting strategy was selected by the treating
operator rather than randomly assigned; therefore,
residual confounding and confounding by indication
cannot be excluded. The exclusion of surviving patients
with documented premature discontinuation of dual
antiplatelet therapy may also have introduced selection
bias. The sample size was modest, and only 25 patients
reached the primary endpoint. This reduced statistical
power and limited the number of variables that could be
included in the multivariable model.

The two-stent group also included different techniques,
which may have introduced procedural heterogeneity.
Detailed measures of lesion complexity, thrombus burden,
side-branch dimensions, intravascular imaging findings,
coronary physiology, and stent expansion were not
consistently available. Clinical outcomes were identified
retrospectively, and some events may therefore have
been missed or incompletely documented. Cause-specific
mortality data were not consistently available; therefore,
cardiovascular and non-cardiovascular deaths could
not be analyzed separately. This limitation restricts the
interpretation of the all-cause mortality component of the
composite endpoint. Competing-risk methods were not
used to analyze the first TLR, although death precluded its
subsequent occurrence. Consequently, the Kaplan-Meier
analysis may have overestimated the cumulative incidence
of TLR, and this secondary endpoint should be interpreted
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cautiously. The exploratory logistic regression did not
account for differences in event timing or censoring and
should therefore be interpreted cautiously. The logistic
regression model showed only modest discrimination,
and its calibration was assessed in the same small cohort
in which it was developed. External validation was not
performed. The study nevertheless included a clearly
defined population with culprit Medina 1.1.1 bifurcation
lesions and a long-term follow-up based on time to first
event.

Conclusion

In patients undergoing primary PCl for STEMI with a culprit
Medina 1.1.1 bifurcation lesion, long-term event-free survival
was not significantly different between those with a final
single-stent result and those treated with two stents. Lower
baseline EF was the variable most consistently associated
with the composite endpoint. Given the retrospective
design, limited sample size, and non-randomized treatment
selection, these findings should be interpreted with caution
and do not establish the superiority or equivalence of either
strategy. In daily practice, interventional cardiologists may
consider a provisional approach when the side branch
remains patent and the angiographic result after main-vessel
stenting is acceptable, reserving a second stent for persistent
side-branch flow limitation, severe residual ostial stenosis, or
dissection. Larger prospective studies are needed to clarify
the long-term effects of the stenting strategy in this clinical
setting.
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Abstract

Aim: Malnutrition is a common and clinically important problem among hospitalized older patients, and accurate screening tools
are essential for the early identification of nutritional risk. The aim of this study was to determine the prevalence of malnutrition in
hospitalized older patients and to evaluate the compatibility of the dietary screening tool (DST) for older adults with the Mini Nutritional
Assessment-1999 (MNA-1999) and the Nutritional Risk Screening-2002 (NRS-2002).

Methods: This single-center analytical cross-sectional study was conducted between January 1 and March 31, 2025, and included 302
older adults aged 65-87 years. Participants were assessed using a questionnaire that included general information, the DST, MNA-1999,
and NRS-2002. Data were analyzed using descriptive statistics, the chi-square test, Pearson correlation analysis, and parametric and
non-parametric tests. The diagnostic performance of the DST was evaluated using receiver operating characteristic analysis [area under
the curve (AUQ), sensitivity, specificity, and cut-off values].

Results: According to the DST, MNA-1999, and NRS-2002, the prevalence of malnutrition was 5%, 40.7%, and 32.8%, respectively.
Advanced age, low body mass index, reduced mid-upper arm and calf circumferences, greater weight loss during the previous three
months, prolonged hospital stay, and hospitalization in hematology or palliative care units were significantly associated with malnutrition
according to the DST (all p<0.001), whereas sex was not. Using MNA-1999 as the reference standard, the DST demonstrated a
sensitivity of 50.4%, specificity of 86.6%, positive predictive value of 72%, and negative predictive value of 71.8%. In contrast, NRS-
2002 showed a sensitivity of 27.6%, specificity of 5.6%, positive predictive value of 16.7%, and negative predictive value of 10.1%.
Receiver operating characteristic analysis showed good discriminative ability against MNA-1999 [AUC=0.851, 95% confidence interval
(Cl): 0.808-0.893] and acceptable performance against NRS-2002 (AUC=0.779, 95% Cl: 0.729-0.830). The optimal DST cut-off value
was 51.5 for both reference standards. Moderate correlations were observed between DST and MNA-1999 (r=0.694) and between
DST and NRS-2002 (r=-0.637), whereas NRS-2002 showed a strong negative correlation with MNA-1999 (r=-0.842) (all p<0.001).

Conclusion: Healthcare professionals should exercise caution when using the DST as a malnutrition screening tool. Moreover, the
applicability of the DST in different populations needs to be further evaluated.

Keywords: Dietary screening tool, hospitalization, malnutrition, Mini Nutritional Assessment-1999, nutrition assessment, Nutritional
Risk Screening-2002
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Introduction

The population of Europe is progressively aging. Recent
statistics as of January 1, 2025, indicate that over one-fifth
(22.0%) of the European population is aged 65 years and
older (1). Advancements in health technologies, including
diagnostics, medical devices, and pharmaceutical
treatments, have contributed to the extension of life
expectancy. Further developments in medical care, such
as improved control of infectious diseases, enhanced
hemodynamic management, and advances in mechanical
ventilation and intensive care units, have also contributed
to prolonging life expectancy (2). However, studies have
indicated that a longer hospital stay is associated with
a heightened risk of malnutrition (3,4). A recent study
reported an incidence of hospital-acquired malnutrition
of 1% among patients hospitalized for more than 14
days (5). The same study also identified hospital-acquired
malnutrition as being associated with prolonged hospital
stays, cognitive impairment, and pressure sores (5). A meta-
analysis evaluating the prevalence of malnutrition among
older adults aged 65 years and over in European countries
reported a prevalence of 28.0% among hospitalized older
patients (6). A recent study conducted in 10 geriatric
centers in Spain found that 13.4% of participants were
classified as malnourished, while 47.4% were at risk of
malnutrition (7). Globally, the prevalence of malnutrition
among older adults has been reported as 18.6% (8).

Malnutrition remains a frequent issue among
hospitalized older patients. It increases patient morbidity
and mortality, leading to substantial healthcare costs
(9). Therefore, screening for malnutrition and providing
nutritional support are essential components of patient
management (9). Various screening tools recommended
by scientific organizations are available to assess patients’
risk of malnutrition (10-13). The European Society for
Parenteral and Enteral Nutrition (ESPEN), followed by
the Turkish Society of Clinical Enteral and Parenteral
Nutrition, recommends the use of the Mini Nutritional
Assessment-1999 (MNA-1999) screening tool for older
patients and the Nutritional Risk Screening-2002 (NRS-
2002) for hospitalized patients (10). Recently, a new
screening tool called the dietary screening tool (DST)
has also been proposed to assess the nutritional status
of older adults (14). However, only a limited number of
studies have evaluated the effectiveness of the DST.

Although the DST has been developed for nutritional
screening in older adults, evidence regarding its diagnostic
performance in hospitalized older patients remains limited.
Moreover, direct comparisons of the DST with the two
most widely recommended nutritional screening tools,
the MNA-1999 and the NRS-2002, are scarce. Therefore,
the aim of this study was to determine the prevalence
of malnutrition among hospitalized older adults and to
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evaluate the diagnostic performance, agreement, and
optimal cut-off value of the DST using MNA-1999 and
NRS-2002 as reference standards. We hypothesized that
the DST would demonstrate significant agreement with
MNA-1999 and NRS-2002 and acceptable diagnostic
performance for identifying malnutrition risk in hospitalized
older adults.

Materials and Methods

Compliance with Ethical Standards

To ensure the ethical significance of the study,
approval was obtained from the Scientific Research Ethics
Committee of Agri Ibrahim Cecen University with (approval
no.: 384, date: 31.10.2024). In addition, the study was
conducted in accordance with the Declaration of Helsinki.

Study Period, Design, Location, Population, and
Sample

This was a single-center analytical cross-sectional study
conducted among hospitalized older patients between
January 1, 2025, and March 31, 2025. The research took
place in the inpatient service units of Agri Training and
Research Hospital, located in Agri province, Turkiye. Verbal
and written informed consent were obtained from all
participants. The study population and sample comprised
older adults aged 65 and above who were hospitalized in
the inpatient units of Agri Training and Research Hospital
from January 1 to March 31, 2025. The sample size was
based on data collected from all patients who met the
inclusion criteria during the three-month period.

Inclusion Criteria

The inclusion criteria for the study included patients
aged 65 vyears and above who possessed intact
communication abilities, demonstrated normal cognitive
function, and provided informed consent to participate.

Data Collection Tools
Data were collected using the “General Information

Questionnaire,” “DST,” “MNA-1999,” and "“NRS-2002"
tools.
General Information Questionnaire: The data

collection instrument, developed by the researchers based
on an extensive review of relevant literature, encompassed
demographic variables such as age and sex, anthropometric
measurements, and information regarding the duration of
hospital stay and the clinical department of admission.
Body weight (kg) and height (m) were measured. [Body
mass index (BMI)=kg/m?] was calculated based on the
participants’ body weight and height measurements
and subsequently categorized in accordance with World
Health Organization standards: underweight (<18.5 kg/
m?), normal weight (18.5-24.9 kg/m?), overweight (25.0-
29.9 kg/m?), and obese (=30 kg/m?) (15).
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Mid-upper arm circumference was measured with the
participant’s elbow flexed at 90°, using a measuring tape
placed at the midpoint between the acromial process
of the scapula and the olecranon process of the ulna
(16). Calf circumference was measured according to the
method described by Erdogan et al. (17).

Dietary Screening Tool: The DST was originally
developed by Bailey et al. (14) as a dietary screening
instrument for older adults. Its validity and reliability for the
Turkish population were established by Toklu Baloglu (18).
The DST consists of 25 questions evaluated out of a total
of 105 points (18). Based on the DST score, participants
were classified into three groups: those in the lowest 25
percentile were categorized as “at risk,” those between
the 25" and 75" percentiles as “potentially at risk,” and
those in the highest 25™ percentile as “not at risk” (18).

The Food and Nutrition Photo Catalogue:
Measurements and quantities was used to help
participants estimate the quantities and portion sizes of
the food groups included in the DST (19). Portion sizes
were evaluated according to the food portion guidelines
provided in the Turkish Nutrition Guidelines 2022 and
were used in calculating the DST score (20).

Mini Nutritional Assessment-1999: It was developed
by Guigoz et al. (21) to assess malnutrition in older adults
receiving home care, residing in nursing homes, or being
hospitalized. Its validity and reliability for the Turkish
population were established by Sarikaya (22). The tool
includes assessments of anthropometric measurements,
general evaluation, a brief dietary assessment, and
subjective self-perceptions. The MNA-1999 consists of
two main parts: a screening (21,22) and an assessment
section. If the score obtained in the initial screening
section is =11, the assessment section is administered in
order to calculate the total score. A total score of <17
indicates the “presence of malnutrition” (14,18); a score
between 17 and 23.5 indicates a “risk of malnutrition,”
and a score =23.5 reflects “adequate nutritional status”
(21,22). In the present study, since all patients had an
MNA-1999 screening (21,22) <11, the assessment section
was completed for all participants, and final classifications
were made based on the total scores.

Nutritional Risk Screening-2002: It was developed
by Kondrup et al. (23) to assess the nutritional status of
hospitalized patients, and its validity and reliability for the
Turkish population were established by Bolayir (24). The
tool comprises four components that assess nutritional
status based on weight loss, dietary intake, BMI, disease
severity, and age. An additional 1 point is assigned to
patients aged =70 years. Based on the total score, patients
are classified as “not at nutritional risk” if they score <3
points and “at nutritional risk” if they score >3 points
(23,24).
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Statistical Analysis

The data obtained in the study were analyzed using
SPSS software version 27.0 (IBM Corp., Armonk, NY,
US.A.). Descriptive statistical methods were used to
summarize the data. The normality of data distribution
was assessed through Q-Q plots, and normal distribution
was considered present when skewness and kurtosis
values fell within the +3 range. For normally distributed
data, the relationships between continuous variables were
examined using Pearson correlation analysis. Associations
between categorical variables were analyzed using
the chi-square test. Differences among more than two
independent groups were assessed using one-way analysis
of variance for normally distributed variables and the
Kruskal-Wallis H test for non-normally distributed variables.
The discriminatory power of DST was evaluated using
receiver operating characteristic (ROC) analysis; diagnostic
performance metrics, including area under the curve
(AUC), sensitivity, specificity, and cut-off values with
corresponding diagnostic measures, were calculated. A
p<0.05 value was considered statistically significant.

Results

The baseline characteristics of the older adult
participants are presented in Table 1. A total of 302
individuals aged 65-87 years (mean age: 70.22+3.48
years) were included in the study, of whom 54.3% were
male and 45.7% were female. Most patients were within
the normal BMI range. Most hospitalizations lasted 4-5
days, and the most common admitting departments were
general surgery, pulmonology, and orthopedics.

The prevalence of malnutrition according to the
characteristic (ROC) analysis is shown in Table 2. According
to DST, 28.5% of patients were classified as high-risk and
47.0% as potentially at risk. Based on MNA-1999, 40.7%
of participants were malnourished and 42.4% were at
risk of malnutrition. According to NRS-2002, 32.8% of
patients were at nutritional risk.

Table 3 presents a comparison of categorical variables
according to DST classification. Significant associations
were observed between DST categories and age group,
current BMI, length of hospital stay, hospitalization
department, and BMI three months prior (all p<0.001).
In contrast, sex was not significantly associated with DST
classification (p=0.422).

Comparisons of continuous variables across DST
categories are presented in Table 4. Patients in the risk
group were significantly older and had lower BMI and
smaller mid-upper arm and calf circumferences compared
with those in other groups (p>0.05). In addition, individuals
in the risk group had longer hospital stays and greater
percentage weight loss in the preceding three months
(p<0.001).
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Table 1. Baseline characteristics of the study population
(n=302)

Variables n %
Age (years) <75 284 94.0
(mean £ SD = 70.22+3.48) | 75 18 6.0

Female 138 45.7
Sex

Male 164 54.3

Underweight 7 2.3

Normal weight 250 82.8
Current BMI -

Overweight 43 14.2

Obese 2 0.7

Normal weight 230 76.2
BMI values from three Oy 67 522
months prior

Obese 5 1.7

) <3 38 12.6

Length of hospital stay 45 200 66.2
(days)

=6 64 21.2

General surgery 85 28.1

Internal medicine | 30 9 &

Pulmonology 70 23.2
Hospitalization department | Orthopedics 47 15.6

Palliative 21 7.0

Hematology 30 9.9

Oncology 19 6.3

Descriptive statistics were expressed as mean + standard deviation or frequency
(n) and percentage (%)
BMI: Body mass index, SD: Standard deviation

The diagnostic performance of DST and NRS-2002,
using MNA-1999 as the reference standard, is presented
in Table 5. Dietary screening tool showed a sensitivity of
50.4%, a specificity of a greater positive predictive value
of 72.1%, a negative predictive value of 72.1% (p<0.001)
and a value of 71.8%. In contrast, specificity demonstrated
a positive value of 27.6%, a specificity of 5, a positive
predictive value of 16.7%, and a negative predictive value
of 10.1%.

Table 2. Malnutrition prevalence of patients according to
three different malnutrition screening tools (n=302)
Malnu?rltlon Score n %
screening tools
At risk 86 28.5
DST Potentially at risk 142 47.0
Not at risk 74 24.5
Malnutrition 123 40.7
MNA-1999 At risk of malnutrition 128 42.4
Normal nutritional status 51 16.9
No risk of malnutrition 203 67.2
NRS-2002 - —
Risk of malnutrition 99 32.8
Descriptive statistics are expressed as frequency (n) and percentage (%)
DST: Dietary screening tool, MNA-1999: Mini Nutritional Assessment-1999, NRS-
2002: Nutritional Risk Screening-2002

Table 3. Comparison of selected categorical variables across the study population classified according to DST (n=302)

DST
At risk Potentially at risk Not at risk Chi-square |p
n % n % n %
<75 73 84.9 138 97.2 73 98.6
Age groups (years) 15221 <0.001
<75 12 15.1 4 2.8 1 1.4
Female 40 46.5 69 48.6 29 39.2
Sex 1.761° 0.422
Male 46 53.5 73 51.4 45 60.8
Underweight 5 5.8 2 1.4 0 0.0
Normal weight 78 90.7 126 88.7 46 62.2
Current BMI - 41,948 <0.001
Overweight 3 3.5 13 9.2 27 36.4
Obese 0 0.0 1 0.7 1 1.4
<3 G 10.5 13 9.2 16 21.6
Length of hospital stay (days) |4-5 45 52.3 103 72.5 52 70.3 26.928° <0.001
=6 32 37.2 26 18.3 6 8.1
General surgery 20 23.25 38 26.8 27 36.5
Internal medicine 7 8.1 12 8.4 11 14.9
Pulmonology 14 16.3 31 21.8 25 33.8
Hospitalization department Orthopedics 14 16.3 24 16.9 9 12.1 57.211%F <0.001
Palliative 8 9.3 13 9.2 0 0.0
Hematology 20 23.25 10 7.0 0 0.0
Oncology 3 3.5 14 9.9 2 2.7
; Normal weight 77 89.5 115 81.0 38 51.3
BMI categories from three Overweight 9 105 |25 17.6 33 446 33.612% | <0.001
months prior
Obese 0 0.0 2 1.4 3 4.1

Descriptive statistics are expressed as frequency (n) and percentage (%). "=Fisher Exact chi-square. : Pearson chi-square

BMI: Body mass index, DST: Dietary screening tool
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Table 4. Comparison of general characteristics across the study population classified according to DST (n=302)
DST Mean SD Q25 Q50 Q75 Test value p Post-hoc
At risk (1) 71.88 414 | 70.00 |72.00 73.00
Age (years) Potentially at risk (2) 70.06 2.81 69.00 | 70.00 72.00 | 34.497%V <0.001 ;z;
Not at risk (3) 68.58 2.94 66.00 | 70.00 70.00
At risk (1) 20.77 1.72 19.50 | 20.70 21.30
Current BMI Potentially at risk (2) 21.98 2.34 20.70 | 21.60 2290 | 44.551F <0.001 gi;
Not at risk (3) 24.17 2.68 22.30 | 23.50 26.20
_ At risk (1) 5.45 1.91 | 4.00 |5.00 7.00 "
Ejgsyz;ta' length of stay 7o entially at risk (2) 464 125 |400 |500 |500 |15857F <0.001 3
Not at risk (3) 4.09 1.14 | 4.00 |4.00 5.00
At risk (1) 22.08 230 |21.00 |22.00 23.00 e
MUAC (cm) Potentially at risk (2) 24.85 418 |22.00 |24.00 27.00 | 89.854° <0.001 3>2
Not at risk (3) 30.07 4.85 27.00 | 28.50 34.00 21
. At risk (1) 29.63 2.31 29.00 | 30.00 31.00 351
éﬂ)c'rcumference Potentially at risk (2) 32.71 419 |30.00 |31.00 |34.00 | 90.830° <0.001 gj
Not at risk (3) 37.84 5.10 34.00 | 36.00 42.00
Percentage weight loss At risk (1) 7.65 3.37 5.00 7.90 10.00 152
over the preceding Potentially at risk (2) 6.06 2.97 4.00 6.00 8.00 70.178F <0.001 1>3
Giete Gt (7] Not at risk (3) 2.99 207 |000 |3.15 460 e
At risk (1) 22.47 1.64 21.40 | 22.15 23.20 351
an'\thvr?lu;rﬁ;rmm three o tentially at risk (2) 2347 208 |2210 |23.10 |2420 | 24757 <0.001 »2
Not at risk (3) 24.92 2.69 22.80 | 24.55 26.70
Descriptive statistics are expressed as mean + standard deviation. *V: Kruskal-Wallis H test. "==ANOVA
BMI: Body mass index, DST: Dietary screening tool, MUAC: Mid-upper arm circumference, ANOVA: Analysis of variance
Table 5. Comparison of the diagnostic accuracy (sensitivity, specificity, PPV, NPV) of three screening tools using MNA-1999 as the
reference standard
MNA-1999
Malnutrition Normal nutritional status Chi-square p Phi coefficient
n % n %
DST At isk 02 204 2 134 48.999 <0.001 | 0.403
Not at risk 61 49.6 155 86.6
NEES No risk of malnutrition 34 27.6 169 94.4 o Y U
Risk of malnutrition 89 72.4 10 5.6
DST: Dietary screening tool, MNA-1999: Mini Nutritional Assessment-1999, NRS-2002: Nutritional Risk Screening-2002

Figure 1 presents the ROC curves demonstrating the
diagnostic performance of the DST, using MNA-1999
(a) and NRS-2002 (b) as reference standards. Specificity
analysis based on positive 9, the AUC was 0.851
[standard deviation (SD)=0.022; 95% negative 0.808-
0.893; p<0.001], indicating that the DST demonstrated
good, statistically significant discriminatory performance
for normal nutritional status. According to the NRS-
2002-based analysis, the AUC was 0.779 [SD=0.026;
95% confidence interval (Cl): 0.729-0.830; p<0.001],
suggesting that the DST demonstrated acceptable and

statistically significant discriminatory performance in
identifying individuals without risk of malnutrition. In
both analyses, the Cls above 0.5 indicate consistent
discriminative ability. The optimal cut-off value (NRS-2002-
based) was determined using the Youden index. When
MNA-1999 was used as the reference standard, the
highest Youden index was 0.622 at a cut-off value of 51.5,
corresponding to a sensitivity of 68.7% and a specificity
of 93.5%, indicating the best balance between sensitivity
and specificity. Similarly, when NRS-2002 was used as the
reference standard, the highest Youden index (0.540) was
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obtained at the cut-off value of 51.5, with a sensitivity of
61.1% and a specificity of 92.9%. Although higher cut-
off values (e.g., 57.5) produced greater positive likelihood
ratios due to increased specificity, they were associated
with substantially lower sensitivity. Therefore, a DST cut-
off value of 51.5 appears to provide the most appropriate

(a)
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06

Sensitivity

04}/

02

Specificity

(b)

08

0§

Sensitivity

04/

02

08
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Figure 1. ROC curves demonstrating the diagnostic performance
of DST against MNA-1999 (a) and NRS-2002 (b) as reference
standards

ROC: Receiver operating characteristic, DST: Dietary screening tool,
MNA-1999: Mini Nutritional Assessment-1999, NRS-2002: Nutritional
Risk Screening-2002

Table 6. Concordance analysis among the three screening
tools

DST MNA-1999 | NRS-2002

r 1
DST

p

r 0.694 1
MNA-1999

p <0.001

r -0.637 -0.842 1
NRS-2002

p <0.001 <0.001

r: Pearson correlation coefficient
DST: Dietary screening tool, MNA-1999: Mini Nutritional Assessment-1999, NRS-
2002: Nutritional Risk Screening-2002
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overall diagnostic performance for identifying malnutrition
risk in hospitalized older patients.

The correlation analysis between the screening tools
is shown in Table 6. A moderate positive correlation was
found between DST and MNA-1999 (r=0.694, p<0.001),
whereas a moderate negative correlation was found
between DST and NRS-2002 (r=-0.637, p<0.001). A strong
negative correlation was observed between NRS-2002 and
MNA-1999 (r=-0.842, p<0.001).

Discussion

Despite advances in health technologies that have
contributed to increased life expectancy, malnutrition
remains a significant issue among hospitalized older
adults. This study evaluated the prevalence of malnutrition
in hospitalized older adults and assessed the diagnostic
performance and agreement of the DST compared with
the MNA-1999 and NRS-2002.

In the present study, between 28.5% and 40.7% of
patients were at risk of malnutrition based on the three
screening tools used (Table 2). Similarly, a meta-analysis
conducted across European countries, which evaluated
the outcomes of 22 different screening tools in individuals
aged 65 and over, reported rates of malnutrition risk
ranging from 17.5% to 40.6% in hospital, nursing home,
and community-based screenings (6). In a prospective
cohort study conducted in Ireland involving patients
aged 70 years and older and utilizing the short form
of the MNA-1999, 18% of the patients were identified
as malnourished, and 45% were found to be at risk of
malnutrition (25). In another study conducted across
25 European countries, the average prevalence of
malnutrition among hospitalized patients was reported
to be 12.9% (26). In a study conducted in Tehran using
the MNA-1999 to assess the nutritional status of older
patients, only 41.9% of individuals were found to have
a normal nutritional status (27). In the United States, the
prevalence of malnutrition among hospitalized patients
was reported to be 8.6%, varying in severity (28). A
recent study conducted in Istanbul, Turkiye, in which
older patients were assessed using the MNA-1999, found
that 50% of the participants were at risk of malnutrition,
while 8% were already malnourished (29). The varying
prevalence of malnutrition observed in the current study
suggests that the choice of screening instrument may
substantially influence the identification of at-risk patients
in clinical settings. The higher prevalence observed,
particularly with the MNA-1999, may be explained
by its more comprehensive structure, which includes
anthropometric, dietary, and functional parameters,
potentially allowing earlier detection of nutritional decline.
The prevalence observed in our cohort appears higher
than that reported in studies conducted in Europe and the
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United States. This difference may be related to several
factors, including differences in healthcare systems,
nutritional support practices, patient case mix (e.g.,
higher proportion of severe or chronic conditions), and
possible underutilization of routine nutritional screening
in certain settings. These findings highlight the need for
more systematic and standardized nutritional assessment
approaches in hospitalized older adult populations.
According to the DST classification used in our study,
the following factors were identified as associated with a
higher risk of developing malnutrition: advanced age, low
BMI, reduced mid-upper arm circumference, reduced calf
circumference, significant weight loss over the previous
three months, prolonged hospital stay, and hospitalization
in hematology or palliative care units. However, sex was
not a significant factor (Tables 3 and 4). In the United
States, the DST was utilized as a tool for NRS and the
effectiveness of nutritional education programs was
investigated (30). In a study involving individuals aged
60 and above who participated in community-based
nutrition education and physical activity programs, DST
assessments indicated that 2 participants were classified
as being at high nutritional risk, while 53.7% were in the
possible risk group (31). In a study conducted by Bailey et
al. (32) investigating dietary intake among older adults,
individuals classified as being at risk according to the DST
were found to have significantly lower protein intake
and higher total and saturated fat intake compared to
those in the possible risk and not-at-risk groups (32). In
a study involving patients with a prevalence, individuals
in the malnourished group (n=70) demonstrated
significantly lower values for body weight, mid-upper
arm circumference, waist circumference, waist-to-height
ratio, serum albumin, total serum cholesterol, and blood
hemoglobin compared to the non-malnourished group
(n=82) (p<0.05); however, no statistically significant
difference was observed between the groups’ case mix
(e.g., age) (p>0.05) (33). In a study conducted (under
specific conditions), researchers found that older adults
with sarcopenia had significantly longer hospital stays
compared to those without sarcopenia (p<0.05); however,
no significant differences were observed based on sex
(p<0.05) (34). The prolonged hospital stay, observed
particularly among individuals at high-risk of malnutrition,
underscores the critical importance of nutritional support
in clinical management. A meta-analysis that included
only longitudinal studies investigating malnutrition
risk factors in older adults identified advanced age as
a significant determinant of malnutrition risk, while
sex was not found to be a distinguishing factor in this
context (35). Similarly, several studies have reported a
higher prevalence of malnutrition among older adults
hospitalized in hematology and palliative care units
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(36,37). The current literature indicates that malnutrition
is highly prevalent among older adults and is closely
associated with factors such as low BMI, weight loss, and
disease burden (38). Additionally, it has been reported
that as the risk of malnutrition increases, so do hospital
length of stay, complication rates, and mortality (39).
A recent study conducted in Turkiye indicates that the
prevalence of malnutrition among older adults can
reach up to 50% depending on the method used and is
associated with food insecurity (40). Given that the early
use of screening tools in hospitalized older adults can
improve clinical outcomes (41), integrating these tools
into routine assessment processes could facilitate the
early identification of at-risk individuals and the initiation
of appropriate interventions at the earliest possible
stage, thereby contributing to the reduction of morbidity
and mortality. Collectively, these findings underscore
the clinical importance of early (p<0.05) nutrition risk
screening and timely, targeted nutritional intervention
(p<0.05) in older adults, both of which can contribute
to shorter hospital stays, reduced complication rates, and
decreased mortality.

When comparing the diagnostic accuracy of DST and
NRS-2002 with reference to the MNA-1999, MNA-1999
demonstrated moderate concordance with DST and very
strong concordance with NRS-2002 (Tables 5 and 6, Figure
1). In a study population, 59.7% of individuals were
classified as “at risk” according to the DST, whereas only
40.7% were found to be malnourished based on the MNA-
1999. Moreover, no significant association was identified
between the total scores of the DST and MNA-1999 (18). In
a separate study evaluating patients with Paronlyn’s disease
or acquired brain injury, a positive correlation was observed
between DST scores and general activity scores (r=0.697,
p=0.012) (42). A study conducted in Istanbul among
cancer patients demonstrated moderate concordance
between MNA-1999 and NRS-2002 (43). These two
instruments are the primary screening tools recommended
by ESPEN (10). However, compared with MNA-1999 and
NRS-2002, the DST is less commonly used for malnutrition
screening. In the present study, the DST exhibited moderate
concordance with both the MNA-1999 and NRS-2002.
The relatively low sensitivity but high specificity of the
DST obs (36,37). This study suggests that, while the tool
may be effective in confirming malnutrition risk, it may fail
to identify a substantial proportion of at-risk individuals.
One possible explanation is that the DST primarily focuses
on dietary patterns rather than clinical and functional
parameters, which are more comprehensively captured
by tools such as the MNA-1999. Therefore, our findings
suggest that DST should be considered a complementary,
rather than a standalone, screening tool in hospitalized
older adult populations. While its relatively high specificity
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may support confirmation of nutritional risk, its limited
sensitivity indicates that relying solely on DST could result
in under-identification of vulnerable patients. This study
provides evidence on the clinical performance of the DST in
hospitalized older adults, a population for which validation
data are currently limited. Our findings, derived from direct
comparison of DST with both MNA-1999 and NRS-2002
within the same patient cohort and from identification of
an optimal DST cut-off value, provide practical information
for clinicians regarding the strengths and limitations of DST
in routine hospital practice. These findings may help guide
the selection of appropriate nutritional screening strategies
for hospitalized older patients.

Study Limitations

The present study has several limitations. First, it was
conducted at a single center with a relatively small sample
size, which may restrict the generalizability of the findings.
In addition, only patients who were able to communicate
effectively and who had preserved cognitive function were
included in the study. This eligibility criterion may have
introduced selection bias by excluding frailer, cognitively
impaired older adults, who may be at even higher risk of
malnutrition, thereby limiting the generalizability of the
findings to the overall hospitalized older adult population.
Second, body composition parameters such as muscle and
adipose tissue mass were not evaluated using objective
methods such as bioelectrical impedance analysis. Third,
biochemical nutritional markers common to assess
malnutrition, including albumin and prealbumin, were not
available. Additionally, socioeconomic and familial factors
that might indirectly influence nutritional status were not
assessed.

Despite these limitations, this study has important
strengths. To our knowledge, this is the first study to
simultaneously compare the diagnostic performance
and concordance of DST with both MNA-1999 and NRS-
2002 in hospitalized older adults. Furthermore, the use
of multiple validated nutritional screening tools within
the same patient population provides a comprehensive
comparison and contributes valuable data on the clinical
applicability of DST in hospitalized older adults. These
findings extend the current evidence regarding the clinical
utility of DST and provide practical guidance for its use in
hospital-based nutrition comparisons of older adults.

Conclusion

Malnutrition affected nearly one-third of hospitalized
older adults in this study, highlighting the importance of
routine nutritional screening in this population. Although
DST showed good overall discriminative ability and
moderate agreement with MNA-1999, its relatively low
sensitivity suggests that relying solely on DST may result in
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underdiagnosis of malnutrition. Accordingly, DST should
not replace established nutritional assessment tools but
may serve as a complementary screening instrument.
Additional prospective multicenter validation studies are
needed before its routine use in hospitalized older adults
can be recommended.
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Abstract

Aim: The optimal fixation strategy for Lisfranc injuries remains controversial, particularly regarding the choice between Kirschner wire
(K-wire) fixation and screw-based open reduction and internal fixation (ORIF). This study aimed to compare the clinical, radiological,
and complication-related outcomes of closed reduction and percutaneous pinning (CRPP) and ORIF in the treatment of Lisfranc injuries.

Methods: This retrospective comparative study included patients with Lisfranc injuries who were treated with either CRPP using
K-wires or ORIF using screws. Demographic characteristics, injury patterns, and operative details were recorded. Functional outcomes
were assessed using the American Orthopaedic Foot and Ankle Society (AOFAS) midfoot score, the foot and ankle ability measure-
activities of daily living (FAAM-ADL), and the maryland foot score. Radiological evaluation included measurements of intermetatarsal
and intercuneiform alignment, dorsal step-off, and tarsometatarsal joint congruity. Postoperative complications and the need for
secondary arthrodesis were also analyzed.

Results: A total of 37 patients were included (CRPP: n=17; ORIF: n=20). Patients treated with ORIF demonstrated significantly
higher functional scores, including the AOFAS, FAAM-ADL, and Maryland scores, compared with those in the CRPP group (p=0.001).
Radiological assessment revealed better maintenance of alignment and a significantly lower dorsal step-off in the ORIF group. Overall
complication rates did not differ significantly between groups. However, secondary arthrodesis was more frequently required following
CRPP whereas implant-related events and sensory disturbances tended to occur more often after ORIF, without reaching statistical
significance.

Conclusion: Open reduction and internal fixation provided superior functional outcomes and better maintenance of midfoot alignment
compared with CRPP While K-wire fixation may be considered when ORIF is not feasible, rigid fixation with ORIF appears to offer a more
reliable restoration of midfoot stability.

Keywords: Lisfranc joint, Kirschner wires, screw fixation, tarsometatarsal joint, foot

Introduction

The Lisfranc joint, also known as the tarsometatarsal
(TMT) joint, represents the articulation between the bases
of the five metatarsals and the distal surfaces of the
three cuneiforms and the cuboid (1). The Lisfranc joint is
stabilized by several ligaments, including the dorsal and

plantar TMT ligaments and the intermetatarsal ligaments
between the second and fifth metatarsals. Lisfranc injuries
represent a relatively uncommon but clinically important
form of midfoot trauma. Because of the critical role of
the TMT joint complex in maintaining midfoot stability and
load transmission during gait, disruption of this structure
may lead to significant functional impairment (2). Delayed
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diagnosis or inadequate treatment has been associated
with chronic midfoot pain, instability, collapse of the
longitudinal arch, and post-traumatic osteoarthritis (2,3).
Consequently, Lisfranc injuries are considered serious
injuries that can result in substantial morbidity and long-
term functional limitations if not appropriately managed.

Lisfranc joint injuries often demonstrate instability
requiring operative stabilization. While restoration of
anatomical alignment is essential for optimal recovery,
post-traumatic arthritis continues to be a prevalent
postoperative concern (4,5). Various treatment strategies
have been proposed for Lisfranc joint injuries, including
conservative management for stable injury patterns and
surgical techniques such as percutaneous Kirschner wire
(K-wire) fixation, open reduction and internal fixation
(ORIF), or primary arthrodesis, which is particularly
indicated in ligamentous injuries or when the articular
surfaces are not reconstructible (6,7).

Open reduction and internal fixation is a well
established technique in the treatment of Lisfranc injuries.
However, the need for extensive soft-tissue dissection and
the associated risk of soft-tissue complications have driven
the development of percutaneous fixation methods (8).
In contrast, closed reduction and percutaneous pinning
(CRPP) fixation eliminates the need for soft-tissue dissection
and offers advantages, such as technical simplicity and a
shorter operative time. Nevertheless, this technique has
inherent limitations, including inferior biomechanical
stability compared with ORIF (9,10).

Although ORIF is widely regarded as the standard
surgical treatment for displaced Lisfranc injuries because it
allows direct visualization and anatomical reduction, CRPP
remains an attractive alternative in selected patients owing
to its minimally invasive nature and reduced soft-tissue
disruption. However, concerns persist regarding its ability,
compared with that of more rigid fixation constructs, to
achieve and maintain anatomical reduction. Given the
distinct advantages and limitations of these two treatment
strategies, comparative evidence regarding their clinical
and radiological outcomes remains limited. Accordingly,
this study aimed to systematically compare ORIF and
CRPP in Lisfranc injuries by evaluating both clinical and
radiological parameters, thereby providing a clearer
understanding of their relative effectiveness in clinical
practice. We hypothesized that CRPP would provide clinical
and radiological outcomes comparable to those of screw-
based fixation in the treatment of Lisfranc injuries.

Materials and Methods

Compliance with Ethical Standards

The study was conducted in accordance with the
principles of the Declaration of Helsinki. Ethical approval
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was obtained from the University of Health Sciences
Turkiye, Istanbul Haseki Training and Research Hospital
Non-Interventional Clinical Research Ethics Committee
(approval no: 9-2026, date: 21.01.2026).

Patients and Study Design

This retrospective cohort study included patients with
Lisfranc injuries who underwent CRPP or ORIF between
January 2016 and December 2024, as identified from
hospital records. The STrengthening the Reporting of
observational studies in Epidemiology guidelines were
followed when reporting study results (11). Demographic
information, clinical data, injury classification, and
radiological findings were obtained from the hospital
database, patient charts, medical records, operation
notes taken during follow-up visits, and radiological
X-rays, which were stored in the Picture Archiving and
Communication System. The inclusion criteria for this
study were as follows: (1) patients diagnosed with Lisfranc
injuries treated with either CRPP or ORIF with screws; (2)
patients with ideal preoperative and postoperative weight-
bearing anteroposterior (AP), oblique, and lateral X-rays.
The exclusion criteria were (1) patients treated with
plate fixation, suture button fixation, or a combination
of fixation methods; (2) patients with open fractures or
fracture-dislocations; (3) patients with a history of trauma
or prior surgery on the affected foot; (4) inability to
undergo radiologic examinations for measurements; and
(5) discontinuous follow-ups. During the study period, 82
patients underwent surgery for a Lisfranc injury. As this
was a retrospective cohort study, no a priori sample size
calculation was performed. Instead, all eligible patients
who met the predefined inclusion criteria and had
complete clinical and radiological follow-up data were
included in the final analysis. Of these, 37 patients met the
inclusion criteria and were included in the final analysis.

Exclusions were due to failure to meet the predefined
inclusion criteria, including treatment with a plate-screw
combination (n=33), suture button fixation (n=3), and
inadequate or suboptimal radiographs (n=4). Additionally,
patients with discontinuous follow-up data (n=3) and
those presenting with open fractures (n=2) were excluded
(Figure 1).

The primary outcome of the study was the American
Orthopaedic Foot and Ankle Society (AOFAS) Midfoot
Score assessed at the final follow-up. Secondary outcomes
included the foot and ankle ability measure-activities of
daily living (FAAM-ADL) score, the maryland foot score
(MFS), radiographic parameters (M1-M2 distance, C1-
M2 alignment, C3-M3 alignment, and dorsal step-off),
postoperative complications, and the need for secondary
arthrodesis.
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Assessed for eligibility (n=82)

7

Excluded (n=45)
O Not meeting inclusion criteria

Plate-screw combination (33)
Suture button fixation (n=3)
Non-optimal x-rays (n=4)
Discontinuous follow-ups (3)
Open Fracture (2)

Included (n=37)

1) Lisfranc injuries treated with K wire/Screw

mortise and lateral X-rays.

(2) ideal preoperative and postoperative anteroposterior (AP),

7\

Group I: K-wire (n=17)

Group II- Screw (n=20)

Figure 1. Flow diagram of the study

Surgical Technique

The choice of fixation technigue was determined by the
treating surgeon according to the fracture characteristics,
individual patient factors, and routine clinical practice.
Owing to the retrospective nature of the study, no
predefined treatment allocation protocol was applied. In
the ORIF group, all interventions were performed under
general or regional anesthesia and with a tourniquet in
the supine position. In cases where the third TMT joint is
involved or where instability is present in the fourth or fifth
metatarsals, a dual-incision technique is used. This includes
a longitudinal incision over the first intermetatarsal space,
complemented by a second longitudinal incision aligned
with the fourth metatarsal. Reconstruction was performed
in a stepwise manner. Intercuneiform instability, when
present, was first stabilized with a 3.5-mm cannulated
screw. The second metatarsalintermediate cuneiform
articulation, considered the keystone of the TMT complex,
was then anatomically reduced using a reduction clamp
and temporarily stabilized with K-wires. Definitive fixation
was achieved with a 3.5-mm cannulated positioning
screw. The Lisfranc articulation was then secured with a
3.5-mm cannulated transarticular screw inserted from the
medial cuneiform to the base of the second metatarsal.
The first TMT joint was subsequently reduced with a
reduction clamp and fixed with one or two 3.5- or 4.5-
mm cannulated screws. The remaining TMT joints were
addressed sequentially from medial to lateral. The third
TMT joint was stabilized when required. Injuries involving

256

the fourth or fifth metatarsals were treated with K-wires
inserted from the metatarsal bases into the cuboid, which
were typically removed at 6-8 weeks postoperatively
(Figure 2).

In the CRPP group, the TMT joints were reduced from
medial to lateral, similar to the sequence used in the ORIF
group. Manual traction was applied to the distal foot, and
the first TMT joint was typically reduced using adduction
and plantarflexion maneuvers. After reduction was
achieved, a reduction clamp was applied when necessary,
and K-wires were inserted percutaneously across the
joint to maintain reduction under fluoroscopic guidance
(Figure 3). If instability extended to the fourth and fifth
TMT joints, these joints were also stabilized with K-wires.
Reduction and K-wire positioning were confirmed under
fluoroscopic guidance in the AP lateral, and oblique views.
All K-wires were removed at approximately eight weeks
postoperatively.

Postoperative Rehabilitation

Postoperative management, including rehabilitation
protocols, was individualized according to fracture
morphology, fixation stability, and patient-specific
factors. Immobilization with a short-leg cast or splint was
maintained for 4 weeks. After removal of immobilization,
controlled range-of-motion exercises were initiated. Partial
weight-bearing was allowed between weeks 6 and 8
postoperatively, with progression to full weight-bearing by
12 weeks.
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Figure 2. Intraoperative fluoroscopic image demonstrating fixation after open reduction of a Lisfranc injury. The first and second
tarsometatarsal joints were stabilized with screw fixation, while the fourth and fifth metatarsals were stabilized using Kirschner wires

<1
e

Figure 3. Intraoperative photograph demonstrating closed
reduction and percutaneous K-wire fixation of a Lisfranc injury
with reduction maintained using a Weber clamp

Radiographic Measurements

Postoperative weight-bearing AP oblique, and lateral
X-rays of the foot were obtained for all patients included
in the analysis. Radiological parameters were evaluated
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in three categories based on AR oblique, and lateral
radiographs.

The first radiological parameter was the diastasis
between the first and second metatarsals (M1M2),
assessed on weight-bearing AP foot radiographs (Figure
4a-c). According to the instability classification described
by Nunley and Vertullo (12), a firstsecond metatarsal
distance of less than 1-2 mm is considered normal, whereas
a diastasis of 2-5 mm indicates a subtle injury. A gap of
=5 mm is typically associated with a reduction in medial
arch height and is indicative of a more severe injury. In our
study, the intermetatarsal distance was measured on the
AP radiograph during the patient’s final follow-up, using
the criteria defined by Nunley and Vertullo (12).

The second radiographic parameter evaluated on
weightbearing AP radiographs was the alignment between
the medial cortex of the second metatarsal base and the
corresponding medial cuneiform articulation (C1M2)
(Figure 5a-c). This relationship was evaluated on the
final follow-up weight-bearing AP image and classified as
preserved or disrupted based on congruity at the second
TMT joint.

The third parameter was assessed on the 30-degree
oblique foot radiograph and was defined as the alignment
between the lateral cuneiform and the base of the third
metatarsal (C3M3) (Figure 6a and b). Specifically, congruity
between the medial cortices of the third metatarsal
base and the lateral cuneiform was evaluated. Any loss
of cortical continuity was interpreted as a disruption of
the corresponding TMT articulation. Alignment on the
final oblique follow-up radiograph was categorized as
preserved or disrupted based on visual assessment of
cortical congruity. The radiological parameters assessed
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on lateral foot radiographs include the dorsal step-off. The
dorsal step-off was measured at the level of the second
TMT joint as the absolute distance between the proximal
corner of the second metatarsal and the distal corner of
the articulating tarsal bone, as previously described by De
Bruijn et al. (13) (Figure 7a and b).

Clinical Evaluation

Patients were invited to attend a final visit to undergo
a standardized clinical examination and complete

four functional outcome questionnaires. All clinical
assessments were conducted at the final follow-up by an
experienced foot and ankle surgeon. Clinical outcomes
were evaluated using the AOFAS Midfoot Score (14), the
FAAM-ADL (15) and the MFS (16).

Figure 4. Intermetatarsal distance (M1M2); (a) CRPP group- early postop (yellow line), (b) Late postop following K-wire removal (yellow

line), (c) screw group (red line)
CRPP: Closed reduction and percutaneous pinning

Figure 5. Cuneiform-second metatarsal distance (C1M2); (a) CRPP group- early postop (red line), (b) Late postop following K-wire

removal (yellow line), (c) screw group (yellow line)
CRPP: Closed reduction and percutaneous pinning

258



Kocazeybek and Ersin. K-wire vs. Screw Fixation in Lisfranc Injuries

Statistical Analysis

The study data were summarized using descriptive
statistics, including mean, range, and standard deviation
for continuous variables and percentages for categorical
variables. Statistical analyses were performed using IBM SPSS
Statistics version 27.0 (IBM Corp., Armonk, NY, USA). The
normality of data distribution was assessed using the Shapiro-
Wilk test. Categorical variables were compared between the
two groups using the Fisher's exact test. Continuous variables
were analyzed using the Student’s t-test or the Mann-Whitney
U test, as appropriate. All statistical tests were two-tailed, and
statistical significance was defined as p<0.05.

Figure 6. Lateral cuneiform-third metatarsal alignment (C3M3)
in oblique X-rays; (a) CRPP group: late postop following K-wire
removal (red dots) (b) Screw group (yellow dashed line)

CRPP: Closed reduction and percutaneous pinning

Results

A total of 37 patients were included in the study (CRPP:
n=17; ORIF: n=20). No statistically significant differences
were observed between the groups with respect to
age, sex, body mass index, injury mechanism, Myerson
classification, or follow-up duration (p>0.05), indicating
comparable baseline characteristics (Table 1).

Radiographic evaluation demonstrated significantly
better outcomes in the ORIF group, with lower M1-M2
distance and dorsal step-off values than those in the
CRPP group (p=0.012 and p=0.006, respectively). No
significant differences were observed in other radiographic
parameters (Table 2).

Clinically, the ORIF group showed significantly superior
functional outcomes, with higher AOFAS, FAAM-ADL, and
Maryland scores (p=<0.001). Ankle dorsiflexion was also
significantly greater in the ORIF group (p=0.013), whereas
plantar flexion did not differ significantly between the
groups (p=0.078; Table 3).

Complications of CRPP and ORIF Techniques

Overall complication rates were comparable between
the groups, with no statistically significant differences
observed for individual complications. However, secondary
arthrodesis was observed only in the CRPP group (3
cases), a finding that may be clinically relevant despite not
reaching statistical significance (p=0.09; Table 4).

Discussion

The present study demonstrated that screw-based
fixation was associated with superior functional and
radiological outcomes compared with CRPP in the treatment
of Lisfranc injuries, while overall complication rates were
comparable between the two techniques. Patients treated
with ORIF showed significantly higher functional scores,
including the AOFAS, FAAM-ADL, and Maryland scores,
and improved ankle dorsiflexion. Radiologically, the ORIF

Figure 7. Measurement of the dorsal step-off: Measured as the absolute distance between the proximal corner of the metatarsal bone
& the distal corner of the articulating tarsal bone; (a) screw group, (b) CRPP group; late postop following K-wire removal
CRPP: Closed reduction and percutaneous pinning
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Table 1. Demographic characteristics of the patients

Group 1 CRPP (n=17) Group 2 ORIF (n=20) p-value
Age (year) Mean * SD 32.57+11.66 36.80+£10.90 p=0.625*
Min-max (23-61) (20-62)
. Right (R) 9 (52.9%) 10 (50%) _ e
SlSs Left (L) 8 (47.1%) 10 (50%) p=0.88
Sex Female 6 (35.2%) 7 (35%) p=0.201**
Male 11 (64.8%) 13 (65%)
Mean = SD 26.8+3.77 27.1£3.52
2 — *
Hnliteyiud) Min-max (21-34.6) (20.835.9) =025
Myerson classification
A 5 (29.4%) 3 (15%)
B1 2 (11.8%) 1 (5%) _ .
B2 8 (47.1%) 12 (60%) p=0.66
C1 1 (5.9%) 3 (15%)
(&) 1 (5.9%) 1 (5%)
Injury type
Fall 7 (41.2%) 13 (65%) —0.357%*
Traffic accident 8 (47.1%) 5 (25%) p=s-
Crush 2 (11.8%) 2 (10%)
Mean = SD 26.12+8.13 28.73+7.45 _ -
Follow up (mo) Min-max (12-54) (14-60) p=0.332
*Mann-Whitney U **Fisher’s exact test
CRPP: Closed reduction and percutaneous pinning, ORIF: Open reduction and internal fixation, BMI: Body mass index, SD: Standard deviation
Table 2. Comparison of radiographic parameters between groups
Group 1 CRPP (n=17) Group 2 ORIF (n=20) p-value
. Mean + SD 2.02+0.32 1.65+£0.61 _ o
M1M2 distance (mm) Min-max (1.1-3.4) (0.7-2.4) p=0.012
- Mean = SD 2.01+0.87 1.57+0.95 _ o
il eleires Min-max (1.24.2) (0.6-3.54) Pt
. Preserved alignment 13 17 _ P
C3M3 alignment loss of alignment 2 3 p=0.68
Mean £ SD 1.54+0.47 0.62+1.03 5 .
Dorsal step-off (mm) Min-max (03.7) (0-1.8) p=0.006

*Mann-Whitney U, **Fisher’s exact test
CRPP: Closed reduction and percutaneous pinning, ORIF: Open reduction and internal fixation, M1M2: First-second metatarsal distance, C1M2: Medial cortical distance
between the medial cuneiform and second metatarsal, C3M3: Medial border alignment of the lateral cuneiform and third metatarsal, SD: Standard deviation

Table 3. Comparison of clinical outcome scores between the CRPP and ORIF groups

Group 1 (CRPP ) (n=17) Group 2 ORIF (n=20) p-value Cohen’s d
AOFAS-midfoot mrri:\szD (7601'278138'25 79.54+7.78 (58-94) p=0.001* 1.13
FAAM ADL m;*::‘nzxs') (658&7;)9.77 78.15+8.73 (58-93) p=0.001* 1.05
MFS Mf.i&ﬁxsn ?3536613§;.7€?2 5) 82.96+8.25 (29.57-98.80) | p=0.001* 1.80
Dorsiflexion pean & 5D (115(')_924;)3'56 18.55+2.68 (10-25) p=0.013* 0.84
PlantarFlexion mr::;xs') (2;(')_3315133'72 30.25+2.78 (20-40) 0=0.078* 0.60

*Mann-Whitney U

CRPP: Closed reduction and percutaneous pinning, ORIF: Open reduction and internal fixation, AOFAS: American Orthopaedic Foot and Ankle Society, FAAM-ADL: Foot

and ankle ability measure-activities of daily living, SD: Standard deviation, MFS: Maryland foot score
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Table 4. Comparison of postoperative complications between the CRPP and ORIF groups

Group 1 CRPP (n=17) Group 2 ORIF (n=20) p-value
Implant breakage (n) 0 2 0.49**
Compartment syndrome (n) 0 0 NA
Reflex sympathetic dystrophy (n) 4 2 0.38**
Superficial infection (n) 0 3 0.79**
Deep infection (n) 0 1 1.00**
Malunion (n) 4 1 0.15**
Reoperation-secondary arthrodesis (n) 3 0 0.09**
**Fisher’s Exact test
CRPP: Closed reduction and percutaneous pinning, ORIF: Open reduction and internal fixation

group demonstrated significantly lower M1-M2 distances
and dorsal step-off values, indicating better maintenance
of anatomical reduction. Contrary to our initial hypothesis,
CRPP did not demonstrate clinical and radiological
outcomes comparable to those of screw-based fixation.
Although CRPP offers the theoretical advantages of
reduced soft-tissue disruption and a less invasive surgical
approach, the present findings suggest that these benefits
may not fully compensate for the reduced mechanical
stability associated with K-wire fixation. In summary, these
results suggest that more rigid fixation constructs may
be beneficial, especially in adult patients with unstable
Lisfranc injuries.

Functional outcome scores are key indicators of
recovery after Lisfranc injuries and closely correlate with
the quality of anatomical reduction. In this context, several
studies have evaluated the clinical outcomes of different
fixation techniques. Sanchez-Gémez et al. (17) reported
significantly higher AOFAS scores in patients treated with
screw fixation compared to those managed with K-wires,
suggesting that improved stability and maintenance of
reduction may contribute to better functional outcomes.
Similarly, Uzun et al. (18) demonstrated that screw
fixation provided more favorable radiological alignment
and maintenance of reduction, which may be associated
with improved clinical results over time. Conversely, Dudko
et al. (19) reported satisfactory functional outcomes
following K-wire fixation, particularly in low-energy injuries,
emphasizing that acceptable results can be achieved when
anatomical reduction is properly obtained. In addition, a
multicenter study by Adachi et al. (20) found comparable
functional outcomes between K-wire and screw fixation
techniques, indicating that neither method showed clear
superiority in terms of functional recovery. In contrast to
adult populations, a study in pediatric and adolescent
patients reported favorable midterm outcomes regardless
of fixation method, with K-wires being commonly used
and sufficient when anatomical reduction is achieved (21).
These findings suggest that fixation type may be less critical
in younger populations, where biological healing potential
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and lower mechanical demands may play a greater role
in recovery. In the present study, however, screw-based
fixation was associated with significantly superior clinical
outcomes across multiple functional scoring systems,
including AOFAS, FAAM-ADL, and Maryland scores,
compared with percutaneous K-wire fixation. This finding
suggests that in adult patients, more rigid fixation may
be necessary to achieve and maintain optimal alignment
and to facilitate improved functional recovery in Lisfranc
injuries.

Radiological evaluation is essential for assessing the
quality of reduction and long-term stability of the Lisfranc
joint complex, with parameters such as intermetatarsal
distance, joint alignment, and dorsal step-off, which
closely correlate with clinical outcomes. In this context,
Ghate et al. (22) reported that both screw and K-wire
fixation could achieve satisfactory results; however,
they emphasized that the accuracy and maintenance
of anatomical reduction were the primary determinants
of successful outcomes rather than the fixation method
alone. A recent study by Talia et al. (23) highlighted
that while both K-wire fixation and transarticular screw
fixation are commonly used, screw-based constructs tend
to provide greater stability and may be more effective in
maintaining anatomical reduction over time, particularly
in unstable injury patterns. The authors also emphasized
that loss of reduction remains a key factor associated with
inferior outcomes, further emphasizing the necessity of
stable fixation. The findings of this study indicate that ORIF
was associated with improved radiological alignment, as
reflected by lower M1-M2 distances and dorsal step-off
values. These results suggest that more rigid fixation may
facilitate more reliable restoration and maintenance of
anatomical reduction, which may ultimately contribute to
improved functional outcomes.

Postoperative complications represent an important
consideration when comparing fixation techniques for
Lisfranc injuries. Previous studies indicate that Kirschner-
wire fixation and screw fixation have largely comparable
complication profiles, although certain differences exist.
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For instance, screw fixation has been associated with a
higher rate of implant-related complications, whereas
K-wire fixation tends to be associated with minor
complications, particularly in low-energy injuries with
adequate reduction (17,19). Multicenter studies have
suggested that complications such as malunion, infection,
and secondary arthrodesis may occur regardless of fixation
method, highlighting the influence of injury severity and
reduction quality. More recent evidence further indicates
that postoperative complications are more strongly
associated with patient- and injury-related factors than
with the fixation technique itself (20,24). In line with these
findings, overall complication rates were similar between
the CRPP and ORIF groups in this study. After ORIF
implant-related problems and sensory disturbances were
more common. After CRPP alignment-related problems
and secondary arthrodesis were more common. However,
none of these differences were statistically significant, and
the infection rates were similar between the two groups.

The higher incidence of secondary arthrodesis after
CRPP may be clinically meaningful despite the lack
of statistical significance, as secondary arthrodesis is
generally regarded as an indicator of persistent instability,
post-traumatic degeneration, or inadequate maintenance
of midfoot alignment following Lisfranc injury treatment
(23). In the present study, secondary arthrodesis was
required in three patients in the CRPP group, whereas no
patients in the ORIF group required secondary arthrodesis
during follow-up. Although ORIF demonstrated a lower
rate of secondary arthrodesis in our cohort, recent meta-
analyses have shown that secondary arthrodesis may
still be necessary in a subset of patients following ORIF
despite satisfactory initial reduction and fixation, likely due
to the development of post-traumatic degeneration over
time (23,25,26). Supporting this observation, Almaat et
al. (27) recently evaluated 8,101 patients who underwent
ORIF for Lisfranc injuries and reported a remarkably low
long-term conversion rate to secondary arthrodesis (2.7%
at 5 years and 2.8% at 10 years). Despite a substantial
rate of implantrelated reoperations, the low incidence
of secondary fusion suggests that joint-preserving ORIF
provides durable midfoot stability over time for the
majority of patients.

Study Limitations

This study has several limitations that should be
considered when interpreting its findings. First, the
retrospective design and the absence of randomization
may have introduced selection bias and limited the ability
to establish causal relationships. In addition, a substantial
proportion of initially screened patients were excluded
based on predefined eligibility criteria, primarily because
they underwent alternative fixation methods or lacked
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adequate radiographic follow-up. Although these criteria
were applied to create a more homogeneous study
population, the relatively high exclusion rate may have
contributed to selection bias and limited the generalizability
of the findings.

Second, operations were performed by different
surgeons during the study period, and variations in surgical
technique and decision-making may have influenced
outcomes. Third, a single foot-and-ankle specialist who
was not blinded to the study conducted the clinical
evaluations, which may have introduced assessment
bias. Furthermore, radiographic measurements were
not assessed for interobserver or intracbserver reliability,
which may affect the reproducibility of these findings
because all measurements were performed by a single
observer. Fourth, the relatively small sample size may have
resulted in an underpowered analysis, limiting the ability
to detect statistically significant differences, particularly
in less frequent outcomes such as complications and
secondary arthrodesis. Additionally, the small sample
size precluded the use of multivariable analysis, which
may have limited the ability to fully account for potential
confounding factors. Although functional outcomes were
evaluated using established scoring systems, the minimal
clinically important difference was not formally assessed,
which should be considered when interpreting the clinical
relevance of the results. Despite these limitations, this
study provides a direct comparison of two commonly used
fixation strategies—open reduction with screw fixation and
percutaneous K-wire fixation—and contributes meaningful
clinical and radiological data to the literature. Although
the sample size is relatively small, the findings underscore
the potential importance of rigid fixation in achieving
improved outcomes for patients with Lisfranc injuries.

Conclusion

Our findings suggest that screw-based fixation is
associated with superior functional outcomes and better
maintenance of midfoot alignment compared with K-wire
fixation. Although K-wire fixation may be considered an
alternative in selected patients, particularly when open
reduction cannot be performed, ORIF was associated
with improved outcomes in this cohort. However, future
adequately powered multicenter prospective studies are
warranted.
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Abstract

Aim: Aseptic loosening remains one of the leading causes of late failure after hip and knee arthroplasty, and its diagnosis is often
challenging because imaging and conventional inflammatory markers have limited specificity. We aimed to evaluate and compare the
diagnostic performance of neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-to-lymphocyte ratio
(MLR) in detecting aseptic loosening following hip and knee arthroplasty.

Methods: This single-center, retrospective diagnostic accuracy study included 291 patients who underwent three-phase bone
scintigraphy for suspected prosthetic loosening between 2020 and 2025. Patients were classified into aseptic loosening and control
groups based on scintigraphic findings supported by clinical evaluation. Hematological parameters were obtained from complete blood
counts, and NLR, PLR, and MLR were calculated. Diagnostic performance was assessed using receiver operating characteristic curve
analysis, and optimal cut-off values were determined using the Youden index.

Results: In knee arthroplasty, MLR was significantly higher and the white blood cell count was significantly lower in patients with aseptic
loosening, whereas NLR and PLR showed no significant differences. In hip arthroplasty, both PLR and MLR were significantly elevated in
the loosening group. Receiver operating characteristic analysis demonstrated the low-to-moderate discriminatory ability of MLR in both
knee (AUC=0.61) and hip (AUC=0.64) arthroplasty, whereas PLR achieved the highest diagnostic performance in the hip group (AUC=0.68)
with high sensitivity. Neutrophil-to-lymphocyte ratio consistently demonstrated limited diagnostic value across both joint types.

Conclusion: Monocyte-to-lymphocyte ratio and PLR demonstrate modest diagnostic utility in the evaluation of aseptic loosening after
hip and knee arthroplasty, with joint-specific differences in performance. These hematological markers should be considered adjunctive
tools rather than standalone diagnostic tests and may contribute to clinical decision-making when interpreted alongside imaging
findings and clinical assessment.

Keywords: Aseptic loosening, prosthesis failure, monocyte-to-lymphocyte ratio, platelet-to-lymphocyte ratio, biomarkers, radionuclide
imaging

Introduction Osteoarthritis, the most prevalent form, is a leading
Degenerative joint diseases represent a major and cause of chronic pain, disability, and loss of functional
growing public health burden worldwide, largely driven independence in individuals over 60 years of age (1-3).

by population aging and increased life expectancy. Total knee arthroplasty (TKA) and total hip arthroplasty
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(THA) are well-established and highly effective surgical
treatments for end-stage joint degeneration, providing
substantial improvements in pain relief and quality of
life (4). However, the increasing volume of primary
arthroplasty procedures has been accompanied by a
parallel rise in revision surgeries, among which aseptic
loosening remains one of the most common late failure
mechanisms (5).

Accurate diagnosis of aseptic loosening is clinically
challenging. Conventional diagnostic approaches rely on a
combination of clinical assessment and imaging modalities,
including plain radiographs, three-phase bone scintigraphy
(TPBS), single-photon emission computed tomography
combined with computed tomography (SPECT/CT),
and magnetic resonance imaging (6). Although these
techniques are widely used, they may be limited by
cost, availability, metal-related artifacts, and suboptimal
sensitivity for early loosening (7). Consequently, there is
growing interest in simple, minimally invasive, and cost-
effective biomarkers that could support clinical decision-
making. In this context, inflammatory indices derived
from routine complete blood count parameters—such
as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), and monocyte-to-lymphocyte ratio
(MLR)—have attracted attention in orthopedic research.
While these markers have been extensively investigated
in the differentiation of periprosthetic joint infection from
aseptic failure, their diagnostic value specifically in non-
infectious aseptic loosening remains insufficiently defined,
with inconsistent and heterogeneous results across studies
(8).

Most previous investigations have focused on either
hip or knee arthroplasty populations in isolation and have
rarely compared multiple hematological markers within the
same methodological framework. We hypothesized that
inflammatory cell ratios, particularly MLR, differ between
patients with and without aseptic loosening and that they
demonstrate joint-specific diagnostic performance for hip
and knee arthroplasty. This study aimed to compare the
diagnostic accuracy of NLR, PLR, and MLR in patients with
suspected aseptic loosening following TKA and THA using
a uniform diagnostic approach, thereby clarifying their
relative clinical utility across joint types and supporting
more informed adjunctive use of readily available
hematological parameters in the diagnostic evaluation of
prosthetic loosening.

Materials and Methods

Compliance with Ethical Standards

This study was conducted in accordance with the
ethical principles of the Declaration of Helsinki. Due to
its retrospective design and the use of anonymized data
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obtained from routine clinical records, formal written
informed consent was waived. Ethical approval was
granted by the Kutahya Health Sciences University Non-
Interventional Clinical Research Ethics Committee (approval
no.. 2024/14-11, date: 16.12.2024). No additional
diagnostic or therapeutic procedures were performed for
research purposes.

Study Design

This single-center retrospective diagnostic accuracy
study evaluated hematological inflammatory ratios for
identifying aseptic loosening after total hip and knee
arthroplasty. The study included patients who underwent
TPBS for suspected prosthetic loosening between January
2020 and May 2025. The patient selection process and
study flow are summarized in Figure 1.

Study Population and Patient Selection

All eligible consecutive patients who underwent TPBS
for suspected prosthetic loosening during the study period
were screened to minimize selection bias. We excluded
21 patients because of incomplete records or diagnoses
other than aseptic loosening, resulting in a final cohort of
291 patients.

Group 1 (loosening): One hundred and eleven (73
TKA, 38 THA) with scintigraphic findings suggestive of
aseptic loosening confirmed by clinical evaluation. Clinical
evaluation included assessment of prosthesis stability, pain
score, and plain radiographs; when ambiguity persisted,
SPECT/CT was performed using a Siemens Symbia Intevo
scanner to obtain reference uptake indices.

Group 2 (control): One hundred and eighty (112 TKA,
68 THA) with TPBS performed for suspected prosthetic

Screened
312 consecutive TPBS studies

~

Exclusion
21 patients excluded
- Incomplete records
- Diagnoses other than aseptic loosening

1

Final Cohort
291 patients

v

Group 1
Aseptic Loosening (n=111)

Xz

TKA: 73
THA: 38

v

Group 2
Control (n=180)

W5

TKA: 112
THA: 68

Figure 1. Study flow diagram illustrating patient selection and
group allocation

TKA: Total knee arthroplasty, THA: Total hip arthroplasty, TPBS: Three-
phase bone scintigraphy
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loosening but reported as “normal” or “not in favor of
loosening.” Because the number of eligible control patients
exceeded that of the loosening group, controls were
selected by simple random sampling from an anonymized
list using a computer-generated random number table to
minimize selection bias.

Imaging Protocol

In this study, TPBS was performed in patients evaluated
for suspected loosening after total joint arthroplasty.
Scintigraphic imaging was performed using a Mediso
gamma camera system. Prior to imaging, patients were
intravenously administered 20-25 mCi (740-925 MBq) of
technetium-99m labeled methylene diphosphonate. The
TPBS protocol included a dynamic blood flow phase during
the first minute post-injection, followed by a blood pool
phase at 3-5 minutes, and delayed static images acquired
approximately 3 hours after injection. In interpreting the
scans, the absence of increased activity or hyperemia in
the blood flow and pool phases was considered indicative
of the absence of infection. However, in the delayed
phase, increased tracer uptake in the periprosthetic bone
compared with adjacent healthy bone, particularly in areas
under mechanical stress, was interpreted as suggestive
of aseptic loosening. Based on this imaging protocol,
the final diagnosis of aseptic loosening was established
by integrating scintigraphic findings with clinical and
laboratory data.

Diagnostic Definition of Aseptic Loosening

Aseptic loosening was diagnosed based on increased
periprosthetic tracer uptake during the delayed phase
of TPBS in the absence of clinical, laboratory, or
imaging findings suggestive of infection. Importantly,
histopathological confirmation and intraoperative cultures
were not routinely available, and the diagnosis relied on
the integration of imaging and clinical data. The absence
of histopathological confirmation may have led to
misclassification bias, a methodological limitation of the
study.

Data Collection and Laboratory Measurements

Demographic variables (age, sex), arthroplasty type
(hip or knee), and time interval between primary surgery
and scintigraphic evaluation were recorded. Laboratory
parameters, including white blood cell, neutrophil,
lymphocyte, monocyte, and platelet counts, and C-reactive
protein (CRP) levels, were retrieved from the hospital
information system. To minimize temporal variability,
laboratory measurements obtained closest to the
scintigraphic examination (within £7 days) were included in
the analysis. When multiple measurements were available,
the value closest to the imaging date was used.
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Derived inflammatory ratios were calculated as
follows:

+ NLR = Neutrophil-to-lymphocyte ratio

+ PLR = Platelet-to-lymphocyte ratio

+  MLR = Monocyte-to-lymphocyte ratio

Outcome Measures

The primary outcome was the diagnostic performance
of NLR, PLR, and MLR in distinguishing patients with
aseptic loosening from controls, assessed using receiver
operating characteristic (ROC) curve analysis.
The secondary outcomes included:
« Comparison of hematological parameters between
loosening and control groups stratified by joint type
(hip vs. knee),

+ Determination of optimal cut-off values using the
Youden index,

+ Evaluation of sensitivity and specificity for each

marker.

Statistical Analysis

Statistical analyses were performed using the SPSS,
version 25.0 (IBM Inc., Armonk, NY, USA). Normality of
continuous variables was assessed using the Kolmogorov-
Smirnov test. Normally distributed variables were
expressed as mean + standard deviation and compared
using independent samples t-tests. Categorical variables
were compared using the chi-square test.

Receiver operating characteristic curve analysis was
used to assess diagnostic accuracy, and area under the
curve (AUC) values were calculated with 95% confidence
intervals (Cls). Optimal cut-off values were determined
using the Youden index.

Given the exploratory nature of this study and the
evaluation of multiple biomarkers and subgroup analyses,
no formal correction for multiple comparisons was applied,;
the results should be interpreted accordingly. A p-value
<0.05 was considered statistically significant.

Results

Demographic and Clinical Characteristics

A total of 291 patients were included in the analysis,
comprising 111 patients with aseptic loosening and 180
controls. In the loosening group, 73 patients had TKA and
38 patients had THA. Baseline demographic characteristics,
including age, sex distribution, and the time interval
from primary surgery to scintigraphic evaluation, were
comparable between the loosening and control groups for
both joint types (Table 1).
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Hematological Findings in Knee Arthroplasty

In the TKA cohort, patients with aseptic loosening
demonstrated significantly higher MLR values compared
with controls (0.26+0.12 vs. 0.21+0.06, p=0.024). The
white blood cell count was significantly lower in the
loosening group (9.34+3.67 vs. 14.45+4.87 x10%/L,
p=0.031). No significant differences were observed for
neutrophil count, lymphocyte count, platelet count, NLR,
or PLR (Table 2).

Receiver operating characteristic analysis showed
that MLR had low-to-moderate discriminative ability for
detecting aseptic loosening in the knee cohort (AUC=0.61,
95% Cl: 0.53-0.69). NLR and PLR demonstrated poor
diagnostic performance (AUC <0.60) (Figure 2).

Hematological Findings in Hip Arthroplasty

In the THA cohort, both PLR and MLR were significantly
higher in patients with aseptic loosening compared with
controls (PLR: p=0.033; MLR: p=0.017). No significant
differences were observed in white blood cell count,
neutrophil count, lymphocyte count, platelet count, NLR,
or CRP levels (Table 2).

Receiver operating characteristic analysis revealed
that PLR had the highest diagnostic accuracy in the hip
cohort (AUC=0.68, 95% Cl: 0.58-0.78), followed by MLR
(AUC=0.64, 95% Cl: 0.53-0.75). NLR again showed limited
discriminative value (AUC=0.56; Figure 2).

Table 1. Demographic and clinical characteristics of patients with suspected aseptic loosening following hip and knee arthroplasty

Group Number of men Number of women Age Follow-up period (Mean *
(n=291) (n=159) (n=132) (Mean * SD) SD years)

Knee patient (73) 41 32 68.3+12.7 11.3+7.2

Knee control (112) 61 51 70.6+9.8 10.2+8.3

Hip patient (38) 21 17 65.4+16.2 13.1+8.9

Hip control (68) 36 32 69+11.6 12.1+4.1

Values are presented as mean + standard deviation or number of patients
SD: Standard deviation

Table 2. Comparison of demographic, clinical, and hematological parameters between patients with and without aseptic

loosening after knee and hip arthroplasty

Variables Group 1 Group 2 p
Male 41 61
Gender 0.825
Sex/female 32 51
Age 68.3+12.7 70.6+9.8 0.642
K Follow-up period (year) 11.3+7.2 10.2+8.3 0.562
nee
NLR 2.35+1.71 1.93+0.84 0.282
PLR 141.12+70.37 136.00+£81.65 0.167
Hematological MLR 0.26£0.12 0.21%0.06 0.024
parameters
CRP 7.35.4 9.8+10.8 0.072
White blood cell 9.34+3.67 14.45+4.87 0.031
Male 21 36
Gender 0.218
Sex/female 17 32
Age 65.4+16.2 69.0+£11.6 0.432
Follow-up period (year) 13.1+8.9 12.1+4.1 0.136
Hip NLR 2.04+1.27 2.43+1.69 0.07
PLR 143.42+13.58 131.00+£28.42 0.033
Hemetalagieal e MLR 0.220.19 0.140.09 0.017
biochemistry parameters
CRP 9.6%6.1 8.5+4.8 0.231
White blood cell 10.71+3.92 11.44+6.72 0.855

Values are presented as mean + standard deviation or number of patients. Group 1: patients with aseptic loosening; Group 2: controls. Comparisons between groups
were performed using the independent-samples t-test for continuous variables and the chi-square test for categorical variables. Bold p-values indicate statistically significant
differences (p<0.05). Age is given in years, CRP in mg/L, and white blood cell count in x10%/L

NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, MLR: Monocyte-to-lymphocyte ratio, CRP: C-reactive protein
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Optimal Cut-off Values

Optimal cut-off values derived using the Youden index
are summarized in Table 3. In knee arthroplasty, an MLR
threshold of 0.268 yielded a sensitivity of 43.8% and a
specificity of 86.6%. In hip arthroplasty, a PLR cut-off
of 122.85 provided high sensitivity (97.4%) with low
specificity (44.1%), whereas an MLR cut-off of 0.278
demonstrated high specificity (94.1%) with moderate
sensitivity (55.3%).

Subgroup and Sensitivity Analyses

Subgroup analyses stratified by sex and follow-up
duration (>10 years vs. =10 years) did not reveal significant
interactions affecting MLR or PLR performance (p for
interaction >0.1). Sensitivity analyses excluding patients
with CRP levels >10 mg/L yielded comparable AUC values,
supporting the robustness of the findings.

0.8

Sensitivity (True Positive Rate)

Knee MLR (AUC = 0.61)
Knee WBC (AUC = 0.18)
== Hip MLR (AUC = 0.64)
— Hip PLR (AUC = 0.68)
=== Random (AUC = 0.50)

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity (False Positive Rate)

Figure 2. Receiver operating characteristic curves demonstrating
the diagnostic performance of hematological parameters in
the detection of aseptic loosening following hip and knee
arthroplasty

MLR: Monocyte-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio,
AUC: Area under the curve, WBC: White blood cell

Discussion

In this single-center retrospective study, we evaluated
the diagnostic performance of routinely available
hematological inflammatory ratios in patients with
suspected aseptic loosening following total hip and knee
arthroplasty. The main finding of this study is that the
MLR demonstrated modest but consistent diagnostic
performance in both joint types, whereas the NLR showed
limited value in the non-infectious setting. In contrast, the
PLR exhibited joint-specific behavior, showing clinically
relevant performance only in hip arthroplasty (9,10).

The relatively better performance of MLR may be
explained by the underlying pathophysiology of aseptic
loosening.  Chronic low-grade inflammation induced
by wear debris leads to macrophage activation and
periprosthetic osteolysis, processes in which monocytes
play a central role (7,11). As monocytes are precursors
of macrophages, MLR may better reflect these biological
mechanisms compared with NLR, which is more closely
associated with acute infectious responses (12). This
distinction likely explains why NLR, despite its established
utility in periprosthetic joint infection, failed to demonstrate
diagnostic relevance in the present aseptic cohort (13,14).

An important finding of this study is the differential
diagnostic performance of PLR in hip versus knee
arthroplasty. While PLR did not show significant value in
knee arthroplasty, it demonstrated high sensitivity in hip
arthroplasty, suggesting a potential role as a rule-out marker
in this subgroup (15,16). Differences in joint biomechanics,
implant characteristics, and local inflammatory responses
may contribute to this finding, although the exact
mechanism remains unclear. Given its low specificity, PLR
should not be used as a standalone diagnostic parameter
but may provide supportive information when combined
with more specific markers such as MLR.

Although several hematological parameters reached
statistical significance, their clinical implications should
be interpreted with caution. The values of the area
under the ROC curve for MLR and PLR ranged from
0.61 to 0.68, indicating fair but limited discriminatory
ability. These findings suggest that hematological ratios
alone are insufficient for definitive diagnosis and should
be interpreted as adjunctive tools alongside clinical
assessment and imaging modalities (17,18).

on Youden index analysis

Table 3. Optimal cut-off values, sensitivity, and specificity of inflammatory markers for the diagnosis of aseptic loosening based

Parameter Cut-off value Sensitivity Specificity
Knee MLR 0.268 0.438 0.866
Hip PLR 122.85 0.974 0.441
Hip MLR 0.278 0.553 0.941

knee and hip arthroplasty cohorts
MLR: Monocyte-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio

Cut-off values were derived from receiver operating characteristic curve analysis. Sensitivity and specificity values reflect the diagnostic performance of each parameter in
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Previous studies have primarily focused on
differentiating periprosthetic joint infection from aseptic
failure or have evaluated hip and knee arthroplasty
populations separately (19,20). By contrast, the present
study simultaneously analyzed both joint types using a
uniform diagnostic methodology and directly compared
multiple inflammatory ratios within the same cohort. This
approach provides a more comprehensive assessment
of the potential role of hematological markers in the
diagnostic work-up of aseptic loosening.

Study Limitations

This study has several limitations. Its retrospective,
single-center design may limit generalizability and introduce
selection bias. Aseptic loosening was diagnosed based on
clinical assessment and TPBS, without histopathological
confirmation or intraoperative cultures; this may have
resulted in misclassification bias. In addition, multiple
biomarkers were analyzed without formal adjustment for
multiple comparisons, and multivariate modeling was not
performed.

Despite these limitations, the study benefits from a
relatively large cohort, the inclusion of both hip and knee
arthroplasty patients, and the evaluation of simple, widely
available hematological markers using a standardized
diagnostic approach.

Conclusion

Monocyte-to-lymphocyte ratio and PLR showed modest
diagnostic value for assessing aseptic loosening after
hip and knee arthroplasty, with joint-specific differences
in performance. MLR demonstrated higher specificity
across both joint types, whereas PLR showed high
sensitivity, mainly in hip arthroplasty. Given the moderate
discriminatory ability of these markers (AUC: 0.61-0.68),
they should be considered adjunctive tools rather than
standalone diagnostic tests. Future prospective multicenter
studies with surgical or histopathological confirmation are
warranted to validate these findings.

Ethics

Ethics Committee Approval: Ethical approval
was granted by the Kutahya Health Sciences University
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Abstract

Aim: Healthcare workers delivering physical therapy modalities perform repetitive hand—arm movements under static loading, yet they
are usually studied together with physiotherapists. This study aimed to evaluate the relationships among neck and upper extremity
pain, upper extremity disability, sleep quality, and professional quality of life in this workforce.

Methods: This single-center, cross-sectional study was conducted between January 2024 and May 2024 at a tertiary training and
research hospital; 65 healthcare workers delivering physical therapy modalities were analyzed. Pain, disability, sleep quality, and
professional quality of life were assessed with the Numeric Rating Scale, QuickDASH, Pittsburgh Sleep Quality Index, and Professional
Quality of Life Scale. Spearman correlation, with false discovery rate correction, and multivariable linear regression were used.

Results: Mean age was 27.8+8.9 years and 80.0% were female. The median pain score was 4 for both regions, and 58.5% had
poor sleep quality. Upper extremity pain was correlated with disability (r=0.769) and with sleep quality (r=0.562). Pain, professional
experience, sleep quality, and inappropriate posture were independent correlates of disability (adjusted R?=0.665), whereas pain and
shorter sleep duration were independent correlates of sleep quality (adjusted R?>=0.363).

Conclusion: Pain intensity was most consistently associated with both disability and sleep quality, whereas cumulative exposure and
posture, rather than the modality applied, distinguished participants. An ergonomic review of the working day, combined with a brief
sleep screen, may be warranted for this workforce.

Keywords: Occupational diseases, musculoskeletal diseases, upper extremity, sleep quality, burnout professional, physical therapy
modalities

Introduction a continental meta-analysis of 68 studies involving 17,188
surgeons published in the same year reported pooled
prevalences ranging from 62.8% to 77.6% depending on
the region (2). Among physiotherapists, a global meta-

, analysis of 26 studies reported prevalences of 35.4% for
burden at the upper end of the occupational spectrum. A 4o thumb, 26.4% for the neck, 20.8% for the shoulder.

2025 meta-analysis of 40 studies involving 19,903 nurses and 18.1% for the wrist and hand (3), and a study of
reported a pooled prevalence of 84.3% [95% confidence physiotherapists in Madrid found that 98% reported at
interval (Cl) 81.1-87.4], with the neck and shoulder being least one musculoskeletal symptom within the previous 12
among the three most affected regions (1). Additionally, months (4). Across these syntheses the risk factors are

Work-related musculoskeletal disorders (WRMSDs) are
among the most frequent occupational health problems
in healthcare; recent evidence syntheses place their
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consistent: repetitive hand-arm movements, sustained
static and non-neutral postures, insufficient recovery
between tasks, and high workload intensity (5,6).

Healthcare workers whose daily work involves delivering
physical therapy modalities—ultrasound, transcutaneous
electrical nerve stimulation (TENS), extracorporeal shock
wave therapy (ESWT), shortwave diathermy, and infrared
therapy—have an exposure profile that differs from that of
physiotherapists because their working day is composed
almost entirely of short, repeated device applications
with limited task variation. Despite this distinction, they
are almost always pooled with physiotherapists rather
than analyzed separately, and data specific to this group
remain scarce (4). Upper extremity pain in this setting is
unlikely to be an isolated peripheral problem: a systematic
review with meta-analysis has established a bidirectional
relationship between sleep problems and chronic
musculoskeletal pain (6), sleep quality has been proposed
as a mediator of work-related musculoskeletal discomfort
(7), and a recent pilot study using the Pittsburgh Sleep
Quiality Index (PSQI) documented clinically relevant sleep
impairment in rehabilitation staff (8). To our knowledge,
no study has examined whether pain, upper extremity
disability, sleep quality, and professional quality of life
covary in this workforce, and which of these variables
carry independent weight.

We hypothesized that, in this occupational group,
higher intensity of upper extremity and neck pain would
be associated with greater upper extremity disability
and poorer sleep quality, and that psychosocial burden—
characterized by higher burnout and compassion fatigue
together with lower compassion satisfaction—would
be independently associated with both outcomes after
adjustment for pain and occupational exposure. The aim
of this study was, therefore, to evaluate the relationships
among upper extremity and neck pain, upper extremity
disability, sleep quality, and professional quality of life,
and to identify the independent correlates of disability
and sleep quality among healthcare workers delivering
physical therapy modalities. By distinguishing the variables
that carry independent weight from those that do not, this
study may help inform the design of targeted preventive
programs in which ergonomic measures and psychosocial
support are directed at the factors that matter for this
workforce.

Materials and Methods

Compliance with Ethical Standards

This study was approved by the University of Health
Sciences Turkiye, Bakirkoy Dr. Sadi Konuk Training and
Research Hospital Clinical Research Ethics Committee
(approval number: 2023-15-15, date: 07.08.2023).

272

Data were collected at Istanbul Physical Medicine and
Rehabilitation Training and Research Hospital. The study
was conducted in accordance with the principles of the
Declaration of Helsinki as revised in 2013, and written
informed consent was obtained from all participants
before data collection. All data for this study were collected
primarily through self-administered questionnaires; no
routinely recorded or retrospectively retrieved clinical data
were used. The authors declare no conflict of interest, and
the study received no financial support. The study was
designed, conducted, and reported in accordance with
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement for cross-sectional
studies (9).
Study Design

This single-center, cross-sectional, observational study
was conducted between January 2024 and May 2024 at
the University of Health Sciences Turkiye, Istanbul Physical
Medicine and Rehabilitation Training and Research
Hospital. The unit operated on a fixed daytime schedule
during the study period, and all staff worked day shifts
only. The flow of participants from the eligible workforce
to the analyzed sample is presented in Figure 1.

Participants

Personnel aged between 18 and 65 years who had
been actively delivering physical therapy modalities for at
least six months were eligible for participation. Individuals
with a history of cancer, rheumatological disease, or
neurological disease, those who had experienced major
upper extremity trauma or undergone surgery within
the previous three months, pregnant individuals, and
those using psychiatric medications known to affect
sleep were excluded from the study. All eligible personnel
working in the unit during the study period were invited
consecutively; 65 provided written informed consent and
completed all questionnaires. The total number of eligible
personnel employed during the study period could not be
retrieved retrospectively; consequently, the participation
rate could not be calculated, and volunteer bias could not
be excluded, as acknowledged in the study limitations. Al
participants held the same clinical role within the physical
therapy unit and applied the same range of therapeutic
modalities; they differed only in educational background
(two-year versus four-year higher-education programs).
There were no missing data, and all analyses were carried
out on the full sample of 65 participants.

Data Collection
During data collection, participants completed a
structured questionnaire assessing sociodemographic

characteristics, including age, sex, marital status, height,
weight, smoking and alcohol use, years of professional
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experience, weekly working hours, and self-reported sleep
duration. Body mass index was calculated from recorded
height and weight. Sleep duration was recorded in ordinal
bands: 1-4 hours, 5-6 hours, 7-8 hours, or more than 9
hours. For each of the five modalities routinely used in
clinical practice—ultrasound, TENS, infrared therapy,
shortwave diathermy, and ESWT—use was recorded as a
binary variable based on participants’ self-reports. Self-
reported mean daily application time was recorded only
for ultrasound and ESWT using ordinal bands (0-30 min,
30 min-1 h, 1-2 h, 23 h, 34 h, 45 h, or more than 5
h); no duration data were collected for TENS, infrared
therapy, or shortwave diathermy. Participants also reported
whether they took rest breaks during work, whether they
remained in the same position for prolonged periods, and
whether they maintained an appropriate body posture
while working.

Assessment Tools

Upper extremity function was assessed using the
QuickDASH questionnaire, an 11-item instrument
evaluating functional difficulties, symptom severity, and
the impact of upper extremity symptoms on daily activities
(10). Scores range from 0 to 100, with higher scores
indicating greater disability. The optional four-item work
module was administered in addition to the main scale

Healthcare workers delivering physical therapy
modalities invited consecutively during the
study period (January-May 2024)

|

Gave written informed consent and completed
all questionnaires
(n = 65)

|

Included in the analysis
(n = 65)

NRS

QuickDASH

.

PSQI

ProQOL

|

Complete-case data entered into the two
multivariable regression models (n = 65)

Figure 1. Flow of participants through the study

and was scored on the same 0-100 metric. The Turkish
version of the QuickDASH has been shown to be valid and
reliable (11).

Sleep quality was measured using the PSQI, which
evaluates seven components: subjective sleep quality,
sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleep medication, and daytime
dysfunction (12). Each component is scored from 0 to 3
and the global score ranges from 0 to 21; a global score
greater than 5 indicates poor sleep quality. For the global
score and for each component, higher scores denote
poorer sleep. The Turkish validity and reliability study of
the PSQI was conducted by Agdargiin et al. (13).

Professional quality of life was assessed using the
Turkish version of the Professional Quality of Life Scale,
Revision IV (ProQOL R-IV) (14,15). The instrument
comprises 30 self-report items that form three independent
10-item subscales—compassion satisfaction, burnout, and
compassion fatigue—with each item rated on a six-point
frequency scale ranging from O (never) to 5 (very often),
giving subscale scores between 0 and 50. Items 1, 4, 15,
17, and 29 are reverse scored. The subscales are evaluated
separately, and no total score is calculated. Higher
compassion satisfaction scores indicate a more positive
professional experience, whereas higher burnout and

| Not eligible or excluded !
| = Aged < 18 or > 65 years :
| * < 6 months in the role :
: « History of malignancy 1
: ¢ Rheumatological or neurological disease :
: * Upper extremity trauma or surgery :
| within the previous 3 months 1
: * Pregnancy :
I« Psychotropic medication affecting sleep :

NRS: Numeric Rating Scale, PSQI: Pittsburgh Sleep Quality Index, ProQOL: Professional Quality of Life Scale, QuickDASH: Quick disabilities of the arm,

shoulder and hand questionnaire
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compassion fatigue scores indicate greater psychosocial
burden. In the Turkish validation study, Cronbach’s alpha
coefficients were 0.82 for compassion satisfaction, 0.62
for burnout, and 0.84 for compassion fatigue (15).

Pain intensity was assessed using the Numeric Rating
Scale (NRS), an 11-point integer scale ranging from 0 to
10, where 0 represented “no pain” and 10 represented
“the most severe pain imaginable”. Participants rated their
mean pain intensity over the previous week separately for
the upper extremity and the neck.

Statistical Analysis

Statistical analyses were performed using SPSS version
22.0 (IBM Corp., Armonk, NY, USA). The distribution of
continuous variables was assessed using the Shapiro-Wilk
test and visual inspection of histograms and Q-Q plots.
Normally distributed variables are presented as mean +
standard deviation and non-normally distributed variables
as median interquartile range (IQR); categorical variables
are presented as frequency and percentage. Group
comparisons were conducted using the independent
samples t-test or the Mann-Whitney U test, depending
on the data distribution. The chi-square test was used for
categorical variables. Correlations were evaluated using
the Spearman rank test; for dichotomous variables, this
is equivalent to the point-biserial coefficient, and coding
directions are given in the table footnotes. To control for
multiple testing, the Benjamini-Hochberg false discovery
rate correction was applied within each correlation table
at g=0.05, and both unadjusted p values and adjusted q
values are reported (16). Two-sided p-values below 0.05
were considered statistically significant.

Two multivariable linear regression models were
constructed using the enter method, with the QuickDASH
score and the PSQI global score as dependent variables.
Candidate predictors were selected based on clinical
relevance and bivariate associations at p<0.10; to limit
overfitting, the number of predictors was capped at five
per model, resulting in 13 participants per predictor. Neck
pain and age were not entered because of collinearity
with upper extremity pain (rho=0.66) and with years of
professional experience (rho=0.85), respectively. Initial
analysis showed that the residuals of the QuickDASH
model were not normally distributed (Shapiro-Wilk
p<0.001). A square-root transformation was applied
to the dependent variable, correcting the distribution
(p=0.136). The assumptions of linear regression, including
normality of residuals, homoscedasticity, multicollinearity,
and independence of observations, were assessed using
residual plots and Q-Q plots, the Shapiro-Wilk test, the
Durbin-Watson statistic, and variance inflation factor (VIF)
and tolerance values. Cook’s distance was used to screen
for influential observations. Model fit was assessed using
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the F test, R?, and adjusted R?. Regression coefficients are
reported as unstandardized B (with 95% Cls), standard
errors, standardized B coefficients, t values, and p-values.
Since the sample size was limited to the available
workforce at the study center, a post-hoc power analysis
was performed using G*Power 3.1 (17). With 65
participants and a two-sided alpha of 0.05, the study
had 80% power to detect a correlation of r>0.34, which
corresponds to a medium effect. For a regression model
with five predictors, the same sample could detect an
effect of 2>0.22 (R? = 0.18). Each model included 13
participants per predictor, which is above the conventional
minimum of ten. The study was therefore sensitive to
moderate and large effects, whereas it may have been
underpowered to detect weaker associations.

Results

Demographic and Occupational Characteristics

A total of 65 healthcare workers who delivered physical
therapy modalities were analyzed. Their demographic and
occupational characteristics are given in Table 1, and the
modalities they applied, together with daily application
durations, are given in Table 2. The mean age was
27.8+8.9 years (median 26, IQR 23-29; range 18-54). Fifty-
two participants (80.0%) were female, and 30 participants
(46.2%) had completed a four-year higher education
program. The median duration of professional experience
was 2 years (IQR 2-6; range 1-36) and the median weekly
working time was 40 hours (range 24-45). Thirty-two
participants (49.2%) reported sleeping 5-6 hours per
night, another 32 (49.2%) reported 7-8 hours, and one
participant (1.5%) reported sleeping 1-4 hours per night.
Rest breaks during work were reported by 57 participants
(87.7%), while 48 (73.8%) said they worked in the same
position for prolonged periods, and only 31 (47.7%) said
they maintained an appropriate body posture. The median
NRS score was 4 for both upper extremity pain (IQR 2-5)
and neck pain (IQR 3-6); both had a range of 1-9. Thirty-
eight participants (58.5%) had a PSQI global score above
5, indicating poor sleep quality.

Bivariate Associations with Disability and Sleep
Quality

Pain intensity was the variable most consistently
associated with both outcome domains. Every association
reported in this paragraph remained significant after
correction for multiple testing (Table 3). Upper extremity
pain correlated with the QuickDASH score (r=0.769), the
QuickDASH work module score (r=0.764), and the PSQI
global score (r=0.562). It was also associated with five
PSQI components: subjective sleep quality (r=0.458),
use of sleep medication (r=0.434), daytime dysfunction
(r=0.433), sleep disturbances (r=0.420), and sleep latency
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Table 1. Demographic and occupational characteristics of the participants (n=65)

Variable Category Value
Age (years) 27.8+8.9; median 26 (23-29); range 18-54
Sex, n (%) Female 52 (80.0)
Male 13 (20.0)
Marital status, n (%) Married 21(32.3)
Single 44 (67.7)
Body mass index (kg/m?)? 23.7+3.8
Educational attainment, n (%) Two-year higher education program 35 (53.8)
Four-year higher education program 30 (46.2)
Smoking, n (%) Never 43 (66.2)
Occasionally 5(23.1)
Frequently 7 (10.8)
Alcohol use, n (%) Never 58 (89.2)
Occasionally 6 (9.2)
Frequently 1(1.5)
Pain intensity (NRS, 0-10), median (IQR) Upper extremity 4 (2.0-5.0); range 19
Neck 4 (3.0-6.0); range 1-9
Self-reported sleep duration, n (%) 1-4 hours 1(1.5)
5-6 hours 32 (49.2)
7-8 hours 32 (49.2)
Years of professional experience, median (IQR) 2 (2-6); range 1-36
Weekly working hours, median (IQR) 40 (40-40); range 24-45
Rest breaks during work, n (%) Yes 57 (87.7)
No 8(12.3)
Prolonged working in the same position, n (%) Yes 48 (73.8)
No 17 (26.2)
Maintaining appropriate body posture, n (%) Yes 1(47.7)
No 34 (52.3)
QuickDASH score, median (IQR) 17.5(6.0-31.2)
QuickDASH work module score, median (IQR) 12.5(6.2-31.2)
PSQI global score, median (IQR) 6 (4-9.0)
Poor sleep quality (PSQI >5), n (%) 38 (58.5)
ProQOL compassion satisfaction, median (IQR) 37 (31-44.0)
ProQOL burnout, median (IQR) 14 (9-19.0)
ProQOL compassion fatigue, median (IQR) 10 (5-19.0)

arm, shoulder and hand questionnaire

?Body mass index was calculated from the recorded height and weight values. Normality was assessed with the Shapiro-Wilk test. Normally distributed variables are
presented as mean + standard deviation, non-normally distributed variables as median (interquartile range), and categorical variables as n (%)
IQR: Interquartile range, NRS: Numeric Rating Scale, ProQOL: Professional Quality of Life Scale, PSQI: Pittsburgh Sleep Quality Index, QuickDASH: Quick disabilities of the

(r=0.325). Neck pain followed the same pattern for the
QuickDASH score (r=0.659), the work module (r=0.642),
the PSQI global score (r=0.479), subjective sleep quality
(r=0.417), sleep disturbances (r=0.423), and daytime
dysfunction (r=0.430), but not for sleep latency. Since
higher PSQI scores denote poorer sleep, these positive
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coefficients indicate that greater pain was associated with
worse sleep across all affected components.

Among the occupational and behavioral variables,
longer professional experience was associated with greater
use of sleep medication (r=0.459, q=0.001) and with a
higher QuickDASH score (r=0.325, g=0.040). Participants
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Table 2. Physical therapy modalities applied and daily
application durations (n=65)
Variable Category n (%)
Ultrasound 59 (90.8)
TENS 59 (90.8)
Modality applied Infrared therapy 59 (90.8)
ESWT 3(20.0)
Shortwave diathermy 35 (53.8)
Not applied 6(9.2)
0-30 min 3(4.6)
30min-1h 5(7.7)
Dally ultrasound application 12h 35 (53.8)
time
2-3h 14 (21.5)
3-4h 1(1.5)
45h (1.5)
Not applied 52 (80.0)
0-30 min 2 (3.1)
) o 30min-1h 2 (3.1)
Daily ESWT application time
1-2h 4(6.2)
2-3h 3(4.6)
34 h 2 (3.1)
Values are presented as n (%). Participants could apply more than one modality,
so percentages do not sum to 100. Ultrasound, TENS, and infrared therapy
were applied by exactly the same 59 participants, so these three variables are
mathematically identical and are analyzed as a single variable in Table 4. Daily
application time was recorded only for ultrasound and ESWT, and as ordinal
bands rather than continuous minutes
ESWT: Extracorporeal shock wave therapy, TENS: Transcutaneous electrical nerve
stimulation

who did not maintain an appropriate working posture
reported higher QuickDASH scores (r=0.374, gq=0.013),
and longer sleep duration was associated with a lower
PSQI global score (r=-0.350, q=0.022). Weekly working
hours, rest breaks, and prolonged working in the same
position showed no association with any outcome once
multiple testing was accounted for (Table 3).

Professional quality of life was linked to both outcomes
in the expected directions (Table 3). Compassion fatigue
correlated with the QuickDASH score (r=0.512), sleep
disturbances (r=0.479), use of sleep medication (r=0.467)
and the QuickDASH work module (r=0.419), all at
g<0.003. Burnout correlated with the QuickDASH score
(r=0.368, q=0.014) and with the use of sleep medication
(r=0.318, 9=0.046). Neither subscale retained a significant
association with the PSQI global score after correction;
none of the associations involving compassion satisfaction
remained significant.

With respect to the modalities, ultrasound, TENS,
and infrared therapy were applied by exactly the
same participants and were therefore analyzed as a
single variable. No association between the use of any
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modality (or its daily application time) and any outcome
remained significant after false discovery rate correction
(Table 4). Likewise, none of the associations between
sociodemographic variables and the outcomes survived
correction; the associations shown in Table 5 are
exploratory and hypothesis-generating.

Factors Independently Associated with Disability
and Sleep Quality

In the model for upper extremity disability, four
variables were independently associated with a higher
square-root-transformed  QuickDASH  score:  upper
extremity pain (B=0.476, 95% Cl 0.285 to 0.667; p=0.46,
p<0.001); inappropriate working posture (B=0.854, 95%
Cl0.171to0 1.537; p=0.19, p=0.015); the PSQI global score
(B=0.166, 95% Cl 0.034 to 0.299; =0.22, p=0.015); and
years of professional experience (B=0.051, 95% Cl 0.009
to 0.094; p=0.20, p=0.019). Compassion fatigue was not
independently associated with disability (p=0.114). The
model explained 69% of the variance [R?=0.691, adjusted
R?=0.665, F(5, 59)=26.37, p<0.001]. Residuals met the
assumptions of linearity, homoscedasticity, and normality
(Shapiro-Wilk p=0.136). The Durbin-Watson statistic was
1.81, the maximum Cook’s distance was 0.212, and all
VIFs remained below 1.7, with tolerance values above
0.60 (Table 6).

In the model for sleep quality, upper extremity pain
(B=0.521, 95% Cl 0.226 to 0.816; B=0.39, p<0.001)
and shorter self-reported sleep duration (B=-1.648,
95% Cl -2.767 to -0.530; B=-0.30, p=0.005) were the
only independent correlates of the PSQI global score.
Burnout (p=0.240), compassion fatigue (p=0.581), and
educational background (p=0.217) were not significant.
This model explained 41% of the variance (R=0.412,
adjusted R2=0.363, F(5, 59)=8.28, p<0.001). Assumption
checks and collinearity diagnostics are reported in Table 7.

Participants who had completed a four-year program
reported higher QuickDASH scores than those who had
completed a two-year program (median 21.7 versus 14.2,
p=0.018) and higher PSQI global scores (median 8.0 versus
6.0, p=0.033). The same group was also considerably
older and more experienced (both p<0.001); therefore,
the difference is confounded by cumulative occupational
exposure rather than being attributable to education itself.

Discussion

This study simultaneously examined upper extremity
and neck pain, upper extremity disability, sleep quality, and
professional quality of life in an occupational group that
has rarely been studied in its own right. Three findings
stand out. First, pain intensity was the dominant correlate
of both outcome domains and remained independently
associated with both disability and sleep quality after
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Table 3. Correlations between pain, work-related factors, professional quality of life, sleep quality, and upper extremity disability
(n=65)

Part A. Sleep quality (PSQI global score and components)

tE PsQigiobal | Gl e llatoncy | durstion” | sleap efficency
r | 0.562 0.458 0.325 0.045 0.205
Upper extremity pain (NRS) p | <0.001 <0.001 0.008 0.720 0.102
g | <0.001 0.001 0.040 0.870 0.249
r | 0.479 0.417 0.199 0.059 0.104
Neck pain (NRS) p |<0.001 <0.001 0.111 0.639 0.410
g | <0.001 0.003 0.250 0.847 0.644
r -0.350 -0.256 -0.235 -0.305 -0.032
Self-reported sleep duration p | 0.004 0.040 0.059 0.013 0.801
q | 0.022 0.125 0.159 0.056 0.914
r 0.135 0.065 0.013 0.052 -0.012
Years of professional experience p |0.282 0.606 0.918 0.683 0.923
g | 0.509 0.844 0.949 0.847 0.949
r |0.028 0.088 -0.020 0.038 -0.053
Weekly working hours p |0.822 0.485 0.876 0.766 0.676
q | 0914 0.720 0.932 0.906 0.847
r |-0.034 0.041 0.010 -0.051 -0.130
Taking rest breaks during work p |0.789 0.747 0.935 0.684 0.302
q | 0913 0.893 0.952 0.847 0.526
r |-0.057 -0.005 -0.049 -0.140 -0.095
Egi‘t)ig%ed werKing o e Gelive p | 0.651 0.966 0.696 0.266 0.449
q |0.847 0.975 0.850 0.505 0.686
r 0.125 0.137 0.068 0.092 0.136
Maintaining appropriate body posture | p | 0.323 0.276 0.589 0.464 0.280
g |0.530 0.509 0.830 0.700 0.509
r -0.251 -0.128 -0.236 -0.101 0.132
ProQOL-compassion satisfaction p |0.043 0.310 0.058 0.422 0.294
q |0.129 0.526 0.159 0.653 0.522
r |0.304 0.203 0.145 0.126 -0.196
ProQOL-burnout p [0.014 0.105 0.248 0.316 0.117
g | 0.056 0.249 0.479 0.526 0.258
r |0.303 0.239 0.013 -0.003 -0.175
ProQOL-compassion fatigue p |0.014 0.055 0.916 0.978 0.163
g | 0.056 0.158 0.949 0.978 0.346
Part B. Sleep quality (continued) and upper extremity disability
aiekle Ziss?tlxrsllz(:\'Zes splzg:) L:Z(;Zation zgg‘hzzﬁnme RulRASH \?vl;i:l:(?niimle
r | 0.420 0.434 0.433 0.769 0.764
Upper extremity pain (NRS) p | <0.001 <0.001 <0.001 <0.001 <0.001
g | 0.003 0.003 0.003 <0.001 <0.001
r |0.423 0.282 0.430 0.659 0.642
Neck pain (NRS) p |<0.001 0.023 <0.001 <0.001 <0.001
g | 0.003 0.085 0.003 <0.001 <0.001
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Table 3. Continued
Part B. Sleep quality (continued) and upper extremity disability
einelel :iss?lljrstl;zﬁic’es :IZSL l:'rs;c;)i‘:ation Z;ghiimnme Qe \?vl(l)ircli(oniilee

r |-0.230 0.051 -0.306 0.025 -0.054
Self-reported sleep duration p | 0.066 0.686 0.013 0.842 0.671

q |0.172 0.847 0.056 0.914 0.847

r 10224 0.459 -0.085 0.325 0.281
Years of professional experience p |0.073 <0.001 0.500 0.008 0.023

q |0.186 0.001 0.729 0.040 0.085

r 0117 0.276 -0.127 0.165 0.164
Weekly working hours p |0.353 0.026 0.314 0.189 0.193

q |0.563 0.093 0.526 0.381 0.381

r | 0.064 -0.036 -0.055 0.025 -0.080
Taking rest breaks during work p |0.615 0.777 0.661 0.843 0.528

q | 0.846 0.909 0.847 0.914 0.754

r |-0.031 0.238 -0.117 -0.024 0.019
Egi‘t)ig%ed TRl King o e GeTine p | 0.807 0.056 0.352 0.848 0.881

q |0.914 0.158 0.563 0.914 0.932

r |0.084 -0.026 0.053 0.374 0.251
Maintaining appropriate body posture | p | 0.503 0.836 0.676 0.002 0.044

q |0.729 0.914 0.847 0.013 0.129

r |-0.163 -0.184 -0.202 -0.170 -0.200
ProQOL-compassion satisfaction p |0.194 0.142 0.106 0.177 0.110

q | 0.381 0.305 0.249 0.367 0.250

r 10.269 0.318 0.272 0.368 0.265
ProQOL-burnout p |0.030 0.010 0.028 0.003 0.033

q | 0.100 0.046 0.097 0.014 0.107

r 10479 0.467 0.214 0.512 0.419
ProQOL-compassion fatigue p | <0.001 <0.001 0.087 <0.001 <0.001

q | <0.001 0.001 0.216 <0.001 0.003
r: Spearman rank correlation coefficient; p: unadjusted two-sided p value; g: Benjamini-Hochberg false discovery rate-adjusted p-value computed within this table. Higher
PSQI and QuickDASH scores denote poorer sleep and greater disability, respectively. Dichotomous variables were coded 1= yes, 2= no (taking rest breaks, prolonged
working in the same position, maintaining appropriate body posture); sleep duration was coded as an ordinal band (1= 1-4 h to 4= >9 h). A positive coefficient for
maintaining appropriate body posture therefore indicates that participants who did NOT maintain an appropriate posture reported greater disability
NRS: Numgric Rating Scale, ProQOL: Professional Quality of Life Scale, PSQI: Pittsburgh Sleep Quality Index, QuickDASH: Quick disabilities of the arm, shoulder and hand
questionnaire

adjustment. Second, the variables that carried independent
weight for disability were cumulative rather than task-
specific: years of professional experience and failure to
maintain an appropriate working posture, with the latter
reported by almost half of the sample. Third, psychosocial
burden was clearly associated with both outcomes at the
bivariate level, but it was not independently associated
with either outcome once pain and workload were
accounted for.

The association between pain and upper extremity
disability is consistent with evidence from comparable
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healthcare settings. The upper extremity is among the
most frequently affected regions in physiotherapists
(4), and prolonged hand-arm use has been linked to
musculoskeletal complaints in operating room nurses
(18). Our data add a quantitative gradient within a
single workforce delivering device-based treatments:
the correlation between pain intensity and QuickDASH
was the strongest association in the entire dataset, and
pain alone accounted for the largest share of explained
variance in the regression model. This supports the view
that repetitive manual tasks and device-based applications
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Table 4. Correlations between physical therapy modalities, application durations, sleep quality, and upper extremity disability

(n=65)
Part A. Sleep quality (PSQI global score and components)
Variable PsQigiobal | [l Oy |leteney | durbtion” | seep effcency
. r -0.068 0.119 -0.075 -0.313 -0.395
fhseer:;y“'”asound/ IER A P 0.345 0.552 0.011 0.001
q 0.755 0.571 0.755 0.188 0.056
r 0.278 0.018 0.167 0.254 0.193
Use of ESWT p 0.025 0.887 0.183 0.041 0.124
q 0.188 0.964 0.381 0.188 0.282
r 0.030 -0.019 -0.006 -0.244 0.028
Use of shortwave diathermy p 0.814 0.879 0.962 0.050 0.828
q 0.940 0.964 0.982 0.201 0.940
r 0.069 0.035 0.073 -0.104 -0.264
Daily ultrasound application time p 0.587 0.781 0.564 0.409 0.034
q 0.755 0.930 0.755 0.638 0.188
r 0.263 -0.002 0.168 0.256 0.212
Daily ESWT application time p 0.035 0.988 0.181 0.040 0.091
q 0.188 0.988 0.381 0.188 0.266
Part B. Sleep quality (continued) and upper extremity disability
peiEkls Ziss?tlxrstiiirc,es :ISeg:) L::::I,ifcation Z)nglu?\:zg:‘ © Qe 1 \?vlc‘)ircli(zmﬁsdtlxle
r 0.273 0.136 -0.147 -0.069 -0.155
tJhseer:;yuItrasound/TENS/mfrared . 0028 0282 0244 0582 0218
q 0.188 0.521 0.469 0.755 0.435
r 0.117 0.226 0.235 0.256 0.297
Use of ESWT p 0.354 0.071 0.060 0.039 0.016
q 0.571 0.221 0.201 0.188 0.188
r 0.199 -0.121 0.129 -0.046 -0.052
Use of shortwave diathermy p 0.111 0.338 0.304 0.715 0.683
q 0.282 0.571 0.543 0.872 0.853
r 0.198 0.202 0.010 -0.008 -0.091
Daily ultrasound application time p 0.114 0.107 0.934 0.947 0.471
q 0.282 0.282 0.982 0.982 0.714
r 0.085 0.193 0.234 0.237 0.287
Daily ESWT application time p 0.498 0.123 0.060 0.058 0.021
q 0.733 0.282 0.201 0.201 0.188

r: Spearman rank correlation coefficient; p: unadjusted two-sided p value; g: Benjamini-Hochberg false discovery rate-adjusted p-value computed within this table. Higher
PSQI and QuickDASH scores denote poorer sleep and greater disability, respectively. Modality use was coded 0= not used, 1= used; application time was coded as an ordinal
band (0= not applied to 6= 4-5 h). No association in this table remained significant after false discovery rate correction; these analyses are exploratory and hypothesis-

generating

ESWT: Extracorporeal shock wave therapy, PSQI: Pittsburgh Sleep Quality Index, QuickDASH: Quick disabilities of the arm, shoulder and hand questionnaire, TENS:

Transcutaneous electrical nerve stimulation
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Table 5. Correlations between sociodemographic variables, sleep quality, and upper extremity disability (n=65)

Part A. Sleep quality (PSQI global score and components)

Variable Psaigiobal | TN teney durstion” | leap effiency
r 0.094 0.062 0.026 0.038 -0.022
Age p |0.458 0.621 0.838 0.764 0.864
q 0.763 0.861 0.943 0.932 0.943
r -0.120 -0.050 -0.007 -0.101 -0.051
Sex p 0.343 0.691 0.953 0.422 0.684
q |0.713 0.909 0.981 0.741 0.909
ro|-0.114 -0.099 -0.015 0.006 0.014
Height p |0.365 0.434 0.903 0.962 0.914
q |0.713 0.748 0.952 0.981 0.952
r |-0.083 -0.041 0.039 -0.068 0.153
Weight p |0513 0.748 0.757 0.593 0.224
q |0.778 0.932 0.932 0.847 0.691
r | -0.146 -0.150 0.001 -0.056 0.020
Marital status p | 0.245 0.231 0.994 0.658 0.877
q | 0.691 0.691 0.994 0.890 0.943
r 0.267 0.274 0.141 0.022 0.179
Educational attainment p | 0.032 0.027 0.262 0.864 0.154
q 0.334 0.334 0.705 0.943 0.614
r -0.185 -0.175 -0.094 0.003 0.145
Smoking status p 0.139 0.163 0.458 0.980 0.249
q | 0.599 0.628 0.763 0.989 0.691
r 0.157 0.109 0.083 0.024 -0.153
Smoking amount p 0.212 0.386 0.511 0.851 0.223
q | 0.691 0.729 0.778 0.943 0.691
r | -0.064 0.086 -0.184 -0.028 0.121
Alcohol use p | 0614 0.493 0.142 0.824 0.339
q |0.861 0.771 0.599 0.943 0.713
r 0.068 -0.087 0.185 0.028 -0.120
Alcohol amount p | 0.591 0.490 0.139 0.824 0.339
q 0.847 0.771 0.599 0.943 0.713
Part B. Sleep quality (continued) and upper extremity disability
VENEL Ziss?tllrstl):l?\ges :Iseg:a l:'tsf:c?i]::ation z;s(Squ:::::;rT © QulckpAsk \?vlcj)ircli(zgztllle
r 0.114 0.412 -0.137 0.374 0.319
Age p | 0.367 <0.001 0.275 0.002 0.010
q |0.713 0.065 0.705 0.094 0.238
r -0.041 0.092 -0.264 -0.113 -0.232
Sex p 0.747 0.468 0.033 0.371 0.063
q 0.932 0.767 0.334 0.713 0.422
r -0.015 -0.102 -0.172 -0.133 -0.218
Height p 0.906 0.418 0.171 0.290 0.080
q | 0.952 0.741 0.633 0.713 0.473
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Table 5. Continued
Part B. Sleep quality (continued) and upper extremity disability
einelel Ziss?l.llrsklxiiges :ISegél::zc?if:ation z;s/?flu:i‘t):grr:‘ © S \?vl;ircli(?n:iiﬂle
r 0.020 -0.061 -0.247 -0.156 -0.130
Weight p | 0874 0.628 0.048 0.214 0.302
q 0.943 0.861 0.340 0.691 0.713
r -0.183 -0.255 -0.027 -0.307 -0.292
Marital status p 0.144 0.041 0.832 0.013 0.018
q 0.599 0.340 0.943 0.257 0.259
r 0.210 0.365 0.080 0.297 0.222
Educational attainment p | 0.093 0.003 0.527 0.016 0.076
q 0.515 0.094 0.786 0.259 0.473
r -0.204 -0.252 -0.138 0.023 0.074
Smoking status p |0.103 0.043 0.272 0.859 0.559
q 0.540 0.340 0.705 0.943 0.822
r 0.191 0.250 0.103 -0.024 -0.088
Smoking amount p | 0.127 0.045 0.412 0.849 0.487
q 0.599 0.340 0.741 0.943 0.771
r -0.107 0.148 -0.041 0.123 0.131
Alcohol use p | 0.397 0.240 0.749 0.329 0.297
q 0.735 0.691 0.932 0.713 0.713
r 0.115 -0.148 0.046 -0.116 -0.126
Alcohol amount p | 0.363 0.241 0.716 0.358 0.316
q 0.713 0.691 0.930 0.713 0.713
r: Spearman rank correlation coefficient; p: unadjusted two-sided p-value; g: Benjamini-Hochberg false discovery rate-adjusted p-value computed
within this table. Higher PSQI and QuickDASH scores denote poorer sleep and greater disability, respectively. Categorical variables were coded as
follows: sex, 1=female, 2= male; marital status, 1= married, 2= single; educational background, 2= two-year higher education program, 4= four-year
higher education programme; smoking status and alcohol use, 1= yes, 2= no; smoking and alcohol amount, 0= never, 1= occasionally, 2= frequently.
No association in this table remained significant after false discovery rate correction; these analyses are exploratory and hypothesis-generating
PSQI: Pittsburgh Sleep Quality Index, QuickDASH: Quick Disabilities of the Arm, Shoulder and Hand questionnaire

compromise upper extremity functional capacity in this
occupational group. The median QuickDASH score of 17.5
indicates mild to moderate disability across the sample
rather than isolated severe cases, and a recent synthesis
of preventive strategies for musculoskeletal disorders in
physiotherapy staff has emphasized that interventions are
most effective when targeted before symptoms reach the
level of functional loss (19).

Our findings on exposure point away from the device
and towards the organization of the working day. Neither
the type of modality applied nor its daily application time
distinguished participants with respect to any outcome
after adjustment for multiple testing, whereas years of
professional experience and working posture did. The null
findings may partly reflect the relatively homogeneous
exposure profile, with almost all participants delivering the
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same three modalities and daily application times clustering
within a narrow range; however, limited statistical power
cannot be excluded. This cumulative pattern contrasts
with two recent meta-analyses in which years of practice
were inversely related to neck and shoulder WRMSD
prevalence in nurses and surgeons (1,2). Two explanations
are plausible. Those syntheses report symptom prevalence,
whereas our outcome was functional disability; the two
do not necessarily move together. In addition, a healthy
worker survivor effect may operate in larger and more
mobile workforces, where affected staff transfer out of
the most demanding roles; in a single small unit with
limited role mobility, such selective attrition is less likely,
so cumulative exposure may remain visible. Analyses
in industrial populations have similarly concluded that
physical and organizational workload dimensions must
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Table 6. Factors associated with upper extremity disability (square-root-transformed QuickDASH score): multivariable linear
regression analysis (n=65)

Variable B SE 95% Cl for B Standardized p | t p VIF/tolerance
Upper extremity pain (NRS) 0.476 | 0.096 | 0.285to0 0.667 | +0.46 498 | <0.001 | 1.65/0.60
Years of professional experience 0.051 | 0.021 | 0.009 to 0.094 | +0.20 2.42 |0.019 1.29/0.77
PSQI global score 0.166 | 0.066 | 0.034 to 0.299 | +0.22 2.52 | 0.015 1.43/0.70
ProQOL-compassion fatigue 0.032 | 0.020 | -0.008 to 0.073 | +0.13 1.61 | 0.114 1.27/0.79
Maintaining appropriate body posture (1=yes, 2=no) | 0.854 | 0.341 | 0.171to 1.537 | +0.19 2.50 | 0.015 1.16/0.86

Model statistics: R?=0.691; adjusted R?=0.665; F(5, 59)=26.37; p<0.001. Durbin-Watson =1.81. Shapiro-Wilk test of residuals p=0.136. Maximum Cook’s distance =0.212.
The model included 5 predictors, corresponding to approximately 13.0 participants per predictor.

The dependent variable was square-root transformed because the residuals of the untransformed model were not normally distributed (Shapiro-Wilk p<0.001); after
transformation the assumption was met. Candidate predictors were selected on the basis of clinical relevance and bivariate associations at p<0.10. To limit overfitting, the
number of predictors was capped at five, corresponding to approximately 13 participants per predictor. Neck pain and age were not entered because of collinearity with
upper extremity pain (rho=0.66) and with years of professional experience (rho=0.85), respectively. Variables were entered simultaneously (enter method)

B: Unstandardized regression coefficient, Cl: Confidence interval, NRS: Numeric Rating Scale, ProQOL: Professional Quality of Life Scale, PSQI: Pittsburgh Sleep Quality
Index, QuickDASH: Quick disabilities of the arm, shoulder and hand questionnaire, SE: Standard error, VIF: Variance inflation factor

Table 7. Factors associated with sleep quality (PSQI global score): multivariable linear regression analysis (n=65)

Variable B SE 95% Cl for B Standardized f t p VIF/tolerance
Upper extremity pain (NRS) 0.521 0.147 0.226 t0 0.816 +0.39 3.54 <0.001 1.20/0.83
Self-reported sleep duration -1.648 0.559 -2.767 t0-0.530 -0.30 -2.95 0.005 1.07/0.94
ProQOL-burnout 0.068 0.057 -0.047 t0 0.183 +0.16 1.19 0.240 1.75/0.57
ProQOL-compassion fatigue 0.024 0.043 -0.063t0 0.111 +0.07 0.55 0.581 1.79/0.56
Educational attainment 0.390 0.312 -0.236 to 1.015 +0.14 1.25 0.217 1.18/0.85

Model statistics: R?=0.412; adjusted R?=0.363; F(5, 59)=8.28; p<0.001. Durbin-Watson =2.39. Shapiro-Wilk test of residuals p=0.204. Maximum Cook’s distance =0.162.
The model included 5 predictors, corresponding to approximately 13.0 participants per predictor.

Candidate predictors were selected on the basis of clinical relevance and bivariate associations at p<0.10, with the number of predictors capped at five to limit overfitting.
Neck pain was not entered because of collinearity with upper extremity pain (rho=0.66). Variables were entered simultaneously (enter method)

B: Unstandardized regression coefficient, Cl: Confidence interval, NRS: Numeric Rating Scale, ProQOL: Professional Quality of Life Scale, PSQI: Pittsburgh Sleep Quality

Index, QuickDASH: Quick disabilities of the arm, shoulder and hand questionnaire, SE: Standard error, VIF: Variance inflation factor

be considered jointly rather than reduced to a single task
descriptor (5,7). The practical implication is that ergonomic
programs for this group should target rotation, scheduled
recovery between applications, workstation height, and
patient positioning rather than the individual device.

The pain-sleep findings extend a well-characterized
relationship to a new occupational group. A bidirectional
association between sleep problems and chronic
musculoskeletal pain has been established in a meta-
analysis (6), and sleep quality has been proposed as a
mediator between psychosocial burden and multisite
musculoskeletal pain in healthcare workers (7,20). Our
sample can be benchmarked directly against comparable
staff: 58.5% had a PSQI global score above 5 and the
median global score was 6, close to the mean of 7.0
recently reported in physiotherapists working in a
physical medicine and rehabilitation clinic (8). Notably,
that study also identified longer work tenure as a
correlate of poorer sleep, replicating the association we
observed between years of professional experience and
use of sleep medication. Our data further demonstrate
directional relationships within a single cohort: the PSQI
global score was independently associated with upper
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extremity disability, while pain intensity was independently
associated with the PSQI global score. This reciprocal
specification should be interpreted with caution, since
the PSQI global score is a predictor in one model and the
outcome in the other, and the two models therefore do not
provide independent confirmation of one another. A 2026
narrative review has described the neurophysiological and
behavioral pathways through which the pain-sleep loop is
maintained (21), and a pragmatic stepped framework for
screening sleep dysfunction in musculoskeletal practice has
recently been proposed (22); given that more than half of
our sample screened positive, incorporating such a screen
into occupational health assessment for this workforce
is clinically justified. Longer self-reported sleep duration
was independently associated with better sleep quality;
however, because sleep duration was recorded in ordinal
bands and 98% of the sample fell into just two of these
bands, this association should not be overinterpreted.
The psychosocial findings require a more cautious
reading than the bivariate results alone would suggest.
Compassion fatigue was associated with upper extremity
disability, sleep disturbances, and use of sleep medication,
while burnout was associated with disability and use
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of sleep medication; all associations persisted after
correction for multiple testing; however, neither subscale
remained independently associated with the outcomes
once pain intensity and workload were entered into the
models. Two interpretations are compatible with this
pattern. Psychosocial burden may act largely through pain
rather than alongside it, which would be consistent with
reports that sleep quality partially mediates the path from
burnout to multisite musculoskeletal pain in healthcare
workers (20). Cross-sectional studies published in 2025
report the same clustering in nursing staff, both between
sleep quality and burnout symptoms (23) and between
professional quality of life measured with the ProQOL
and sleep quality (24). Alternatively, the present sample
may have been too small to separate the two, particularly
given that the burnout subscale showed only modest
internal consistency in the Turkish validation study (15).
Nonetheless, the association is real at the descriptive level
and warrants attention in occupational health assessment,
but our data do not support the stronger claim that burnout
independently determines disability or sleep quality in this
group. Prospective studies with formal mediation analysis
are needed to distinguish these possibilities.

Study Limitations

This study has several limitations. The cross-sectional
design does not allow causal or temporal inferences;
our findings are equally compatible with pain impairing
sleep, poor sleep amplifying pain and disability, or a
third factor driving both. The study was conducted at
a single center with 65 participants and could reliably
detect only medium-sized effects (r>0.34), so weaker
but clinically relevant associations may have been missed
and the findings describe this workforce rather than
the occupational group in general. Participation was
voluntary and the total number of eligible personnel
could not be retrieved retrospectively; therefore, the
participation rate could not be calculated, and volunteer
bias cannot be excluded. All exposures and outcomes
were self-reported, without clinical examination or
objective measurement of workload, which may
introduce recall and social desirability biases and may
inflate associations between instruments completed in
the same session; in addition, the NRS captures pain
intensity but not duration or chronicity. All participants
worked day shifts only, so shift work could not confound
the sleep findings; by the same token, the results may
not extend to rehabilitation staff working rotating or
night schedules. Finally, the large number of bivariate
comparisons increases the risk of type | error. A false
discovery rate correction was applied. Because no
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association in the modality or sociodemographic tables
survived correction, those analyses should be regarded
as exploratory and hypothesis-generating.

Despite these limitations, this study has notable strengths.
To our knowledge, it is the first study to examine upper
extremity pain, disability, sleep quality, and professional
quality of life together in healthcare workers whose daily
work consists of delivering physical therapy modalities. All
participants were assessed with validated Turkish instruments
under standardized conditions, and complete data were
available for all analyzed participants. Both regression
models were specified with an a priori cap on predictors;
assumptions, collinearity diagnostics, and influence statistics
were reported in full. Correction for multiple testing was
applied throughout, and reporting follows the STROBE
statement, which should facilitate replication elsewhere.

Conclusion

In this single-center, cross-sectional sample of
healthcare workers delivering physical therapy modalities,
upper extremity and neck pain intensity was the variable
most consistently associated with both upper extremity
disability and sleep quality, and it remained independently
associated with each after adjustment. Years of professional
experience and failure to maintain an appropriate working
posture were independently associated with greater
disability, whereas neither the modality applied nor its
daily application time distinguished between participants
once multiple testing was accounted for. Burnout and
compassion fatigue were associated with disability and
sleep disturbance at the bivariate level but were not
independently associated with the outcomes alongside
pain and workload. These associations are cross-sectional
and do not establish causality. They suggest, however, that
occupational health assessment for this workforce should
focus on the organization of the working day and working
posture rather than on the individual device and that a
brief sleep screen may be warranted, given that more
than half of the participants reported poor sleep quality.
Longitudinal multicenter studies are required before any
preventive strategy for this group can be recommended
with confidence.
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Abstract

Aim: lodine imbalance may affect thyroid function in children, but its role in suspected thyroid dysfunction in children remains unclear.
This study aimed to evaluate urinary iodine status and its relationship with thyroid functional status in a pediatric endocrine referral
cohort.

Methods: This retrospective cross-sectional study included 516 children and adolescents who were evaluated between April 2020 and
April 2026. Urinary iodine concentration (UIC), thyroid function tests, thyroid autoantibodies, anthropometric data, pubertal status,
and thyroid ultrasonography findings were reviewed. Comparisons across UIC categories were adjusted for multiple testing using the
Benjamini-Hochberg false discovery rate (FDR) procedure. Univariable and multivariable logistic regression analyses were performed to
identify factors independently associated with thyroid dysfunction and iodine deficiency.

Results: Median UIC was 150 pg/L, with 34.1% of patients having UIC <100 pg/L and 8.5% having UIC >300 ug/L. Urinary iodine
concentration categories were similarly distributed across groups with normal thyroid function, subclinical hypothyroidism, and overt
hypothyroidism. Age and pubertal status differed significantly across UIC categories after FDR correction. Body mass index category
was independently associated with iodine deficiency, whereas urinary iodine status was not independently associated with thyroid
dysfunction.

Conclusion: In this referral-based pediatric cohort, the median UIC indicated overall iodine sufficiency, but individual iodine status
varied widely. Spot UIC was not clearly related to thyroid function, thyroid autoimmunity, or ultrasonographic abnormalities. It may
identify background nutritional variability but should not be used alone to explain thyroid-stimulating hormone elevation.

Keywords: Hypothyroidism, thyroid diseases, 1odine, child, adolescent

Introduction physiological variations (1,4-6). lodine is an essential
micronutrient required for thyroid hormone synthesis, and
both iodine deficiency and iodine excess may adversely
affect thyroid function (7-9). Urinary iodine concentration
(UIC) is widely accepted as a practical biomarker of recent
iodine intake and is recommended by the World Health
Organization (WHO) for assessing iodine status at the
population level (7).

Subclinical hypothyroidism (SCH) is defined as an
elevated serum thyroid-stimulating hormone (TSH)
concentration in the presence of normal circulating free
thyroxine (fT4) levels (1,2). It affects approximately 3%
of children and adolescents and is a common reason for
referral to pediatric endocrinology clinics (3). Although

the clinical course of SCH in children is often benign and Alterations in iodine intake may affect thyroid
may remain stable or resolve spontaneously, its etiology physiology, including thyroid hormone production and
is heterogeneous and includes autoimmune thyroiditis, thyroid morphology (7). Although iodine deficiency

iodine imbalance, obesity, genetic factors, and transient remains an important public health concern in some

Corresponding Author: Seniha Kiremitci Yilmaz, MD, University of Health Sciences Tirkiye, Istanbul Haseki Training and Research Hospital, Clinic of Pediatric
Endocrinology, Istanbul, Tirkiye

E-mail: skyilmaz.dr@gmail.com ORCID: orcid.org/0000-0002-9146-4809

Received: 09.06.2026 Accepted: 18.08.2026 Publication Date: 24.09.2026

Cite this article as: Kiremitci Yilmaz S, Hasankhanli I. Urinary iodine concentration and thyroid function in children and adolescents: a cross-sectional study. Med
Bull Haseki. 2026;64(4):285-292

@@@@ “Copyright 2026 The Author(s). Published by Galenos Publishing House on behalf of Istanbul Haseki Training and Research Hospital.
BY Ne Mo This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

285


https://orcid.org/0000-0002-9146-4809
https://orcid.org/0009-0006-2919-084X

Kiremitci Yilmaz and Hasankhanli. lodine Status in Pediatric Thyroid Dysfunction

pediatric populations, excessive iodine exposure may
also be associated with thyroid dysfunction, particularly
susceptible individuals (7). Previous studies of childhood
SCH predominantly focused on its natural course, thyroid
autoimmunity, and predictors of progression to overt
hypothyroidism (1,3). However, data on iodine status
and its relationship with the biochemical, clinical, and
ultrasonographic characteristics of thyroid dysfunction
are limited among children referred to a pediatric
endocrinology clinic for suspected thyroid dysfunction.
Evaluation of UIC together with thyroid function tests,
thyroid autoantibodies, anthropometric characteristics,
pubertal status, and thyroid ultrasonography may
therefore provide a more comprehensive understanding
of the potential role of iodine imbalance in these patients.

We hypothesized that iodine imbalance, reflected by
low or high UIC, could be associated with biochemical
and ultrasonographic features of thyroid dysfunction in
children and adolescents referred for suspected thyroid
dysfunction. Therefore, this study aimed to determine UICs
in these patients and to investigate associations between
UIC and anthropometric measurements, pubertal status,
serum free triiodothyronine (fT3), fT4, and TSH levels,
thyroid autoantibodies, and thyroid ultrasonographic
findings. By clarifying the clinical relevance of UIC in this
setting, our findings may contribute to a more appropriate
interpretation of iodine status and help refine the
evaluation of children presenting with TSH elevation in
pediatric endocrine practice.

Materials and Methods

Compliance with Ethical Standards

This study was conducted in accordance with the
principles of the Declaration of Helsinki. The study protocol
was approved by the University of Health Sciences
Turkiye, Istanbul Haseki Training and Research Hospital
Non-Interventional Clinical Research Ethics Committee
(approval no: 120-2026, date: 13.05.2026).

Study Design and Participants

This  single-center,  retrospective,  cross-sectional
observational study was conducted in the pediatric
endocrinology outpatient clinic. Children and adolescents
referred to our clinic between April 2020 and April 2026
for evaluation of suspected thyroid dysfunction were
screened for eligibility. At the index outpatient visit, all
referred patients underwent a standardized evaluation,
including thyroid function tests, thyroid autoantibody
measurements, UIC, and thyroid ultrasonography. Patients
with complete clinical, laboratory, and imaging data were
included unless they met any of the predefined exclusion
criteria.
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Subclinical hypothyroidism was defined as an elevated
serum TSH concentration with a normal serum T4
level. Overt hypothyroidism was defined as an elevated
TSH concentration accompanied by a low serum fT4
level. Patients were excluded if they had congenital
hypothyroidism, were receiving levothyroxine treatment,
had undergone thyroid surgery, had an acute infectious
condition at the time of evaluation, had a chronic systemic
disease, were using medications known to interfere with
thyroid function tests, or had missing urinary iodine
measurements or other essential clinical data.

Data Collection

Demographic,  anthropometric,  laboratory, and
imaging data were obtained from medical records. The
recorded variables included age, sex, pubertal status,
anthropometric measurements, serum TSH, T3, fT4, anti-
thyroid peroxidase antibody (anti-TPO), anti-thyroglobulin
antibody (anti-Tg), hemoglobin, mean corpuscular
volume, urinary iodine and creatinine levels, and thyroid
ultrasonography findings.

Anthropometric and Pubertal Assessment

Body weight was measured using a digital scale, and
height was measured with a stadiometer. Body mass index
(BMI) was calculated as weight in kilograms divided by
the square of height in meters (kg/m?). Anthropometric
measurements were evaluated according to national
age- and sex-specific reference standards and standard
deviation scores were calculated using software (www.
ceddcozum.com). For subgroup analyses, BMI was
categorized as underweight (<5 percentile), normal
weight (5" to <85™ percentile), and overweight/obesity
(=85™ percentile) according to age- and sex-specific BMI-
for-age percentiles (10). Pubertal status was assessed
according to Tanner staging (11,12).

Thyroid Examination and Ultrasonography

Thyroid enlargement on physical examination was
graded according to the WHO,/UNICEF/ICCID classification
as grade 0 (no palpable or visible goiter), grade 1 (palpable
but not visible), or grade 2 (clearly visible in the normal neck
position) (13). Thyroid ultrasonography was performed
using a Mindray Resona 9 ultrasound system with an L15-
3WU linear probe. Thyroid gland dimensions, echogenicity,
parenchymal heterogeneity, and the presence of nodules
were evaluated. Thyroid gland size was assessed according
to age- and sex-specific reference values, and thyroid
enlargement was defined as a thyroid volume SDS >2 (14).

Laboratory Measurements

Urinary iodine concentration was measured in spot
urine samples and expressed in pg/L. According to WHO
criteria, iodine status was classified as severe deficiency
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(<20 pg/L), moderate deficiency (20-49 pg/L), mild
deficiency (50-99 ng/L), adequate intake (100-199 pg/L),
intake above requirements (200-299 ug/L), or excessive
intake (=300 pg/L). For analytical comparisons, UIC was
also categorized as low (<100 pg/L), normal (100-299
ug/L), and high (=300 pg/L).

Urinary iodine concentrations were measured by
inductively coupled plasma-mass spectrometry using a
method accredited by the Turkish Accreditation Agency.
Serum fT3, fT4, TSH, anti-TPO, and anti-Tg were analyzed
on the Atellica IM1600 Immunoassay System (Siemens
Atellica IM Analyzer) using competitive biotinylated
rabbit polyclonal immunoassays based on direct
immunochemiluminescence technology. The analytical
sensitivities were 0.1 ng/dL for fT4, <0.2 pg/mL for fT3,
and <0.01 mIU/L for TSH. Intra- and inter-assay coefficients
of variation were <6% for fT4, <15% for fT3, and <5%
for TSH. Thyroid autoantibody positivity was defined as
the presence of anti-TPO and/or anti-Tg according to the
laboratory reference ranges.

Statistical Analysis

The primary outcome was UIC among children
and adolescents referred for evaluation of suspected
thyroid  dysfunction. Secondary analyses evaluated
the associations between UIC and anthropometric
characteristics, pubertal status, thyroid function tests,
thyroid autoantibodies, thyroid examination findings,
and thyroid ultrasonographic features. The normality
of continuous variables was assessed using the Shapiro-
Wilk test. Normally distributed continuous variables were
presented as mean + standard deviation, whereas non-
normally distributed variables were expressed as median
interquartile range, as appropriate. Continuous variables
were compared using Student’s t-test or the one-way
ANOVA for normally distributed variables and the Mann-
Whitney U test or the Kruskal-Wallis test for non-normally
distributed variables. Categorical variables were compared
using the Pearson chi-square test; when appropriate, the
likelihood-ratio and linear-by-linear association tests were
used to evaluate categorical associations and ordered
trends, respectively. Thus, the principal statistical analyses
comprised between-group comparisons of continuous and
categorical variables and correlation analyses examining the
relationships between UIC and clinical, biochemical, and
ultrasonographic parameters. Correlations were assessed
using Pearson or Spearman correlation coefficients, as
appropriate. To account for multiple comparisons across
clinical, anthropometric, biochemical, and ultrasonographic
variables evaluated among UIC categories, p-values were
adjusted using the Benjamini-Hochberg false discovery
rate (FDR) procedure; an FDR-adjusted p-value <0.05 was
considered statistically significant.
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Univariable and multivariable binary logistic regression
analyses were performed to identify factors associated
with thyroid dysfunction, defined as SCH or overt
hypothyroidism. Age was entered as a continuous
variable, whereas sex, pubertal status, BMI category,
urinary iodine status, thyroid autoantibody positivity, and
thyroiditis were entered as categorical variables. Urinary
iodine status was categorized as <100, 100-299, and
=300 pg/L. Results were expressed as odds ratios (ORs)
with 95% confidence intervals (Cls). Multivariable binary
logistic regression analysis was also performed to identify
factors independently associated with iodine deficiency.
Age was entered as a continuous variable, whereas BMI
category, pubertal status (prepubertal vs. pubertal), sex,
thyroid autoantibody positivity, and thyroiditis were
entered as categorical variables. Analyses were performed
on an available-case basis for each variable; therefore,
denominators varied across comparisons. A two-sided
p-value <0.05 was considered statistically significant.
Statistical analyses were performed using IBM SPSS
Statistics, version 22.0 (IBM Corp., Armonk, NY, USA).

Results

Patient Characteristics

A total of 739 children and adolescents were screened
for eligibility. Of these, 516 were included in the final
analysis (Figure 1). The median age was 10 (6-13) years;
300 (58%) were female and 216 (42%) were male; 267
(51.7%) were pubertal (Table 1).

Thyroid Function and Autoantibody Status

At initial evaluation, 282 (54.6%) patients had normal
thyroid function, 191 (37.0%) had SCH, and 43 (8.3%)
had overt hypothyroidism. Thyroid autoantibody positivity
differed significantly across thyroid function groups and
was lowest in patients with SCH (16%) and highest
in those with overt hypothyroidism (30%) (p=0.042).
Autoantibody-positive patients were older (p<0.001) and
had lower fT4 levels (p=0.011), whereas UIC (p=0.706)
and TSH levels (p=0.166) were comparable between
autoantibody-positive and autoantibody-negative patients.
Thyroid autoantibody positivity was also similar across UIC
categories (p=0.742) (Table 1).

Thyroid
Findings

Examination and Ultrasonographic

Assessment of goiter was available for 465 patients;
goiter was present in 73/465 (15.7%). Thyroid
ultrasonography was available for 437 patients: thyroid
enlargement was detected in 40 (9.1%) patients,
thyroiditis-related findings were detected in 165 patients
(37.7%), and thyroid nodules were detected in 51
(11.6%) patients. Ultrasonographic findings did not differ
significantly across UIC categories (Table 1).
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Urinary lodine Status

The median UIC was 150 pg/L. Overall, 176 (34.1%)
patients had iodine deficiency (UIC <100 ng/L), 296
(57.2%) had UIC values of 100-299 ug/L, and 44 (8.5%)

Figure 1. Study flow diagram

had excessive iodine status (UIC =300 upg/L). Urinary

Children and adolescents referred to the pediatric endocrinology outpatient

clinic for

thyroid dysfunction between April 2020 and April 2026 (n = 739)

l

|

Excluded at screening
(n=223)

Reasons for exclusion:
* Missing UIC data (n = 186)

* Receiving levothyroxine treatment (n = 31)

* Chronic systemic disease (n = 6)

Included in the final study population

(n=516)
Goiter assessment available Thyroid ultrasonography data available
(n=465 (n=437)

UIC: Urinary iodine concentration

iodine concentration categories were similarly distributed
across the normal thyroid function, SCH, and overt
hypothyroidism groups (p=0.801) (Table 2).

Table 1. Clinical and biochemical characteristics according to grouped UIC categories

Variable UIC<100 pg/L UIC 100-299 ng/L UIC =300 png/L Raw FDR-adjusted
(n=176) (n=296) (n=44) p-value p-value
Age, years 10.1 (6-13) 10.4 (7-14) 6.9 (1-12) <0.001 <0.010
Sex, female/male, n 103/73 165/129 30/14 0.314 0.449
Pubertal status, prepubertal/pubertal, n 92/84 128/167 29/15 0.009 0.045
BMI SDS 0.41+1.41 0.22+1.33 -0.15£1.72 0.043 0.108
Height SDS -0.08£1.15 -0.13+£1.11 -0.18+1.16 0.966 0.966
TSH, mIU/L 5.13+4.53 4.85+4.17 5.07+2.91 0.216 0.432
T4, ng/dL 12.0+£1.8 12.6%4.2 13.0£2.4 0.034 0.108
Thyroid autoantibody positivity, n 37/153 60/267 7/38 0.742 0.824
Thyroid enlargement positivity, n 18/154 20/251 2/32 0.430 0.538
Thyroid nodule positivity, n 19/154 31/251 1/32 0.294 0.449

Data are presented as median (IQR), mean + SD, or n, as appropriate. Denominators vary across variables because of missing data. Continuous variables were compared
using one-way ANOVA or the Kruskal-\Wallis test, as appropriate according to data distribution, and categorical variables were compared using Pearson'’s chi-square test.
p-values for comparisons across UIC categories were adjusted for multiple testing using the Benjamini-Hochberg false discovery rate procedure. An FDR-adjusted p-value
<0.05 was considered statistically significant
BMI: Body-mass index, FDR: False discovery rate, fT4: Free thyroxine, IQR: Interquartile range, SDS: Standard deviation score, TSH: Thyroid stimulating hormone, UIC: Urinary
jodine concentration, ANOVA: Analysis of variance

Table 2. Urinary iodine concentration categories and median UIC across thyroid function group

Thyroid function group gl(f/:)mo ng/L :‘:;7320(;2?9 gI(C%§300 ng/L p'-value ::,ng(ﬁ_i?:(‘)g;c' p*value
Normal thyroid function (n=282) 95 (33.8) 165 (58.7) 21(7.5) 0.801 145 (81-182) 0.606
SCH (n=191) 64 (33.5) 108 (56.5) 19 (9.9) 156 (83-185)

Overt hypothyroidism (n=43) 17 (39.5) 22 (51.2) 4(9.3) 158 (70-196)

Data are presented as n (%) or median (IQR), as appropriate. 'The distribution of UIC categories across thyroid function groups was compared using Pearson’s chi-square
test. 2Median UIC values across thyroid function groups were compared using the Kruskal-Wallis test. A two-sided p-value <0.05 was considered statistically significant
IQR: Interquartile range, SCH: Subclinical hypothyroidism, UIC: Urinary iodine concentration
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Urinary iodine levels were comparable between females
and males. Patients with UIC =300 pg/L were younger
and were frequently prepubertal. Age and pubertal status
remained significantly different across UIC categories
after FDR correction (adjusted p<0.010 and p=0.045,
respectively) (Table 1). Body mass index category was
not significantly associated with UIC category, according
to Pearson’s chi-squared test (p=0.070). Urinary iodine
concentration values decreased across BMI categories,
from 186 (100-206) pg/L in underweight children to 156
(85-183) ng/L in normal-weight children and to 132 (68-
170) pg/L in children with overweight/obesity; however,
this difference did not remain statistically significant after
FDR correction (raw p=0.034, adjusted p=0.108).

Multivariable binary logistic regression analysis showed
that BMI category was independently associated with
iodine deficiency (overall p=0.010). Compared with
children who were overweight or obese, underweight
children (OR=0.338, 95% Cl: 0.135-0.847, p=0.021)
and normal-weight children (OR=0.484, 95% Cl: 0.288-
0.813, p=0.006) had lower odds of iodine deficiency. Age,
pubertal status, sex, thyroid autoantibody positivity, and
thyroiditis were not independently associated with iodine
deficiency (all p>0.05).

For analytical comparison, UIC was also categorized as
low (<100 pg/L), normal (100-299 pg/L), and high (=300
ug/L). Mean fT4 levels differed across UIC categories
in the unadjusted analysis (p=0.034); however, this
difference was no longer statistically significant after FDR
correction (adjusted p=0.108) (Table 1). No significant
differences were observed in sex, height SDS, fT3, TSH,
anti-TPO, anti-Tg, and thyroid volume across UIC groups.
Similarly, thyroid enlargement, ultrasonographic findings
of thyroiditis, and presence of thyroid nodules were
comparable among iodine categories (Table 1). Urinary
iodine concentration was not significantly correlated
with thyroid function parameters, thyroid autoantibodies,
thyroid ultrasonographic findings, height SDS, or BMI SDS.

A univariable binary logistic regression analysis showed
that age and pubertal status were significantly associated
with thyroid dysfunction. Each one-year increase in age
was associated with a 9.7% decrease in the odds of
thyroid dysfunction (OR=0.903, 95% Cl: 0.869-0.938,
p<0.001), while pubertal children had significantly
lower odds than prepubertal children (OR=0.451, 95%
Cl: 0.317-0.643, p<0.001). Sex, thyroid autoantibody
positivity, thyroiditis, UIC, BMI category, and goiter were
not significantly associated with thyroid dysfunction (all
p>0.05). However, in the multivariable binary logistic
regression model, age, pubertal status, sex, urinary iodine
status, thyroid autoantibody positivity, thyroiditis, and BMI
category were not independently associated with thyroid
dysfunction. After adjustment for other covariates, urinary
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iodine status was not significantly associated with thyroid
dysfunction (overall p=0.410).

Discussion

Although the median UIC in our cohort was 150
pg/L, indicating iodine sufficiency at the population level
according to WHO criteria, the distribution of iodine status
was clearly heterogeneous (15). More than one-third of the
patients had UIC <100 pg/L, whereas 8.5% had UIC =300
pg/L. This coexistence of iodine deficiency and excess,
despite an adequate population-level median, represents
one of the main findings of our study and emphasizes
that a sufficient median UIC does not imply uniform iodine
sufficiency at the individual level. Compared with Turkish
data, our median UIC was within the range previously
reported in pediatric populations (107-175 ng/L) (16-18).
A similar heterogeneous pattern was recently reported
by Baladastian et al. (19), who observed both iodine
deficiency (19.6%) and excessive iodine status (14.0%)
despite overall adequate iodine nutrition (median UIC
of 190 ug/L). These findings suggest that contemporary
pediatric populations may exhibit substantial variability
in iodine exposure even in settings considered iodine-
sufficient.

The iodine profile observed in our cohort should
also be interpreted in the context of the clinically
selected population. International studies have reported
considerable variation in pediatric UIC across iodine-
sufficient and high-exposure settings (20). However, direct
comparison of absolute UIC values across populations
may be of limited value because dietary iodine sources,
iodized salt use, supplement exposure, age distribution,
and sampling characteristics differ substantially between
studies. More importantly, our cohort consisted of children
referred for suspected thyroid dysfunction, rather than
being a population-based sample. Thus, the heterogeneity
observed in our study may reflect both background iodine
exposure and the characteristics of children referred to
pediatric endocrinology practice.

A clinically important observation was that the
heterogeneous iodine distribution did not translate into
a corresponding difference in thyroid function status.
Children with normal thyroid function, SCH, and overt
hypothyroidism showed broadly similar distributions
across iodine categories, suggesting that neither iodine
deficiency nor iodine excess alone adequately explains
mild thyroid dysfunction in this referral population. This
finding differs from some pediatric studies in which either
excessive or insufficient iodine exposure was associated
with thyroid dysfunction. Yang et al. (21) reported
associations between prolonged high iodine exposure and
increased thyroid volume and hyperthyrotropinemia, while
Korean and Nepalese studies also suggested relationships
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between iodine excess and thyroid dysfunction (22,23).
lodine deficiency also remains a recognized cause of
acquired hypothyroidism in children, particularly in iodine-
deficient settings (6). The differing findings across studies
suggest that the thyroid response to iodine may depend
not only on the amount of exposure but also on the
duration of exposure, background iodine status, individual
susceptibility, and population characteristics. A single spot
UIC measurement in our study may, therefore, capture
recent exposure without fully reflecting the longer-term
iodine environment relevant to thyroid dysfunction.

In our cohort, children with excessive UIC were
younger, and higher-UIC groups had a larger proportion of
prepubertal children. Importantly, differences in age and
pubertal status across UIC categories remained significant
after correction for multiple tests. Age-related differences
in diet, parent-directed feeding, nutritional supplement use,
body size, fluid turnover, and urinary iodine handling may
contribute to variation in spot UIC. Previous studies have
reported different age-related patterns, including greater
iodine deficiency in younger children and increasing iodine
excess with age (24,25). This inconsistency supports
the interpretation that the relationship between age
and UIC is population-specific rather than universal. In
clinical practice, age and pubertal stage may therefore be
important contextual factors when interpreting spot UIC
values in children.

The findings related to BMI require a similar
interpretation. Although BMl-related differences across
UIC groups were not statistically significant, the BMI
category remained independently associated with iodine
deficiency. Children with overweight or obesity had
higher odds of iodine deficiency than normal-weight or
underweight children. Children with overweight/obesity
may differ from their normal-weight or underweight peers
in dietary composition, consumption of iodine-containing
foods, supplement use, and hydration patterns, all of
which may influence spot UIC. Some pediatric studies
have similarly reported lower UIC among children with
overweight/obesity (26), whereas other studies, including
recent data, have not identified BMI as an independent
predictor of low UIC (19,24). The inconsistency across
populations, together with the cross-sectional nature of
our data, argues against a direct causal interpretation
and suggests that BMI may instead act as a marker of
differences in diet, lifestyle, or iodine exposure.

Our analyses further strengthen the conclusion
that spot UIC has limited explanatory value for thyroid
dysfunction in this cohort. This is consistent with studies
showing that spot UIC does not necessarily result in
abnormal thyroid function tests in children (27,28).

The lack of a link between iodine status and thyroid
autoimmunity suggests that recent iodine exposure
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was not a significant factor in thyroid abnormalities in
this cohort. Thyroid autoantibody levels and thyroiditis-
related ultrasonographic findings were not clearly related
to UIC. Previous pediatric data have similarly failed to
demonstrate a consistent association between iodine
status and thyroid autoimmunity (29), although iodine
excess has been associated with autoimmune thyroid
disease in other settings (30,31). One possible explanation
is that autoimmune thyroid disease reflects longer-term
interactions between genetic susceptibility, immune
mechanisms, and environmental exposures, whereas a
single spot UIC measurement reflects only recent iodine
intake. Therefore, the absence of an association in our
study does not exclude a potential effect of prolonged
iodine exposure on thyroid autoimmunity.

The ultrasonographic findings should be interpreted
within the same temporal framework. Structural thyroid
changes are likely to reflect cumulative influences of
growth, developmental stage, autoimmunity, and longer-
term environmental exposures rather than short-term
fluctuations in iodine intake. Consequently, the absence of
a relationship between spot UIC and thyroid enlargement,
thyroiditis-related changes, or nodules in our cohort
is biologically plausible. In healthy Turkish school-age
children from an iodine-sufficient region, thyroid volume
was reported to correlate more strongly with age and
anthropometric variables than with UIC itself (32). More
recently, Pang et al. (9) demonstrated the relevance of
anthropometric characteristics to thyroid morphology in a
large iodine-sufficient pediatric population. Together, these
observations suggest that a single UIC measurement may
have limited ability to explain structural thyroid findings in
children.

From a clinical perspective, our findings argue against
using a single spot UIC value as a direct explanation
for mild TSH elevation in children referred to pediatric
endocrinology. Rather, UIC appears to provide contextual
information about recent iodine exposure. The
coexistence of deficiency and excess in the same referral
population may justify considering iodine exposure when
evaluating selected patients, but such interpretation
should be integrated with thyroid function tests, thyroid
autoantibodies, clinical findings, dietary and supplement
history, and, when indicated, ultrasonographic findings.
The lack of an independent association between iodine
status and thyroid dysfunction further supports this
comprehensive, rather than UlC-centered, approach.

Study Limitations
The retrospective cross-sectional design of the
study precluded causal inference, and the single-center

setting may limit the generalizability of the findings. In
addition, spot UIC reflects recent iodine intake and shows
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substantial intra-individual variability, limiting individual-
level interpretation. Dietary iodine intake, supplement use,
iodized salt exposure, and other potential sources of iodine
were not systematically assessed. These unmeasured
exposures are particularly relevant to the observed
associations with age, pubertal status, and BMI, and they
limit our ability to determine the mechanisms underlying
these relationships. Moreover, the relatively small number
of children with excessive iodine status may have limited
the ability to detect associations within this subgroup.

Despite these limitations, the study has several
strengths. The relatively large pediatric referral cohort
allowed simultaneous assessment of iodine status,
thyroid function, thyroid autoimmunity, anthropometric
characteristics, pubertal stage, and thyroid ultrasonographic
findings within the same clinical population. In addition,
correction for multiple testing reduced the likelihood of
interpreting chance findings as meaningful associations,
while multivariable regression analyses allowed the
principal relationships to be evaluated after accounting
for relevant covariates. Together, these methodological
features provide a more conservative assessment of the
clinical relevance of spot UIC in children referred for
suspected thyroid dysfunction.

Conclusion

The median spot UIC was consistent with overall iodine
sufficiency in this referral-based pediatric cohort, despite
substantial interindividual variability in iodine status.
Importantly, this heterogeneity in iodine exposure was not
associated with thyroid dysfunction, thyroid autoimmunity,
or ultrasonographic abnormalities after adjustment for
relevant covariates. Age and developmental stage appear
to influence the distribution of spot UIC, while the
association between BMI and iodine deficiency may reflect
more complex dietary or behavioral factors. Therefore,
a single spot UIC measurement should be interpreted
primarily as a marker of recent iodine exposure and
should not be used in isolation to explain TSH elevation
in individual children. Its clinical value is likely greatest
when integrated into a broader assessment rather than
considered as an isolated diagnostic indicator.
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Abstract

Aim: Abdominal computed tomography (CT) is widely used in pediatric surgical practice despite concerns regarding radiation exposure
and variability in diagnostic performance. This study aimed to characterize abdominal CT findings and their relationships with clinical
indications, demographic characteristics, and surgical intervention in a tertiary pediatric surgical center.

Methods: This single-center retrospective observational study included all consecutive pediatric patients who underwent abdominal
CT at a tertiary pediatric surgery center between July 1 and November 1, 2025. Demographic characteristics, clinical indications, CT
findings, and surgical outcomes were analyzed. CT findings were categorized according to predefined diagnostic groups, and their
association with surgical intervention was evaluated using appropriate statistical methods. Diagnostic performance measures, including
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and odds ratios (ORs) with 95% confidence
intervals, were calculated where applicable.

Results: Among 401 pediatric patients, 94.0% demonstrated at least one pathological finding, while 6.0% had normal results. The
mean age was 11.5+4.5 years, and 54.1% were male. The most common indications were suspected appendicitis, trauma, and
pelvic/adnexal pathologies, with CT findings predominantly consisting of non-specific findings and appendiceal, trauma-related, and
pelvic/adnexal pathologies. Computed tomography positivity was significantly associated with surgical intervention (30.0% vs. 4.2%,
OR=9.84, p=0.007). The PPV and NPV of CT positivity for surgical intervention were 30.0% and 95.8%, respectively. The overall surgical
intervention rate was 28.4%. Trauma cases were mostly blunt, with limited need for surgery (5.3%). Incidental findings were observed
in 28.9% of patients. Mass lesions were uncommon and were most frequently located in the ovaries and liver.

Conclusion: Abdominal CT is commonly used for suspected appendicitis, trauma, and presentations related to pelvic or adnexal
pathology. Despite a high CT positivity rate, the relatively low rate of surgical intervention indicates that CT functions as a complementary
rather than a definitive tool in surgical decision-making. The high NPV suggests that negative CT findings were generally associated with
non-operative management in clinically equivocal cases.
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Introduction

Abdominal complaints in pediatric patients frequently
present with diagnostic uncertainty and pose major
obstacles to clinical decision-making due to their broad
and age-dependent differential diagnosis (1). Delayed
diagnosis of acute appendicitis in children is associated
with increased morbidity and worse clinical outcomes,
including higher rates of perforation and prolonged
hospital stay, highlighting the clinical importance of
timely and accurate diagnostic evaluation (2). According
to current evidence-based guidelines, including the
American College of Radiology (ACR) recommendations,
ultrasonography (USG) is the first-line imaging modality
for evaluating suspected abdominal pathology in pediatric
patients (3).

Computed tomography (CT) should be reserved for
selected cases in which USG findings are inconclusive,
as supported by recent literature on pediatric imaging
optimization (4). However, the diagnostic performance
of USG may be limited due to operator dependency and
interference from intestinal gas (5,6).

In such cases, CT allows rapid, comprehensive
assessment of intra-abdominal pathology and aids in
the detection of complications, particularly in clinically
complex scenarios (7). CT has been shown to be an
effective diagnostic modality in the evaluation of acute
abdominal pain within structured diagnostic pathways (8).
Additionally, CT plays a key role in evaluating and grading
intra-abdominal injuries, especially in hemodynamically
stable pediatric trauma patients (7). Given the potential
risks associated with ionizing radiation in pediatric
patients, CT should be used judiciously and performed in
accordance with the ALARA principle, as its application
has been shown to reduce unnecessary radiation exposure
and support the use of alternative imaging modalities
when appropriate (9). Furthermore, CT utilization varies
significantly across institutions, reflecting differences in
patient characteristics, clinical indications, and adherence
to imaging guidelines, underscoring the need for center-
specific evaluation and optimization of imaging practices
(10). However, real-world patterns of CT utilization in
tertiary pediatric surgical centers and their relationship
with  surgical decision-making remain insufficiently
characterized.

We hypothesized that CT utilization in a tertiary
pediatric surgical center reflects the complexity of referred
cases and that CT findings are associated with surgical
decision-making processes. Accordingly, the primary
objective of this study was to characterize the spectrum of
abdominal CT findings in a tertiary pediatric surgery center.
The secondary objective was to evaluate the association
with surgical intervention and demographic and clinical
variables. This approach is expected to contribute to a
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more rational and evidence-based use of CT in pediatric
surgical practice.

Materials and Methods

Compliance with Ethical Standards

This study was conducted in accordance with the
ethical principles outlined in the Declaration of Helsinki.
Ethical approval was obtained from the University of
Health Sciences Turkiye, Gaziantep City Hospital Non-
Interventional Clinical Research Ethics Committee (approval
no: 348/2025, date: 17.12.2025). Given the retrospective
design of the study, the requirement for informed consent
was waived by the committee. All data were anonymized,
and personal identifiers were removed.

Study Design

The study was designed and reported in accordance
with the Strengthening the Reporting of Observational
Studies in Epidemiology guidelines for observational
studies.

This single-center retrospective observational study was
conducted at a tertiary pediatric surgery center (University
of Health Sciences Tirkiye, Gaziantep City Hospital). All
consecutive pediatric patients aged 0-17 years who underwent
abdominal CT between July 1 and November 1, 2025,
were initially assessed for eligibility. Patients were included
regardless of indication, clinical presentation, or CT findings,
ensuring consecutive inclusion and reducing sampling bias.

A stepwise imaging approach generally consistent
with contemporary pediatric imaging recommendations,
including the 2024 AAP guidance, was applied in
routine clinical practice. Computed tomography was
performed selectively when USG was inconclusive
(defined as inadequate visualization of the target organ or
discordance between sonographic findings and the clinical
presentation), when it was technically limited, or when
the examination could not be completed due to body
habitus or patient non-cooperation. General CT indications
included clinical deterioration or persistent symptoms
despite initial evaluation, peritoneal signs (guarding,
rebound tenderness), and elevated inflammatory markers
(CRP elevation and leukocytosis), all suggesting significant
intra-abdominal pathology.

For suspected appendicitis, CT was considered
when USG was inconclusive, particularly when clinical
findings raised concern for complicated appendicitis or
remained discordant with sonographic findings. In trauma
patients, CT indications included high-energy mechanism,
hemodynamic instability, positive FAST examination,
abdominal wall ecchymosis (seat belt sign), elevated liver
enzymes (aspartat aminotransferaz >200 IU/L or alanin
aminotransferaz >125 IU/L), hematuria (=50 red blood
cell/hpf), hematocrit below 30%, and thoracic wall trauma
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with abnormal chest radiography. For a suspected intra-
abdominal mass or tumor, CT was indicated when cross-
sectional imaging was required for lesion characterization,
staging, or surgical planning. In female patients presenting
with acute pelvic pain, CT was performed when non-
gynecological causes were suspected, in accordance
with the recommendations of the European Society of
Emergency Radiology.

For the remaining indications, CT was applied as follows:
bowel obstruction/ileus, when ischemia, strangulation,
or closed-loop obstruction was suspected; mesenteric
lymphadenitis, when an alternative diagnosis was suspected
or symptoms failed to resolve; gastrointestinal bleeding,
when endoscopy was unavailable, contraindicated, or
inconclusive; pancreatitis, when clinical severity markers
or complications were suspected; urolithiasis, as a
second-line modality, when obstruction or infection was
suspected; hepatobiliary pathology and acute cholangitis,
when ultrasound was equivocal and clinical suspicion
persisted;  gastrointestinal  inflammatory  conditions,
including enteritis and colitis, when complications such as
perforation or abscess were suspected; constipation, when
structural or obstructive pathology or complications such
as stercoral colitis, ischemia, or perforation were clinically
suspected; and non-specific abdominal pain, when
ultrasound was inconclusive. For heterogeneous “other”
indications, CT was applied selectively when the initial
clinical and sonographic evaluations were insufficient to
establish a diagnosis or to exclude significant pathology.
Incidental findings were documented separately and did
not constitute independent CT indications.

Patient Selection

Of the 414 patients initially assessed for eligibility, 13
were excluded: 7 due to missing clinical or radiological
data and 6 due to the absence of a documented pediatric
surgical consultation. Patients without documented
pediatric surgical consultations were excluded because
surgical consultation records constituted an essential
component of the clinical dataset used for outcome
classification and management assessment. The final
study cohort consisted of 401 patients (Figure 1).

Classification of Abdominal CT Findings

Abdominal CT findings were classified into two primary
categories: normal (CT"), defined as the complete absence
of identifiable pathological findings, and pathological (CT*),
defined as the presence of any abdominal abnormality
detectable on CT, including inflammatory, traumatic,
obstructive, neoplastic, or urogenital conditions.

Clinical Subgrouping of CT Findings
Computed tomography-positive findings were further
stratified into two clinically meaningful subgroups based
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on their typical management pathway in contemporary
pediatric practice. The first subgroup—surgically relevant
findings—encompassed conditions associated with a high
likelihood of operative intervention, including perforated
appendicitis, bowel obstruction (e.g., intussusception,
volvulus), ovarian torsion, significant traumatic solid
organ injuries [American Association for the Surgery of
Trauma (AAST) Grade Il or higher, or any grade with
hemodynamic instability], and intra-abdominal neoplastic
lesions.

The second subgroup—conservatively —managed
findings—consisted of pathologies typically amenable to
nonoperative management according to current pediatric
clinical guidelines, including mesenteric lymphadenitis,
low-grade solid organ injuries (AAST Grade I-I) without
hemodynamic compromise, urinary tract infections
without obstructive uropathy, non-specific inflammatory
changes, and pelvic inflammatory conditions.

This two-tiered classification was predefined prior
to data extraction and was applied using final radiology
reports and clinical records.

The classification framework was developed in
accordance with contemporary pediatric surgical and
emergency medicine management principles and finalized
before data extraction.

Patients assessed for eligibility
Pediatric patients (0—17 years) who underwent
abdominal CT

July 1 —November 1, 2025
(n=414)

Excluded (n = 13) :
e Missing clinical or :
radiological data (n=7)

e No documented surgical
! consultation (n = 6)

Included in analysis
(n =401)

Figure 1. Flow diagram illustrating patient selection and inclusion
process. Pediatric patients (0-17 years) undergoing abdominal
CT between July 1 and November 1, 2025 were assessed for
eligibility (n=414). Thirteen patients were excluded due to
missing clinical or radiological data (n=7) or lack of documented
surgical consultation (n=6). A total of 401 patients were included
in the final analysis

CT: Computed tomography
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Surgical intervention was not determined solely by
CT findings; operative decisions were based on the
integration of clinical presentation, physical examination
findings, laboratory parameters, imaging results, and the
judgment of the attending pediatric surgeon.

Incidental Findings

Abdominal CT findings that were not directly related
to the presenting indication but were considered clinically
relevant were recorded separately as incidental findings.
These included, but were not limited to: incidental cysts
(ovarian, renal, hepatic); congenital anatomical variations
(horseshoe kidney, malrotation); incidental solid organ
lesions; vascular anomalies; lymphadenopathy unrelated
to the primary indication; and urolithiasis detected
in patients presenting for non-urological complaints.
Incidental findings were documented for subsequent
clinical follow-up.

Outcome Definition

The primary outcome was the requirement for surgical
intervention (yes/no), defined as operative management
for confirmed or strongly suspected intra-abdominal
pathology during the index hospitalization. Surgical
decisions were made by the attending pediatric surgical
team based on clinical, laboratory, and imaging findings,
consistent with current evidence-based practice guidelines.

For suspected appendicitis, particular consideration
was given to imaging findings, inflammatory markers,
physical examination, and, when available, documented
clinical scores such as the Alvarado score or the Pediatric
Appendicitis Score.

In trauma cases, surgical intervention was indicated
for hemodynamically unstable patients who were
unresponsive to resuscitation or for those with evidence
of hollow viscus injury, ongoing hemorrhage, or peritoneal
signs. For adnexal pathology, surgical intervention was
performed for suspected or confirmed ovarian torsion,
for which timely diagnostic laparoscopy is indicated to
preserve ovarian function; ovarian cysts were managed
operatively only when associated with torsion, rupture,
hemorrhage, or significant mass effect. For mass lesions,
surgery was indicated when malignancy could not be
excluded or when the lesion caused significant symptoms.

For intussusception, firstline management consisted
of enema reduction; surgical intervention was warranted
in patients who failed nonoperative management, were
hemodynamically unstable despite resuscitation, had
evidence of bowel compromise or ischemia, or had
suspicion of a pathologic lead point. For gastrointestinal
obstructive conditions, including ileus, surgical intervention
was indicated in cases refractory to conservative
management or with evidence of ischemia or perforation,
consistent with the ACR Appropriateness Criteria for
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bowel obstruction management. For pancreatitis,
surgical intervention was reserved for cases with infected
necrosis, abdominal compartment syndrome refractory
to conservative management, or perforated viscus.
For gastrointestinal inflammatory conditions, including
enteritis and colitis, surgical intervention was indicated
when conservative management failed, peritoneal
signs developed, or complications such as perforation
or abscess formation were confirmed. For urolithiasis,
surgical or endoscopic intervention was considered in
cases of obstruction, superimposed urinary tract infection,
intractable pain, or failure of spontaneous stone passage.
In hepatobiliary pathology, intervention was indicated for
biliary obstruction accompanied by clinical deterioration or
failure of conservative management. Surgical intervention
for gastrointestinal bleeding was indicated in cases
of hemodynamic instability or ongoing hemorrhage
unresponsive to endoscopic or conservative management.
Mesenteric lymphadenitis and constipation were managed
conservatively in all cases; surgical intervention was not
indicated.

Non-specific CT findings were correlated with the
clinical status, and surgical intervention was reserved
for patients with progressive clinical deterioration or
the development of peritoneal signs. In selected cases,
surgical intervention may be considered despite negative
imaging findings if progressive clinical deterioration or
persistent peritoneal signs raise concern for significant
intra-abdominal pathology.

Incidental findings did not independently constitute
surgical indications, as detailed in the Incidental
Findings section. Procedures included appendectomies,
laparotomies, trauma-related interventions, and adnexal-
or mass-related surgeries.

Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 26.0 (IBM Corp., Armonk,
NY, USA). Continuous variables were expressed as mean
+ standard deviation or median (interquartile range),
depending on data distribution, while categorical variables
were presented as frequencies and percentages. Normality
was assessed using the Shapiro-Wilk test.

Comparisons between independent groups were
performed using the Student’s t-test or Mann-Whitney U
test, as appropriate. Categorical variables were analyzed
using the chi-square test or Fisher’s exact test.

Abdominal CT findings (CT*/CT) and surgical
intervention (yes/no) were defined as binary variables. The
relationship between CT findings and the requirement for
surgery was evaluated using 2 x 2 contingency tables.

No multivariable predictive modeling was performed,
because the primary objective of this study was to



Buyukbese Sarsu et al. Abdominal CT in Pediatric Surgery

describe the spectrum of abdominal CT findings and to
assess their association with surgical intervention rather
than to develop a prediction model. Accordingly, model
calibration, discrimination analyses (e.g., receiver operating
characteristic curves), and internal validation procedures
were not undertaken.

The association between CT findings and surgical
intervention was evaluated using odds ratios (ORs) with
95% confidence intervals (Cls). In addition, sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) were calculated to describe the
relationship between CT findings and surgical intervention.
A two-tailed p-value <0.05 was considered statistically
significant.

Results

Among the 401 patients who underwent abdominal CT,
377 (94.0%) had at least one pathological finding (CT*),
whereas 24 (6.0%) had no pathological findings (CT).
Demographic characteristics are summarized in Table 1. The
mean age was 11.5+4.5 years, and 54.1% of patients were
male.

Using surgical intervention as the reference outcome,
the PPV was 30.0% and the NPV was 95.8%. Computed
tomography positivity was significantly higher among
females with pelvic/ovarian pathology (p<0.001), and
these patients were older than those without pelvic
pathology (13.27+3.42 vs. 10.64+4.11 years, p=0.002).
The distribution of clinical indications is summarized in
Table 2.

Suspected appendicitis, trauma, and pelvic/adnexal
pathologies were the most common indications, whereas
a heterogeneous “other” group accounted for 13.5% of
cases. The most frequent CT findings were non-specific
abnormalities, appendiceal pathology, trauma-related
findings, and ovarian/adnexal pathology (Table 3; Figure
2).

Table 1. Demographic characteristics of the study population

Characteristic Value
Total patients 401

Age, median (IQR) 12 (8-15)
Age, mean + SD 11.5+4.5

Sex, n (%)

Male 217 (54.1%)
Female 184 (45.9%)
Nationality, n (%)

Turkish 337 (84.0%)
Non-Turkish 64 (16.0%)

Values are presented as mean + standard deviation,
range), or number (%)
SD: Standard deviation, IQR: Interquartile range

median (interquartile

The relationship between clinical indications and CT-
detected pathologies is illustrated in Figure 3. Acute
abdominal pain was mainly associated with appendiceal
pathology, trauma with trauma-related findings, and
pelvic pain with ovarian/adnexal pathologies. Differences
between ICD-10-coded preliminary diagnoses and CT-
confirmed findings were observed, particularly for
appendicitis, trauma, and ovarian and adnexal pathologies
(Supplementary Table S1).

Table 2. Indications for abdominal CT (n=401)

Indication group n %
Suspected/confirmed appendicitis 91 22.7
Trauma 72 18.0
Pelvic/adnexal pathology 53 13.2
Gastrointestinal inflammation 31 7.7
Urolithiasis/urinary stone disease 25 6.2
Mesenteric lymphadenitis 21 5.2
lleus/obstruction 15 3.7
Mass/neoplasm 9 2.2
Constipation 8 2.0
Hepatobiliary pathology 6 1.5
Gastrointestinal bleeding 5 1.2
Pancreatitis 4 1.0
Non-specific abdominal pain 7 1.7
Other 54 13.5
Total 401 100.0

Values are presented as number (%)
CT: Computed tomography

Table 3. Spectrum of CT findings and associated additional

abnormalities

CT finding category ?patients) % fAlgg::g:ar: (%)
Appendiceal pathology 87 21.7 18 (4.5)
Ovarian/adnexal pathology 39 9.7 10 (2.5)
Trauma-related findings 75 18.7 | 27 (6.7)
Gastrointestinal

inflammatory/obstructive 14 3.5 12 (3.0)
conditions

Urologic pathology 9 2.2 13(3.2)
Mesenteric lymphadenitis 3 0.7 7(1.7)
Neoplastic lesions 5 1.2 14 (3.4)
Other non-specific findings 169 421 15 (3.7)

Additional findings include incidental or secondary abnormalities detected on
CT. Primary CT diagnostic categories are mutually exclusive. Additional findings
are not mutually exclusive and were recorded independently of the primary CT
diagnostic category; therefore, they could occur in patients from any primary
category. Additional findings are presented as the number and percentage of the
total study population (n=401)

CT. Computed tomography
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18.7%
0.7% 2%

Figure 2. Proportional distribution of CT-detected diagnostic categories in pediatric patients (n=401). Non-specific/other findings
(42.1%), appendiceal pathology (21.7%), and traumatic injury (18.7%) were the most frequently observed categories
CT: Computed tomography

Additional findings beyond the primary CT diagnostic
categories were identified in 116 patients (28.9%)
(Supplementary Table S2). Representative imaging
findings are shown in Supplementary Figures S1 and S2.
The distribution of indications for surgical consultation
is presented in Figure 4. Acute appendicitis and trauma
accounted for the majority of consultations.

Table 4 presents the association between CT findings
and surgical intervention. Surgical intervention was
performed in 113 (30.0%) CT-positive patients and in 1
(4.2%) CT-negative patient. Among the 24 CT-negative
patients, one underwent surgical intervention because of
progressive clinical deterioration and persistent peritoneal
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Vomiting/obs
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Figure 3. Heatmap illustrating the relationship between
clinical indications and CT-detected diagnostic categories.
Rows represent clinical indications, and columns represent CT
diagnostic categories. Cell values indicate the number of patients
CT: Computed tomography
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B Nonspecific / other (42.1%)
Appendiceal pathology (21.7%)
Traumatic injury (18.7%)
Ovarian/pelvic pathology (9.7%)
Gastrointestinal inflammation (3.5%)
Urologic anomaly (2.2%)

Neoplastic lesion (1.2%)

Mesenteric pathology (0.7%)

signs despite negative imaging findings. Computed
tomography positivity was significantly associated with
surgical intervention (p=0.007), with an OR of 9.84 (95%
Cl: 1.3-72.5), as illustrated in Figure 5.

Among the 75 trauma cases, 90.7% of injuries were
blunt, and 5.3% of patients required surgical intervention.
Detailed subgroup characteristics are presented in
Supplementary Table S3.

A total of 20 mass lesions were identified in 13 patients
(lesion-based analysis) (Supplementary Table S4). Nine
patients underwent CT for a suspected mass or tumor,
while lesions in four patients were detected incidentally.

Surgical Consultation Reasons - Pareto Chart

78 100%
78 98% 100

o
3

@
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8

Patient count
S
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Cumulative Percentage (%)

Figure 4. Distribution of indications for surgical consultation
and cumulative contribution (Pareto chart). Bars represent the
number of patients for each indication category, and the line
represents the cumulative percentage

Gl: Gastrointestinal
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Table 4. Association between CT findings and surgical intervention

Surgery (-) Surgery (+) Total OR (95% ClI) p-value
CT-negative 23 1 24 Reference =
CT-positive 264 113 377 9.84 (1.3-72.5) 0.007
Total 287 114 401 - -

Values are presented as number of patients. The association between CT findings and surgical intervention was evaluated using the chi-square test

OR: Odds ratio, Cl: Confidence interval, CT: Computed tomography

CT Positivity x Surgical Intervention (Mosaic Plot)

CT-
Surgery+ [ESTRELR
(n=114) 1
)

CT+
Surgery+
113
(30.0%)

CT+
Surgery-
264
(70.0%)

Surgery-
(n=287)

CT+
(n=377)
CT status

Figure 5. Association between CT positivity and surgical
intervention (mosaic plot). The mosaic plot illustrates the
relationship between CT findings (CT* vs. CT) and surgical
intervention (yes/no). The size of each rectangle is proportional
to the number of patients in each category

CT: Computed tomography

Discussion

In this tertiary pediatric surgical cohort, abdominal CT
was most frequently performed for suspected appendicitis,
trauma, and pelvic/adnexal pathology. The high CT
positivity rate observed in our cohort (94.0%) suggests
that abdominal CT was used selectively in patients with a
relatively high pretest probability of significant pathology,
rather than as a routine first-line imaging modality. This
interpretation is supported by the distribution of CT
indications observed in the study population. Furthermore,
despite a high rate of pathological findings, surgical
intervention was performed in only 28.4% of patients,
indicating that CT findings frequently contributed to
diagnostic clarification and to clinical assessment without
necessarily leading to operative management.

The selective imaging pattern observed in our cohort
differs from reports from general emergency settings,
where CT utilization rates are substantially lower and
patient populations are typically less enriched for surgical
pathology (11-13). This finding likely reflects both the
tertiary referral nature of our institution and the selective
use of CT following initial clinical and ultrasonographic
evaluation. The high CT positivity rate observed in the
present study supports this interpretation and suggests
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that abdominal CT was primarily reserved for patients with
persistent diagnostic uncertainty or concern for significant
intra-abdominal pathology.

Our heatmap analysis demonstrated a strong alignment
between clinical presentation and CT findings, particularly
for acute abdominal pain and appendiceal pathology,
trauma and trauma-related findings, and pelvic pain and
ovarian/adnexal pathologies.

A substantial proportion of CT examinations were
performed for heterogeneous “other” indications,
reflecting the broad spectrum of clinical presentations
encountered in pediatricemergency settings. This variability
underscores the complexity of diagnostic decision-making
and highlights the need for flexible, indication-based
imaging strategies.

Subgroup analysis demonstrated significantly higher
CT positivity among female patients with pelvic or ovarian
pathologies (p<0.001). Patients with pelvic pathology were
significantly older than those without pelvic pathology
(13.27+£3.42 vs. 10.64+4.11 years; p=0.002). These
findings highlight the influence of age- and sex-related
clinical characteristics on the spectrum of CT-detected
pathology in pediatric patients.

These findings suggest the value of an indication-
based imaging approach in pediatric emergency practice
and should be interpreted within the context of a tertiary
referral population.

Ovarian/adnexal pathology was identified in 39
patients (9.7%). These lesions may lead to clinically
significant complications, including rupture, hemorrhage,
and adnexal torsion (14). Together with the observed
age- and sex-related differences, this finding highlights
the important contribution of gynecologic causes to the
spectrum of CT-detected pathology in adolescent females.
This observation emphasizes the need to maintain a broad
differential diagnosis when evaluating abdominal pain in
older female patients.

Non-specific abdominal findings constituted the largest
diagnostic category on abdominopelvic CT (42.1%).
When interpreted in conjunction with clinical data, these
findings may suggest conditions such as enteritis, colitis,
or obstruction. However, this high proportion also reflects
the frequency of non-specific CT findings in pediatric
patients presenting with abdominal complaints and
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underscores the broad differential diagnosis encountered
in routine clinical practice. Similar observations have
been reported in previous pediatric imaging studies, in
which non-specific or clinically indeterminate CT findings
were frequently encountered during the evaluation of
abdominal symptoms (15).

Although non-specific  findings were common,
appendicitis remains the most frequent condition requiring
emergency abdominal surgery in children (16). In our
cohort, CT was frequently used in diagnostically uncertain
cases and identified a broad spectrum of abdominal
pathologies. Similar observations regarding the diagnostic
utility of CT in abdominal pathology have been reported
previously (4,17).

Computed tomography demonstrated a high NPV
and a relatively low PPV (30.0%), indicating that many
CT-positive findings were ultimately managed without
surgical intervention. Notably, the vast majority of CT-
negative patients did not require surgery (95.8%),
suggesting that negative CT findings were generally
associated with non-operative management in this
cohort. Computed tomography positivity was significantly
associated with surgical intervention (OR=9.84). The
overall surgical intervention rate was 28.4%. Consistent
with these findings, CT imaging has been reported to
result in a change in clinical management in approximately
one-third (34.8%) of children presenting with abdominal
pain who underwent scanning (13). This pattern suggests
that the clinical value of CT in a tertiary pediatric surgical
setting extends beyond the identification of surgically
treatable pathology and may also support confidence in
non-operative management when clinically appropriate.

Suspected appendicitis was the most common
indication for abdominal CT in the present cohort, and
appendiceal pathology was among the most frequently
identified CT findings, occurring in 21.7% of patients. In
addition to appendiceal pathology, trauma was a major
indication for abdominal CT in pediatric patients. Trauma-
related findings were identified in 18.7% of all abdominal
CT examinations. Previous studies on pediatric blunt
abdominal trauma have reported that more than 80% of
CT scans are negative, with intra-abdominal injury rates
of approximately 17% (18), closely aligning with the
distribution observed in the present cohort.

Blunt trauma accounted for the majority of trauma
casesin this cohort (90.7%), consistent with the distribution
typically observed in pediatric trauma populations. Trauma
subgroup analysis demonstrated that the spleen, liver,
and kidneys were the most commonly affected organs,
reflecting the characteristic pattern of solid-organ injury in
pediatric blunt abdominal trauma. Computed tomography
enabled characterization of organ-specific injuries and
provided additional information for clinical assessment.
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The low rate of surgical intervention (5.3%) supports
the predominance of non-operative management in
hemodynamically stable pediatric patients, which is
considered the standard of care (19). However, negative
FAST findings cannot reliably exclude intra-abdominal
injury, and further imaging may be required in clinically
suspicious cases.

In contrast to trauma-related findings, urinary system
pathologies (2.2%) and tumoral lesions (1.2%) were
relatively uncommon. The low frequency of tumoral
lesions in our cohort likely reflects the selective use of
abdominal CT for acute clinical presentations in a pediatric
surgical setting, where inflammatory and traumatic
conditions predominate. Among these lesions, the low
rate of malignancy is consistent with previous reports
indicating that many pediatric abdominal tumors are
benign or exhibit low malignant potential (20).

Mass lesions were infrequently identified and, when
present, were distributed across multiple anatomical
locations, predominantly involving the ovaries, liver,
and retroperitoneal regions. While some lesions were
evaluated based on clinical suspicion, others were
detected incidentally, highlighting the broader diagnostic
scope of CT beyond the primary indication for imaging.
The variability in lesion characteristics, including size,
morphology, and associated features such as necrosis or
lymphadenopathy, emphasizes the contribution of CT to
lesion characterization and clinical assessment in pediatric
patients. Although uncommon, these lesions represented
a diagnostically heterogeneous group, highlighting the
importance of comprehensive image interpretation in
pediatric abdominal CT examinations (21,22).

A substantial proportion of ICD-10 entries were
symptom- or mechanism-based codes, which contributed
to a marked discordance between preliminary clinical
diagnoses and findings detected by CT Although
suspected appendicitis was the most frequently recorded
ICD-10 diagnosis (48.8%), appendiceal pathology was
identified in only 21.7% of patients. This discrepancy
suggests that ICD-10 coding in pediatric emergency
settings may favor sensitivity over specificity, potentially
leading to overestimation of certain surgical diagnoses.

The marked discrepancy between referral diagnoses
and CT findings highlights the challenges of establishing
a definitive diagnosis based solely on initial clinical
assessment and supports the use of structured imaging
pathways in selected patients with equivocal presentations.

In this context, cross-sectional imaging may contribute
to refinement of the differential diagnosis when clinical
findings are non-specific or overlapping. Similar findings
have been reported in pediatric appendicitis, where CT and
magnetic resonance imaging demonstrate high diagnostic
accuracy in resolving diagnostic uncertainty (23).
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Among specific diagnoses, mesenteric lymphadenitis
was rare in our series (0.7%) and was generally managed
conservatively, consistent with previous reports describing
its typically benign clinical course (24).

In our study, incidental or secondary findings were
present in 28.9% of patients, highlighting the broader
diagnostic scope of CT beyond the primary clinical
indication. Although most of these findings were not
directly related to the acute presentation, they may still
have clinical relevance. Their relatively high frequency
underscores the importance of systematic image review
and suggests that CT may occasionally detect additional
findings that could influence subsequent patient
evaluation; however, their impact on clinical management
could not be assessed in the present study.

The need for surgical intervention in pediatric
consultations was concentrated in a limited number of
diagnostic categories, with acute appendicitis and trauma
accounting for the majority of cases. This distribution was
consistent with the pattern of CT indications observed
in our cohort, where suspected appendicitis and trauma
were among the most common reasons for abdominal
CT examinations. Similar consultation patterns have been
reported in pediatric emergency practice (25).

The higher number of urological consultations
relative to CT-confirmed cases suggests a cautious clinical
approach to suspected conditions and indicates that these
pathologies are generally uncommon and often managed
conservatively. This discrepancy between consultation
patterns and CT-confirmed pathology highlights the
complexity of diagnostic decision-making in pediatric
abdominal presentations (13).

Overall, our findings demonstrate that abdominal CT
was frequently used in cases with diagnostic uncertainty
and that it identified a broad spectrum of pathologies in a
tertiary pediatric surgical population. The high proportion
of pathological findings, together with the relatively low
rate of surgical intervention, reflects the selective use of
CT and the heterogeneous nature of pediatric abdominal
presentations.

Unlike most pediatric CT studies that focus on a
single disease entity, this study evaluated abdominal CT
utilization across diverse pediatric surgical presentations
within a tertiary referral setting. The integration of clinical
indications, CT findings, consultation patterns, and
surgical outcomes provides a pragmatic overview of how
abdominal CT contributes to everyday decision-making in
pediatric surgical practice.

These findings are consistent with  current
recommendations supporting selective CT use following
initial ultrasonographic evaluation in pediatric patients
(26).
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Study Limitations

This study has several limitations. First, variability
in clinical decision-making regarding CT indications—
particularly for heterogeneous presentations that
required individualized clinical judgment—together with
incomplete laboratory data and the lack of consistently
documented clinical scoring systems for all patients
may have introduced residual confounding. Although
consecutive inclusion of all eligible CT examinations
reduced sampling bias, selection bias related to the
decision to perform CT examinations could not be fully
eliminated because imaging decisions were made as
part of routine clinical care rather than according to
a prospectively standardized study protocol. Second,
the single-center, retrospective design may limit the
generalizability of the findings. Pathologic confirmation
was available only in surgically treated cases,
representing an inherent limitation of retrospective
analyses. Additionally, variability in imaging practices,
including externally performed USG and heterogeneity
in CT acquisition parameters, may have affected the
consistency of imaging interpretation. Limited access
to long-term follow-up data further limits the ability to
correlate findings with clinical outcomes. Because the
primary objective of the study was descriptive rather
than predictive, multivariable predictive modeling was
not performed. Accordingly, the findings should not be
used to derive clinical decision thresholds. Associations
between CT findings and surgical intervention were not
adjusted for potential confounders such as age, sex, or
clinical indication and should therefore be interpreted
descriptively rather than as evidence of an independent
effect of CT findings on surgical decision-making.

Despite these limitations, this study has several
strengths, including a large pediatric cohort from a
tertiary surgical center and a comprehensive analysis of
the relationship between clinical indications and radiologic
findings. The use of heatmaps, proportional distribution
analyses, Pareto charts, and mosaic plots enabled a
detailed characterization of diagnostic patterns, imaging
utilization, and surgically relevant findings across a
broad spectrum of clinical presentations. Additionally,
the inclusion of patients with diverse clinical indications
and the structured imaging approach contributed to the
representativeness of the cohort and enhanced the clinical
applicability of the findings.

Conclusion

Abdominal CT scans in a tertiary pediatric surgical
center were most commonly performed for suspected
appendicitis, trauma, and presentations related to pelvic
or adnexal pathology. Despite a high CT positivity rate,
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the relatively low rate of surgical intervention indicates
that CT serves as a complementary, not definitive, tool
in surgical management. The high NPV observed in this
study suggests that negative CT findings were generally
associated with nonoperative management of clinically
equivocal cases.
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Abstract

Aim: Professionals working at child advocacy centers (CACs) perform their duties under demanding professional, social, ethical, and
legal conditions. This study aimed to compare job satisfaction, burnout, depressive symptoms, and dimensions of general psychiatric
symptoms among CAC employees with those of a control group.

Methods: This cross-sectional study included 30 healthcare professionals working as forensic interviewers at five CACs in Turkiye and
30 healthcare professionals from the same occupational groups without CAC experience. Participants completed a structured socio-
demographic questionnaire, the Symptom Checklist-90-Revised, the Beck Depression Inventory, and the Maslach Burnout Inventory.
Data were collected between December 1 and December 10, 2018.

Results: Compared with controls, the Children’s Advocacy Center group had longer professional experience, lower job satisfaction, and
higher depressive and overall psychiatric symptom scores, while burnout levels did not differ between groups.

Conclusion: Job satisfaction scores were found to be statistically significant predictors of depression scale scores, whereas age and
length of service significantly affected burnout scale scores.

Keywords: Psychological tests, job satisfaction, health personnel, children’s advocacy center, child welfare

Introduction chronic workplace stress that has not been successfully

Burnout was first introduced into the scientific literature managed (3). Kristensen et al. (4) distinguished three

in the 1970s by Freudenberger and Richelson (1). Recently,
burnout has attracted increasing attention across various
disciplines and is particularly prevalent in occupations
involving intensive interpersonal interaction. Healthcare
professionals are consistently among the groups most
affected by burnout, a condition emerging as a prolonged
response to chronic emotional and interpersonal stressors
(2).

According to the World Health Organization’s ICD-
11, burnout is defined as a syndrome resulting from

dimensions of burnout: personal, work-related, and client-
related. Research on employees in child protection units
in the United States suggests that both work- and client-
related burnout symptoms follow a curvilinear path over
time, with job rotation providing a protective benefit
during the first two years (5).

Burnout has adverse consequences for both employees
and service recipients, being associated with chronic
fatigue, sleep disturbances, impaired concentration,
and psychological distress (6). Healthcare professionals
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experiencing burnout are more prone to depression,
substance use, poor physical health, and even suicidal
ideation (7). Furthermore, studies highlighting the
alarmingly high prevalence of burnout among healthcare
workers emphasize the importance of evaluating both
individual coping strategies and interventions aimed at
improving working conditions (8).

Child advocacy centers (CACs) represent stressful and
demanding work environments where professionals are
in direct contact with children exposed to trauma (9).
Heavy workloads, staff shortages, secondary traumatic
stress, legal pressures, and the severe psychological issues
of children and families place substantial strain on these
professionals, potentially leading to burnout and increased
turnover intention (10).

We hypothesized that professionals working in CACs
would exhibit higher levels of mental health problems,
including burnout and depression, than their peers. This
study aimed to compare burnout levels, job satisfaction,
and psychiatric symptoms between CAC professionals and
a control group and to examine socio-demographic factors
to identify potential risk and protective factors.

Materials and Methods

Compliance with Ethical Standards

The study was conducted in accordance with the
principles of the Declaration of Helsinki. The study was
approved by the University of Health Sciences Turkiye,
Antalya Training and Research Hospital Ethics Committee
(approval number: 20/6, date: 12.09.2019).

Study Design and Setting

This cross-sectional comparative study was conducted
between December 1 and December 10, 2018, at five
CACs located in five provinces in Turkiye. These centers
provide multidisciplinary medico-legal and psychosocial
services to children suspected of being sexually abused.

The study population consisted of healthcare
professionals who were actively working as forensic
interviewers at five CACs in Turkiye at the time of data
collection and had been in their current positions for at
least six months. Forensic interviewers at CACs included
social workers, nurses, child development specialists,
psychologists, and midwives.

The study population consisted of healthcare
professionals working as forensic interviewers at CACs,
while the control group comprised professionals from the
same occupational backgrounds who worked in other
hospital departments and had no previous experience
with CACs (Figure 1).

A total of 30 participants were included in each group.
Participants were contacted either by direct on-site visits or
by e-mail. All participants were informed about the study,
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Figure 1. Design diagram of the study
CAC: Child advocacy center

and only those who volunteered and provided written
informed consent were enrolled.

Physicians working at CACs were not included in the
study because of different job roles, additional professional
responsibilities, distinct motivational factors (such as other
clinical duties and financial incentives), and exposure to
different work-related stressors.

Background Information on the CACs: in Tirkiye, CACs
have become increasingly widespread and operate on a
24-hour on-call basis. Each center is staffed by specially
trained professionals, including a physician responsible
for coordination and trained healthcare personnel such
as social workers, psychologists, child development
specialists, and nurses. In 2011, the first CAC in Turkiye
opened in Ankara. By September 2019, the number of
CACs had reached 44 (11).

For the study planned in 2018, the article published
by Oh and Lee (12) in 2009 was used as a reference,
and a power analysis was conducted assuming an effect
size of 0.5. With an alpha error probability of 0.05 and
a power of 0.80, the total sample size was calculated
to be 34.
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Measures

A study-specific questionnaire, the Maslach Burnout
Inventory (MBI), the Beck Depression Inventory (BDI),
and the Symptom Checklist-90-Revised (SCL-90-R) were
administered to assess burnout levels among professionals
working in CACs and to identify variables associated with
burnout.

Study-Specific Questionnaire: It comprised two
sections. The first section included nine items, derived from
the literature, to obtain socio-demographic information,
including age, sex, profession, duration of professional
experience, duration of work in the current unit or center,
self-rated job satisfaction and happiness scores, and
membership in professional organizations.

The second section consisted of 30 items designed
to evaluate experiences related to working at CACs
and perceptions of the centers and of referred cases.
All items were developed specifically for this study to
enable CACs' staff to self-assess their working conditions
and professional experiences. Responses were recorded
using a three-point Likert-type scale. Because this section
contained CACs-specific items, it was administered only to
the study group.

The MBI consists of 22 items rated on a five-
point Likert scale (six response options in the original
version) and assesses burnout across three dimensions:
emotional exhaustion (nine items), depersonalization
(five items), and personal accomplishment (eight items).
Unlike emotional exhaustion and depersonalization,
the personal accomplishment subscale is reverse-
scored. Higher scores on the emotional exhaustion and
depersonalization subscales and lower scores on the
personal accomplishment subscale indicate higher levels
of burnout. No specific cut-off values are defined for the
subscale scores (13,14).

Beck Depression Inventory: The BDl is a 2 1-item self-
report scale rated on a four-point Likert scale and used to
assess the presence and severity of depressive symptoms.
Total scores range from 0 to 63, and a cut-off score of 17
is commonly used to indicate clinically relevant depressive
symptomatology (15,16).

Symptom Checklist-90-Revised: The SCL-90-R is a 90-
item self-report instrument developed to assess a broad
range of psychological symptoms and distress. It can be
used in both the general population and clinical settings.
The scale gives scores for nine main symptom dimensions:
somatization, obsessive-compulsive symptoms,
interpersonal sensitivity, depression, anxiety, hostility,
phobic anxiety, paranoid ideation, and psychoticism. It
also gives a global severity index that shows the overall
severity of the symptoms (17,18).
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Procedure

After written informed consent was obtained, all
participants completed the questionnaires and scales in
a single session. Data collection was conducted over one
week and completed on 10 December 2018. All data were
collected anonymously, and no personally identifiable
information was recorded.

Statistical Analysis

Data were analyzed using SPSS version 22.0 (Statistical
Package for the Social Sciences). Categorical variables
were compared using the chi-square test. The Shapiro-
Wilk test was used to assess normality. For non-normally
distributed continuous variables, the Mann-Whitney U test
and Spearman’s correlation analysis were employed. For
normally distributed data, independent samples t-tests
and one-way analysis of variance with Tukey post-hoc
tests were used. Additionally, multiple linear regression
analysis was performed to identify independent predictors
of burnout and depression scores. Statistical significance
was set at p<0.05.

Results

Socio-demographic Data and Job Satisfaction

A total of 60 healthcare professionals were included
in the study: 30 working at five CACs and 30 without
CAC experience. The CACs group was older (38.76+9.03)
and had longer (15.06+10.41) professional experience
(p<0.05). Participants’ socio-demographic and professional
characteristics are summarized in Table 1.

Job satisfaction scores were significantly lower in the
CACs group compared with the control group (t=-3.68,
p<0.05); professional association membership and non-
professional hobbies did not differ between groups. Job
satisfaction scores showed a significant negative correlation
with BDI scores (r=-0.4, p<0.05), emotional exhaustion
scores (r=-0.44, p<0.05), and SCL-90-R depression scores
(r=-0.31, p<0.05) across all participants.

Evaluation of the Questionnaire Form

The CACs specific questionnaire was completed
only by the CACs" employees. Responses indicated high
perceived importance of forensic and child psychiatric
evaluations, high compatibility with colleagues, and a
strong belief in the necessity and continuity of CACs. A
considerable proportion of participants reported work-
related stress and emphasized the negative impact of
organizational deficiencies on their performance. The
distribution of responses is shown in Table 2.

Responses to the questionnaire were analyzed by
grouping CACs employees into psychologists, social
workers, and other personnel. Multiple comparison tests
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Table 1. Socio-demographic and professional data of the groups

Working group Control group p-value
Age [median (IQR)] 38 (14) 30 (13.25) p<0.01*
ek 22 (73%) female 11 (36%) female p<0.01*
8 (27%) male 19 (64%) male ¥?=7.877**
5 (16%) psychologist o )
4 (13%) child development specialists 12 (;40 %) lpsychologlst .
2 ) 1 (3%) child development specialists
. 11 (36%) social workers o -
Occupation groups 8 (26%) nurses 15 (50%) social workers
0
1(3%) midwife 2 (7 moses
1 (3%) secretary
. L . 22 (73%) yes 19 (63%) yes p=0.40
Professional association membership 8 (27%) no 11 (37%) no +2=0.69**
*
Seniority (average + SD) 15.06+£10.41 8.40+6.90 S:é)g();
Professional satisfaction point [median (IQR)] | 75 (25) 85 (10) p<0.01*
’ . 21 (70%) positive 18 (60%) positive p=0.65
erHrei Tl ) 1 207 R 9 (30%) negative 12 (40%) negative x?=0.41**

*Refers to the values that reach statistical difference between both groups
**Chi-square and t-tests were used for statistical analysis
IQR: Interquartile range, SD: Standard deviation

revealed statistically significant differences in four items.
Healthcare personnel working outside the psychologist
and social worker groups were significantly more likely
both to believe that cases of child abuse are increasing
(x>=11.74 , p<0.05) and to support the view that specially
trained CACs personnel should assist physicians during
forensic examinations (y?=6.34 , p<0.05).

Regarding the statement, “The most appropriate social
decision for our cases is made by the responsible Public
Prosecutor,” social workers were significantly less likely to
agree compared with other personnel (z=-2.4, p<0.05).
Social workers were also more likely than other groups to
support the opinion that “CAC staff should be renewed
every three to four years” (z=-3.3, p<0.05).

Evaluation of Scale Scores

The median BDI score was significantly higher among
CACs' personnel than in the control group (p<0.05),
whereas no statistically significant difference was found
between the groups for mean MBI scores (p>0.05). In
addition, the overall symptom median score on the SCL-
90-R test and the median scores of the somatization,
obsessive-compulsive, interpersonal sensitivity, depression,
anger-hostility, and paranoid ideation subscales were
statistically significantly higher in CACs' employees than
in controls (p<0.05). Comparisons of psychometric scale
scores between groups are presented in Table 3.

In terms of socio-demographic variables, no significant
effect on SCL-90-R scores was observed; however, the
only parameter influencing the mean BDI score was the
job satisfaction score. The group with the lowest job
satisfaction had a significantly higher mean BDI score
(F=7.85, p<0.05), and Tukey post-hoc analysis revealed a
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significant difference between the lowest and highest job
satisfaction groups (p<0.05) (Table 4).

For the MBI, mean scores were affected by both
professions and job satisfaction levels. Social workers
had higher mean burnout scores than other professional
groups (F=9.58, p<0.05). Similarly, job satisfaction scores
influenced mean burnout scores in a manner comparable
to that of the depression scale (F=5.89, p<0.05) (Table 5).

In the multiple regression model developed for the BDI,
only the "job satisfaction score” emerged as a statistically
significant predictor of total scale scores (p<0.05) (Table
6). Regarding the MBI, both age and length of professional
experience had nearly equal, statistically significant
impacts on burnout scores (p<0.05) (Table 7).

Discussion

Maslach et al. (13) emphasized that the primary
determinants of burnout are the “areas of work life” and
that burnout can be prevented only by systematically
addressing and modifying these areas. These areas
include workload, control, reward, community, fairness,
and values. Time pressure also constitutes an important
source of stress. Urgent medical examinations to prevent
loss of forensic evidence, pressure related to detention
or arrest decisions for alleged offenders, scheduling of
forensic interviews and urgent placement of children into
protective care represent major time-related stressors (19).
Internal organizational factors, such as supervisor and
colleague support, have been shown to reduce burnout
(20). However, little is known about the impact of external
organizational resources (e.g., therapists, advocates, police
officers, and mental health professionals) on burnout.
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Table 2. CAC employees’ answers to the questions in the questionnaire

Question Percentage values

Yes Partially | No
I can follow the latest legal and scientific regulations in my area of expertise 20% 66% 14%
| think | am compatible with my colleagues at CAC 83% 10% 7%
"Consent” should be obtained before all the procedures for children who are applied to us. 83% 10% 7%
The relevant public prosecutor makes the best social decision for our cases 17% 53% 30%
When the case comes, | can be stressed if | am a forensic interviewer on duty 17% 40% 43%

| can allocate enough time to cases when | am a forensic interviewer

50% 50% =

| find it easier to be a family interviewer than a forensic interviewer. 54% 23% 23%
Meeting with the family is easier and less stressful than meeting the child. 33% 27% 40%
When the information about the future of the case reaches CAC, | will make a preliminary preparation if | am a

forensic interviewer. S0 75 0
After my judicial interviews, | generally think that | can reach sufficient judicial opinion. 60% 40% -
Forensic examination is important 97% 3% -
Child psychiatric report is important 97% 3% -

It will be better for patients that the lawns are in the hospital 76% 14% 10%
CAC employees should be renewed every 3-4 years 40% 26% 34%
CAC employees should be supported financially 76% 21% 3%

Visiting workshops to other centers in terms of their professional competence should be organized for those who
require social responsibility, such as CAC, and should be financed by the state.

86% 14% =

| received psychiatric support while | was working at CAC - 6% 94%
Working in lawns is psychologically 40% 60% -

My work at CAC affected my perspective on life 57% 37% 6%

I like kids 93% 7% -

My work at CAC influenced my value judgments about children’s innocence 10% 30% 60%
My work at lawns affected my value judgments about adults 40% 50% 10%

It will be better to have a nurse trained in this area alongside our physicians who carry out the forensic

examination.

90% 10% =

The lack of a secretary among CAC employees adversely affects my job performance. 60% 20% 20%

| think cases of child abuse are increasing

86% 14% =

| think that child abuse reporting is increasing 100% | - -
| think that the most correct social decision can be taken after the social review report in cases of child abuse. 63% 34% 3%
When | forward the reports of the case to the relevant prosecutor, | believe that this issue will be the most effective 53% 40% 7%

decision.

| think that the forms of such centers determined by law should not be changed for many years and should be

independent of politics unless necessary.

87% 13% =

| think physical conditions are effective in my work performance

84% 8% 8%

It contains descriptive statistical data
CAC: Child advocacy centers

Some studies indicate that child abuse professionals who
establish positive relationships with external professionals
experience less frustration, feel less isolated, and are better
able to fulfill their responsibilities, thereby potentially
reducing burnout (21). There is broad consensus in the
literature that professionals who work in the field of child
neglect and abuse are at high-risk of burnout. However,
more detailed studies are needed to better understand
the specific challenges encountered in this field (22,23).
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Despite the specialized nature of this field, reduced job
satisfaction and burnout have been identified as the main
determinants of turnover among professionals working in
CACHike settings (2). Role conflict, role ambiguity and role
overload, safety concerns, insufficient supervisory support,
secondary traumatic experiences, and compassion fatigue
have been reported as major risk factors affecting job
satisfaction and burnout (2). Stressful working conditions
may further increase vulnerability to depressive symptoms
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Table 3. Examination of the scale scores of the groups

CAC Control p-value
Beck Depression Inventory 8.83+5.36 5.50+5.92 p<0.05*
Maslach Burnout Inventory 11.86£6.45 10.56£6.45 p=0.43
Maslach personal success 10.13+4.70 10.90+5.76 p=0.57
Maslach desensitization 4 (2.5) 3(6) p=0.67**
SCL somatization 0.58 (0.58) 0.25 (0.29) p<0.01***
SCL OCD 0.60 (0.80) 0.40 (0.58) p<0.05***
SCL interpersonal 0.66 (0.63) 0.33 (0.50) p<0.01***
SCL depression 0.69 (0.58) 0.26 (0.39) p<0.01***
SCL anxiety 0.40 (0.60) 0.25 (0.40) p=0.16**
SCL anger hostility 0.33 (0.67) 0.16 (0.41) p<0.05***
SCL phobic anxiety 0.14 (0.28) 0.14 (0.42) p=0.94**
SCL paranoid thought 0.83 (0.76) 0.16 (0.54) p<0.01***
SCL psychotism 0.10 (0.30) 0.10 (0.30) p=0.33**
SCL additional scale 0.71(0.72) 0.49 (0.85) p=0.08**
SCL overall symptom average 0.54 (0.50) 0.32 (0.45) p<0.01***
*Refers to the values that reach statistical difference between both groups
**Mann-Whitney U and t-tests were used for statistical analysis
CAC: Child advocacy center, SCL: Symptom checklist, OCD: Obsessive-compulsive disorder
Table 4. The effect of professional satisfaction point on Beck Depression Inventory score
Professional satisfaction point n Mean * SD F p-value
0-70 15 11.80£5.77* 9.58 p<0.01
71-89 27 5.48+1.05
90 and above 18 4.00+3.94*

ANOVA: Analysis of variance, SD: Standard deviation

*This indicates groups that show a statistically significant difference in the Tukey test, one-way ANOVA was used for statistical analysis

and substantially contribute to reduced job satisfaction
and burnout (22). Burnout and job satisfaction are also
reported to influence each other reciprocally (22), while
individual characteristics and personal resilience may play
either protective or vulnerability-enhancing roles (10,22).

Depression is a multifactorial disorder resulting
from interactions among genetic, developmental, and
environmentalfactors. Burnout and reducedjob satisfaction
have been shown to be associated with depression and
other mental disorders, with chronic psychosocial stress
playing a central role in both conditions (24).

Individuals who are dissatisfied with their work and
who cannot find a supportive organizational climate are
more likely to experience marked declines in morale and
motivation (25). Lower job satisfaction has been reported
among professionals conducting abuse-related interviews
in the literature (23,26). In a study conducted among
social workers employed in child protection services in the
United Kingdom, role ambiguity and job satisfaction were
identified as predictors of stress, while job satisfaction was
suggested to be influenced by both perceived stress levels
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and role conflict (27). Consistent with the literature, the
present study found that job satisfaction scores from the
preliminary questionnaire were statistically significantly
lower in CAC employees than in the control group. One
possible explanation for this finding is longer professional
experience among healthcare workers in the CAC group
compared with controls. Although longer professional
experience may increase competence and expertise, it
may also lead to reduced motivational resources over
time (28). Although no CAC-specific studies are available,
findings regarding the relationship between age and
job satisfaction in the literature are contradictory (29).
In our study, no statistically significant difference in job
satisfaction was found among age groups (p>0.05).
Moral distress and secondary traumatic stress
may contribute to this situation, and workplace peer
relationships should be considered. A study conducted
among social workers working in child protection servicesin
the United Kingdom reported that participants associated
workplace friendships with a continuously increasing sense
of well-being, higher job satisfaction, reduced stress, and a
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Table 5. The effect of socio-demographic data on Maslach Burnout Inventory score

n Mean * SD F p-value
Age
30 years and under 20 11.80£6.96 0.40 0.66**
31-40 years 21 11.66+6.62
41 years and older 19 10.10£5.81
Seniority
1-5 18 10.38+5.92 2.30 0.08**
6-10 16 13.00+7.75
11-15 10 7.20+4.23
16 years and older 16 12.87+5.84
Occupation groups
Psychologist 17 9.00+6.68* 5.51 p<0.01**
Social workers 17 14.15+£5.95*
Others 26 8.94+5.26*
Professional satisfaction point
0-70 15 15.20+1.60* 5.89 p<0.01**
71-89 27 11.11+5.97
90 and above 18 8.05+5.71*

*This indicates groups that show a statistically significant difference in the Tukey test
**One-way ANOVA was used for statistical analysis

ANOVA: Analysis of variance, SD: Standard deviation

Table 6. Multiple linear regression analysis for predictors of Beck Depression Inventory score

standardized 95% confidence interval B
B Std. error . t p-value
coefficients B8 Lower bound Upper bound
Constant 17.14 0.7.2 2.3 0.02* 2.70 31.58
Age 0.09 0.20 0.14 0.49 0.62 -0.30 0.49
Gender 0.57 1.55 0.04 0.37 0.71 -2.54 3.69
Seniority -0.03 0.18 -0.05 -0.18 0.85 -0.40 0.33
Professional
satisfaction -0.16 0.05 -0.41 -3.26 p<0.01* 0.26 -0.06
point

*Refers to statistically significant value, multiple Linear regression analysis was used for statistical analysis

Table 7. Regression models developed for Maslach Burnout Inventory

standardized 95% Confidence interval B
B Std. error > t p-value

coefficients B Lower bound Upper bound
Constant 39.34 8.08 4.86 p<0.01* 23.13 55.54
Age -0.50 0.21 -0.67 -2.36 0.02* -0.92 -0.07
Gender -1.54 1.65 -0.12 -0.93 0.35 -4.86 1.77
Seniority 0.52 0.20 -0.76 2.59 0.01* -0.11 0.92
Occupation groups -3.90 2.16 -0.44 -1.80 0.07 -8.24 0.44
Professional satisfaction point -0.06 0.10 -0.14 -0.61 0.54 -.0.28 -0.15

*Refers to statistically significant value, multiple Linear regression analysis was used for statistical analysis
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greater intention to remain in their roles (30). Furthermore,
several studies have reported that individual factors such as
higher educational level, specific work environments, and
self-efficacy are positively correlated with job satisfaction
(31). The literature also includes studies emphasizing the
importance of strengthening employee well-being as
a strong predictor of job satisfaction and positive work
attitudes among social workers (32,33).

In TUrkiye, the lack of sufficiently developed regulations
concerning CAC and the absence of a formal directive
defining the division of duties among staff may contribute
to decreased job satisfaction, since such legal uncertainties
can limit the legal empowerment of professionals working
under such conditions. Finally, previous studies have
highlighted that job satisfaction plays an important role
in maintaining psychological well-being and functional
mental health (26).

In the present study, internal organizational factors
other than colleague compatibility (93%) were not
examined. Among external organizational factors, only
perceptions regarding mental health professionals and
legal professionals were assessed. Participants reported
a very high level of belief in the importance of child
psychiatry reports (97%), which may indirectly reflect
trust in positive collaboration with these professionals.
Healthcare personnel outside the psychologist and social
worker groups were statistically more likely to believe
that cases of child abuse are increasing and to support
the view that specially trained CAC personnel should
assist physicians during forensic examinations. However,
compared with other personnel, social workers were
more likely to support renewing CAC staff every three
to four years while being less likely to endorse the
view that the best social decisions for children should
be made by public prosecutors. We consider that the
difference between social workers (who are familiar
with the field and receive specialized training prior to
working at CACs and other personnel may be related
to differences in training. Employing personnel who are
not psychologists or social workers and who lack field-
specific training may undermine workplace harmony,
perceived social support, and the ability to cope with
secondary traumatization.

No significant difference in burnout levels was observed
between the study and control groups. This finding appears
to be largely inconsistent with the existing literature, as
higher burnout levels among professionals working with
child abuse cases have been consistently reported (22).
However, this result may be partly explained by the fact that
during the study period CACs were established in relatively
newer buildings compared with many hospitals (the oldest
CAC had been in operation for only 7-8 years) and that the
control group also consisted of healthcare professionals.
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Burnout syndrome among healthcare workers has been
reported to be primarily characterized by frustration and
depersonalization (34). In the regression model developed
in our study, age and professional seniority were identified
as the two most important parameters influencing the
burnout scale. Although not statistically significant, a
decrease in the mean scores of the MBI was observed
as age increased, which is consistent with other studies
conducted among healthcare workers in Tlrkiye (35,36).

While most studies in the literature emphasize the
change in burnout over time, they propose different
perspectives regarding the trajectory of this change (37).
According to the accumulation model, a continuous positive
correlation develops between professional seniority and
burnout over time. In contrast, the “onset effect” model
suggests that burnout increases as employees adapt to
their positions but decreases and returns to baseline levels
once they become accustomed to the role (38,39). These
components are known to develop over time, and the
mean duration of employment at CACs among participants
in our study was 3.50+1.88 years. In another study, the
peak period for workplace burnout was reported to be
between 12 and 24 months (5). Considering that the
average duration of employment in our study was well
above this period and that change is more common than
stability, the timing of the measurement point may not
have been optimal.

It is also well known that unfavorable physical working
conditions contribute to burnout (40). Moreover, social
support mitigates workplace stressors such as high
workload, exposure to trauma, and limited resources
that may lead to burnout among child protection
professionals (41). The level and nature of social support
may vary across countries depending on administrative
structures, organizational frameworks, and cultural and
social contexts. In the literature, there is a study providing
preliminary evidence that social workers' participation
in support programs—which encompass psychological
protective factors such as mindfulness, acceptance,
attention regulation/decentering, self-compassion,
non-attachment, non-avoidance, and non-aversion—
has the capacity to improve anxiety and rumination,
thereby reducing stress, emotional exhaustion, and
depersonalization (42). The fact that the newly structured
CAGs in Turkiye are newer buildings than those of other
health institutions, have internal physical structures more
suitable for the personal needs of health personnel, provide
social support between individuals and supervisors, and
offer facilitated opportunities for health personnel to
participate in both in-service training and other educational
events, such as congresses, may have contributed to the
lack of difference in burnout scores between the two
groups.
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In this study, when socio-demographic characteristics
were evaluated, social workers had significantly higher
MBI scores than other professional groups. Studies
focusing on social workers have identified workload and
conflict between professional and family responsibilities
as primary contributors to emotional exhaustion (43). In
addition, lower professional satisfaction scores among
healthcare personnel were statistically associated with
higher mean scores on the MBI.

A study conducted in South Korea among child
protection professionals suggested that depressive
mood, identified as the second most common risk
factor associated with intention to leave the job, reduces
job satisfaction, increases emotional exhaustion, and
diminishes the sense of personal accomplishment (22).
Consistent with these findings, our study demonstrated
a statistically significant difference in BDI scores between
the study and control groups. Furthermore, healthcare
personnel with lower professional satisfaction scores
showed statistically significant increases in mean scale
scores, a pattern similar to that observed in the MBI.
Considering that the present study was conducted in newly
established CACs, burnout levels may not have been fully
captured; however, in line with the literature, the findings
clearly indicate the presence of depressive symptoms and
highlight the significant impact of professional satisfaction
on both depression and burnout. Moreover, examination
of the regression models demonstrating the negative
linear relationships between job satisfaction scores and
both the depression and burnout scales revealed that the
contribution of the depression scale was nearly comparable
to that of the burnout scale (Table 6).

The study found that median SCL-90 symptom scores,
particularly the subscale medians for somatization,
obsessive-compulsive symptoms, interpersonal sensitivity,
depression, anger-hostility, and paranoid ideation, were
significantly higher among CACs’ employees than in the
control group. Higher levels of interpersonal sensitivity
may reflect the search for social support, which has
been described in the literature as a factor that helps
reduce workplace stress (41). The presence of findings of
somatization may also represent a natural psychological
manifestation of stress. In professionals working in highly
demanding fields such as child neglect and abuse, the
emotional processes described as compassion fatigue may
contribute to anger as a result of grief related to perceptions
of the world's safety and children’s protectability (44,45).

Study Limitations

This study has several limitations. Because some
questions were personal, response bias, particularly
social desirability bias, may have occurred. Furthermore,
participants were assessed cross-sectionally, and no
longitudinal  follow-up was performed; therefore,
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psychiatric symptom levels and scale scores may
have been influenced by recent life events. Individual
perceptions and attributions may also change over time
depending on personal and professional circumstances.
Repeating the study with the same sample at a later stage
may provide additional insights. In addition, a substantial
proportion of participants were not interviewed face-
to-face; therefore, the impact of this on the honesty of
responses remains unknown. Another limitation is that
psychiatric symptomatology was assessed using self-
report scales rather than structured or semi-structured
psychiatric interviews. The relatively modest sample size
and potential residual confounding related to baseline
differences between the groups may also have influenced
the findings. Despite these limitations, this study provides
valuable preliminary evidence and contributes to the
limited literature on healthcare professionals working in
child monitoring centerss caring for children exposed to
sexual abuse.

Conclusion

The present findings indicate that professionals
working in CACs experience depressive mood states,
a higher burden of psychiatric symptoms, and lower
levels of job satisfaction. Given that reduced job
satisfaction appears to be associated with both burnout
and depression, further comprehensive quantitative and
qualitative research addressing factors related to job
demands, working system characteristics, and conditions,
as well as individualHevel determinants that may influence
job satisfaction scores, may contribute to the literature. In
addition, psychoeducational workshops focusing on stress
management, mental health, self-care, personal strengths,
and skill development and structured in-service training
programs aimed at supporting professional development
and advancement within the field may be encouraged.
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Abstract

Aim: Schoollinked adolescent screening may identify nutritional, hematologic, micronutrient, and blood pressure (BP) abnormalities
in students outside regular preventive follow-up. This study evaluated the frequency of predefined, screening-detected abnormalities
among adolescents who completed a schoolHinked clinical and laboratory screening pathway.

Methods: This retrospective cross-sectional study included 287 adolescents who attended pediatric outpatient screening after school-
based outreach conducted between November 21 and December 6, 2023. Frequencies were reported with Wilson 95% confidence
intervals (Cls). Multivariable logistic regression was used to assess factors associated with elevated or hypertensive-range BP.

Results: The sample included 204 girls and 83 boys; the median age was 14.0 years. Overweight/obesity was identified in 32.1%
(95% Cl, 26.9-37.7); elevated/hypertensive-range BP in 19.5% (95% Cl, 15.3-24.5); anemia in 17.1% (95% Cl, 13.1-21.9); ferritin <15
ng/mL in 24.7% (95% Cl, 20.0-30.2); vitamin B12 <200 pg/mL in 18.8% (95% Cl, 14.6-23.8); and folate <4 ng/mL in 15.1% (95% ClI,
11.3-19.8). Boys [adjusted odds ratio (OR), 2.38; 95% Cl, 1.17-4.83] and body mass index standard deviation score (aOR, 3.03; 95%
Cl, 2.17-4.25) were independently associated with elevated/hypertensive-range BP

Conclusion: School-linked screening identified excess weight, abnormal BP screening findings, anemia, and micronutrient deficiencies.
Such programs should integrate cardiometabolic assessment with sex-sensitive hematologic and micronutrient evaluation.

Keywords: Adolescent, school health services, mass screening, pediatric obesity, blood pressure, anemia, micronutrients

Introduction

Adolescence is a critical developmental period during
which nutritional status, adiposity, blood pressure (BP)
patterns, and micronutrient reserves may influence future
cardiometabolic and hematologic health (1). Excess
weight in childhood and adolescence remains a major
public health concern, with recent global estimates
showing a sustained and increasing burden of overweight
and obesity among children and adolescents (2). Elevated
BP during childhood and adolescence is also clinically
important because pediatric hypertension predicts later
cardiovascular risk, and recent systematic and scoping
reviews have highlighted the global and European burden

of pediatric hypertension, the higher risk among children
and adolescents with overweight or obesity, and the
relevance of school-based BP screening (3-5). At the same
time, anemia, iron deficiency, and vitamin B12 insufficiency
may occur during school age and adolescence and
may remain clinically silent unless actively screened (6).
Therefore, school-linked health screening may provide an
opportunity to identify adolescents who do not routinely
attend preventive healthcare visits (4).

In Tdrkiye, national surveillance data and previous
primary care-based screening data indicate that excess
weight, BP abnormalities, and anemia remain relevant
health issues among school-aged children and adolescents
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(7,8). School-inked screening activities may be organized
through collaboration between education authorities
and healthcare institutions, with students being
informed at school and referred for clinical evaluation
when appropriate. However, Turkish data evaluating
anthropometric status, BP measurements, anemia, iron
status, vitamin B12, and folate together in adolescent
school-linked screening settings are limited. In addition,
because laboratory testing is not always completed for all
students reached during outreach activities, studies based
on completed clinical and laboratory screening pathways
should clearly distinguish analytic cohort frequencies from
population-level prevalence estimates.

We hypothesized that a schoolHinked adolescent
screening pathway would identify a substantial burden of
excess weight, elevated/hypertensive-range BR anemia,
and micronutrient deficiencies, with sex- and body mass
index (BMl)-related differences in selected abnormalities.
Therefore, this study aimed to determine the frequency
of predefined screening-detected abnormalities among
adolescents who completed a schoollinked clinical
and laboratory screening pathway and to explore their
associations with sex and BMI categories. By defining these
patterns, the study may contribute to the development
of more targeted adolescent screening and follow-up
strategies that integrate cardiometabolic, hematologic,
and micronutrient assessments.

Materials and Methods

Compliance with Ethical Standards

The study was approved by an University of Health
Sciences Turkiye, Istanbul Haseki Training and Research
Hospital  Institutional ~ Non-Interventional  Scientific
Research Ethics Committee (approval no: 222-2026, date:
30.04.2026). Institutional administrative permission had
also been obtained before the retrospective analysis. The
study was conducted in accordance with the principles of
the Declaration of Helsinki. The requirement for informed
consent was waived because the study was retrospective
and utilized anonymized data collected from routine
screening.

Study Design and Setting

This retrospective cross-sectional study used records
from a schoollinked adolescent health screening
pathway coordinated by a training and research hospital
in collaboration with a district directorate of national
education. The school-based outreach process and
subsequent pediatric outpatient screening were conducted
between November 21, 2023, and December 6, 2023.
The participant flow is shown in Figure 1.
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Students reached and invited during
school-based outreach

(n=1,264)
Did not complete the pediatric
P outpatient screening pathway
(n=977)
- Did not attend hospital-based
A4 screening, or
— - Attended other specialty
Attended ,the p(a.d{anlc outpatient clinics according to
outpatient clinic individual complaints
(n=287) - No pediatric clinical and
laboratory screening data available

A4

Examined by a pediatrician and
underwent requested screening tests
(n=287)

Y

Included in the analytic cohort
(n=287)

Figure 1. Participant flow of the schoollinked adolescent
screening cohort

Atotal of 1,264 students were reached and invited during school-
based outreach. Of these, 287 attended the pediatric outpatient
clinic, were examined by a pediatrician, underwent requested
screening tests, and were included in the analytic cohort.
Students who did not attend pediatric outpatient screening
or who attended other specialty outpatient clinics were not
included because pediatric clinical and laboratory screening data
were not available

Participants, Inclusion Criteria, and Exclusion
Criteria

During the school-based outreach phase, 1,264
adolescents were reached and informed. Students who
had neither a known chronic disease nor regular follow-
up at a healthcare center were invited to attend pediatric
outpatient screening. Students with a known chronic
disease or who were receiving regular healthcare follow-
up were not targeted for this screening pathway.

The analytic cohort included adolescents who attended
the pediatric outpatient clinic after school-based outreach
and for whom anthropometric and BP measurements
and relevant laboratory data were available. Adolescents
with a known chronic disease were excluded. Data on
medication use, vitamin or iron supplementation, and
menstrual history were not systematically available. No
pediatric clinical or laboratory screening data were available
for students who did not attend the pediatric outpatient
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clinic or who attended other specialty outpatient clinics for
individual complaints. Therefore, the present analysis was
restricted to 287 adolescents who completed the clinical
and laboratory screening pathway.

Sample Size

Assuming a finite population of 23,400 high school
students in the district, an expected prevalence of 50%,
a 5% absolute precision, a 95% confidence level, and a
design effect of 1, the minimum sample size required
to estimate prevalence in the target population was
calculated to be 378 using OpenEpi version 3. The final
analytic sample was smaller than this target; therefore,
frequency estimates were interpreted as findings from
the analytic cohort rather than precise population-level
prevalence estimates. Accordingly, this study should
be considered an exploratory descriptive analysis of
adolescents who completed the clinical and laboratory
screening pathway. The reported estimates represent
analytic cohort frequencies and should not be interpreted
as population prevalence estimates.

Outcomes

The primary outcome was the frequency of predefined
screening-detected abnormalities in the analytic cohort,
including underweight, overweight, obesity, waist
circumference =90" percentile, elevated/hypertensive-
range BP anemia, low ferritin concentration, transferrin
saturation <16%, iron deficiency anemia, vitamin B12
deficiency, borderline/insufficient vitamin B12 status, and
folate deficiency. Secondary outcomes were differences
in these abnormalities by sex and BMI category and the
independent associations of age, sex, and BMI standard
deviation score (SDS) with elevated or hypertensive-range
BP

Measurements and Definitions

Age, sex, body weight, height, BMI, BMI percentile, BMI
SDS, waist circumference, waist circumference percentile,
mid-upper arm circumference (MUAC), systolic BP diastolic
BP hemoglobin, serum iron, total iron-binding capacity,
ferritin, vitamin B12, and folate were obtained from the
hospital information system. Transferrin saturation was
calculated as serum iron divided by total iron-binding
capacity and then multiplied by 100.

Body mass index-based nutritional status was classified
according to age- and sex-specific BMI percentile categories
as underweight (<5" percentile), normal weight (5" to
<85™ percentile), overweight (85" to <95" percentile),
and obesity (295" percentile) (9).

Mid-upper arm circumference was evaluated as a
complementary anthropometric screening indicator and
classified according to age- and sex-specific MUAC-for-age
categories (10). Waist circumference at or above the 90"
percentile was considered high.
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Systolic and diastolic BP were measured by the same
clinician using an oscillometric device with an appropriately
sized cuff after 10 minutes of seated rest. A single blood
pressure measurement was obtained during the screening
encounter; repeated measurements were not averaged.
Blood pressure categories were defined according to
the 2017 American Academy of Pediatrics thresholds for
adolescents aged 13 years or older (11). For this age group,
normal BP was defined as systolic BP <120 mmHg and
diastolic BP <80 mmHg; elevated BP as systolic BP 120-129
mmHg and diastolic BP <80 mmHg; stage 1-range BP as
systolic BP 130-139 mmHg or diastolic BP 80-89 mmHg;
and stage 2-range BP as systolic BP =140 mmHg or diastolic
BP =90 mmHg. Because BP was measured during a single
screening encounter, elevated values were interpreted as
screening-detected elevated BP or as hypertensive-range
BP rather than confirmed hypertension.

Anemia was defined according to age- and sex-specific
World Health Organization hemoglobin thresholds:
hemoglobin <12 g/dL for adolescents aged 12-14 years
and girls aged 15 years or older, and hemoglobin <13
g/dL for boys aged 15 years or older (12). Low ferritin
concentration was defined as serum ferritin <15 ng/mL
(13). Transferrin saturation <16% was also reported as a
marker of low iron availability. Iron deficiency anemia was
defined as the coexistence of anemia and a serum ferritin
level <15 ng/mL. Vitamin B12 deficiency was defined as
<200 pg/mL, and Vitamin B12 levels of 200-299 pg/mL
were reported as borderline low. Vitamin B12 levels <300
pg/mL have also been reported to capture both deficient
and borderline low values. Folate deficiency was primarily
defined as <4 ng/mL, with <3 ng/mL also reported as a
stricter threshold (14).

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics version 25.0 (IBM Corp., Armonk, NY, USA).
Distributions of continuous variables were assessed using
the Shapiro-Wilk test and visual inspection of normal
probability plots. Normally distributed continuous variables
were presented as mean + standard deviation, whereas
non-normally distributed variables were presented as
median interquartile range (IQR). Categorical variables
were summarized as numbers and percentages.

The frequencies of predefined screening-detected
abnormalities were reported with 95% confidence intervals
(Cls) calculated using the Wilson method. Comparisons
between categorical variables were performed using
Pearson’s chisquare test or Fisher's exact test, as
appropriate, based on expected cell counts. Statistically
significant p-values were shown in bold in the tables.

Multivariable logistic regression analysis was performed
to identify factors independently associated with elevated/
hypertensive-range BP Age, sex, and BMI SDS were
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selected a priori based on clinical relevance and to avoid
overfitting, considering the number of adolescents with
elevated/hypertensive-range BP Results were reported
as adjusted odds ratios with 95% Cls. Model fit and
performance were evaluated using the Hosmer-Lemeshow
goodness-of-fit test, Nagelkerke R2, classification accuracy,
and the cstatistic/area under the receiver operating
characteristic curve. A two-sided p-value <0.05 was
considered statistically significant.

Results

A total of 1,264 students were reached and invited
during the school-based outreach phase. Among them,
287 adolescents attended the pediatric outpatient clinic,
were examined by a pediatrician, underwent the requested
screening tests, and constituted the analytic cohort (Figure
1). Students who did not attend pediatric outpatient
screening or attended other specialty outpatient clinics
were excluded because pediatric clinical and laboratory
screening data were unavailable.

The median age of the analytic cohort was 14.0 years
(IQR, 14.0-14.0), and 204 participants (71.1%) were
girls. Continuous clinical and laboratory characteristics are

Waist circumference =90" percentile was identified in
49 adolescents (17.1%). Normal BP was recorded in 231
adolescents (80.5%), elevated BP in 15 (5.2%), stage-1
range BP in 38 (13.2%), and stage-2 range BP in 3 (1.0%).

The frequencies of predefined screening-detected
abnormalities are presented with 95% confidence
intervals in Table 3. Elevated or hypertensive-range BP was
detected in 56 adolescents (19.5%; 95% Cl, 15.3-24.5),
including 41 adolescents (14.3%; 95% Cl, 10.7-18.8) who
had hypertensive-range BP Anemia was detected in 48 of
281 adolescents (17.1%; 95% Cl, 13.1-21.9); low ferritin
concentration was detected in 68 of 275 adolescents
(24.7%; 95% Cl, 20.0-30.2); transferrin saturation <16%
was detected in 104 of 280 adolescents (37.1%; 95% Cl,
31.7-42.9); and iron deficiency anemia was detected in 30
of 274 adolescents (10.9%; 95% Cl, 7.8-15.2). Vitamin
B12 deficiency, defined as vitamin B12 <200 pg/mL, was
present in 51 of 272 adolescents (18.8%; 95% Cl, 14.6-
23.8). Vitamin B12 <300 pg/mL, representing a broader
category including both deficient and borderline low
values, was present in 174 of 272 adolescents (64.0%;
95% Cl, 58.1-69.4). Folate <4 ng/mL was detected in 41
of 272 adolescents (15.1%; 95% Cl, 11.3-19.8).

shown in Table 1, and categorical characteristics in Table Table 2. Categorical characteristics of the analytic cohort
2. Overall, 21 adolescgnts (7.3%) were underweight, 42 T ‘ n (%)
(14.6%) were overweight, and 50 (17.4%) were obese. o
Thus, 92 adolescents (32.1%) were overweight or obese. :
Girls 204 (71.1)
Table 1. Continuous clinical and laboratory characteristics of B 83 (28.9)
the analytic cohort BMI category
Variable N Summary statistic Underweight 21(7.3)
Age, years 287 14.0 (14.0-14.0) Normal weight 174 (60.6)
Height, cm 287 158.0 (155.0-164.0) Overweight 42 (14.6)
Weight, kg 287 55.0 (46.9-65.0) Obese 50 (17.4)
BMI, kg/m? 287 21.45(19.18-25.00) MUAC category
BMI percentile 287 64.43 (29.46-90.82) Severe malnutrition 5(1.7)
BMI SDS 287 0.35+1.33 Moderate malnutrition 21(7.3)
Waist circumference, cm 287 70.0 (64.0-78.5) At risk of underweight 87 (30.3)
Waist circumference percentile 287 48.0 (18.0-80.0) Normal nutritional status 165 (57.5)
MUAC, cm 285 24.0 (22.0-27.0) At risk of overweight 7 (2.4)
Systolic BE mmHg 287 110.0 (100.0-116.0) Overweight 2 (0.7)
Diastolic BR mmHg 287 60.0 (60.0-72.0) Obese 0 (0.0)
Hemoglobin, g/dL 281 13.1(12.3-14.1) Blood pressure category
Ferritin, ng/mL 275 25.4 (15.0-40.3) Normal blood pressure 231 (80.5)
Vitamin B12, pg/mL 272 268.5 (218.0-329.5) Elevated blood pressure 15(5.2)
Folate, ng/mL 272 5.9 (4.5-7.1) Stage 1-range blood pressure 38 (13.2)
Transferrin saturation, % 280 19.0 (12.9-26.7) Stage 2-range blood pressure 3(1.0)
Values are presented as median (interquartile range) for non-normally distributed Values are presented as n (%). Percentages were calculated using the analytic
variables and mean + standard deviation for normally distributed variables cohort denominator (n=287). Blood pressure categories were based on a single
BMI: Body mass index, BP: Blood pressure, MUAC: Mid-upper arm circumference, screening measurement and do not indicate confirmed hypertension.
SDS: Standard deviation score BMI: Body mass index, MUAC: Mid-upper arm circumference
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Sex-based comparisons are shown in Table 4. Girls had
higher frequencies of anemia, low ferritin concentrations,
and iron deficiency anemia than boys. In contrast, boys had
higher frequencies of waist circumference =90" percentile,
elevated/hypertensive-range BR and hypertensive-range
BP Vitamin B12 and folate abnormalities did not differ
significantly by sex.

Table 3. Frequency of predefined screening-detected
abnormalities

Finding n/N (%) 95% CI
Adiposity and anthropometry

Underweight 21/287 (7.3) 4.8-10.9
Overweight 42/287 (14.6) | 11.0-19.2
Obesity 50/287 (17.4) | 13.522.2
Overweight or obesity 92/287 (32.1) | 26.9-37.7
Waist circumference =90 percentile | 49/287 (17.1) 13.2-21.9
Blood pressure

Elevated/hypertensive-range BP 56/287 (19.5) | 15.3-24.5
Hypertensive-range BP stage 1 or 2 | 41/287 (14.3) | 10.7-18.8
Hematologic and micronutrient findings

Anemia 48/281(17.1) | 13.1-21.9
Ferritin <15 ng/mL 68/275 (24.7) | 20.0-30.2
Transferrin saturation <16% 104/280 (37.1) | 31.7-42.9
Iron deficiency anemia 30/274 (10.9) | 7.8-15.2
Vitamin B12 <200 pg/mL 51/272 (18.8) | 14.6-23.8
Vitamin B12 200-299 pg/mL 123/272 (45.2) | 39.4-51.2
Vitamin B12 <300 pg/mL 174/272 (64.0) | 58.1-69.4
Folate <4 ng/mL 41/272 (15.1) | 11.3-19.8
Folate <3 ng/mL 14/272 (5.1) 3.1-8.5
Values are presented as n/N (%). Confidence intervals were calculated using
the Wilson method

BP: Blood pressure, Cl: Confidence interval

Body mass index category-based comparisons are
shown in Table 5. Waist circumference =90 percentile,
elevated/hypertensive-range BR and hypertensive-range
BP differed significantly across BMI categories, with the
highest frequencies observed among adolescents with
obesity. Hematologic and micronutrient abnormalities did
not differ significantly across BMI categories.

In multivariable logistic regression analysis, boys had
higher odds of elevated/hypertensive-range BP than girls
(aOR, 2.38; 95% Cl, 1.17-4.83; p=0.016). BMI SDS was
independently associated with elevated or hypertensive-
range BP (aOR, 3.03 per 1-SD increase; 95% Cl, 2.17-4.25;
p<0.001), whereas age was not significantly associated
with this outcome (aOR, 1.06; 95% Cl, 0.61-1.86;
p=0.835) (Table 6). The overall model was statistically
significant (¥2=66.562, df=3, p<0.001), with Nagelkerke
R2=0.330. The Hosmer-Lemeshow goodness-of-fit test did
not indicate poor fit (¥2=15.185, df=8, p=0.056). Overall
classification accuracy was 85.7%, and the c-statistic/ AUC
was 0.817 (95% Cl, 0.749-0.885; p<0.001).

Discussion

In this school-linked adolescent screening cohort, excess
weight, elevated or hypertensive-range BP anemia, low
ferritin concentration, abnormal vitamin B12 levels, and
folate deficiency were frequently detected. Approximately
one-third of the analytic cohort had overweight or obesity,
and nearly one-fifth had elevated/hypertensive-range BR
Boys had higher frequencies of abdominal obesity and
abnormal BP screening findings, whereas girls had higher
frequencies of anemia, low ferritin concentrations, and
iron-deficiency anemia. In multivariable analysis, male sex
and BMI SDS were independently associated with elevated
or hypertensive-range BP These findings suggest that
school-linked screening pathways may identify clinically
relevant cardiometabolic and hematologic abnormalities in

Table 4. Comparison of screening-detected abnormalities according to sex

Finding Girls n/N (%) Boys n/N (%) p-value*
Anemia 46/200 (23.0) 2/81 (2.5) <0.001
Ferritin <15 ng/mL 58/196 (29.6) 10/79 (12.7) 0.003
Transferrin saturation <16% 78/200 (39.0) 26/80 (32.5) 0.309
Iron deficiency anemia 28/195 (14.4) 2/79 (2.5) 0.005
Vitamin B12 <200 pg/mL 36/195 (18.5) 15/77 (19.5) 0.846
Vitamin B12 <300 pg/mL 121/195 (62.1) 53/77 (68.8) 0.294
Folate <4 ng/mL 29/195 (14.9) 12/77 (15.6) 0.882
Waist circumference =90t percentile 25/204 (12.3) 24/83 (28.9) <0.001
Elevated/hypertensive-range BP 33/204 (16.2) 23/83 (27.7) 0.025
Hypertensive-range BP stage 1 or 2 19/204 (9.3) 22/83 (26.5) <0.001

Values are presented as n/N (%). *Pearson'’s chi-square test. Statistically significant p-values are shown in bold

BP: Blood pressure
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Table 5. Comparison of screening-detected abnormalities according to BMI category

Finding Underweight n/N (%) | Normal weight n/N (%) | Overweight n/N (%) | Obese n/N (%) | p-value
Anemia 5/20 (25.0) 31/169 (18.3) 6/42 (14.3) 6/50 (12.0) 0.536"

Ferritin <15 ng/mL 7/21(33.3) 46/168 (27.4) 7/42 (16.7) 8/44 (18.2) 0.267*

Transferrin saturation <16% 11/21 (52.4) 62/168 (36.9) 14/42 (33.3) 17/49 (34.7) 0.479*

Iron deficiency anemia 4/20 (20.0) 21/168 (12.5) 2/42 (4.8) 3/44 (6.8) 0.2097

Vitamin B12 <200 pg/mL 2/19 (10.5) 29/161 (18.0) 9/42 (21.4) 11/50 (22.0) 0.718"

Vitamin B12 <300 pg/mL 10/19 (52.6) 101/161 (62.7) 26/42 (61.9) 37/50 (74.0) 0.330*

Folate <4 ng/mL 4/19 (21.1) 22/161 (13.7) 8/42 (19.0) 7/50 (14.0) 0.656"

Waist circumference 290" percentile | 0/21 (0.0) 6/174 (3.4) 7/42 (16.7) 36/50 (72.0) <0.001"
Elevated/hypertensive-range BP 0/21 (0.0) 14/174 (8.0) 12/42 (28.6) 30/50 (60.0) <0.001"
Hypertensive-range BP stage 1 or 2 | 0/21 (0.0) 9/174 (5.2) 9/42 (21.4) 23/50 (46.0) <0.001"
Values are presented as n/N (%).*Pearson’s chi-square test; [Fisher’s exact test. Statistically significant p-values are shown in bold

BMI: Body mass index, BP: Blood pressure

Table 6. Multivariable logistic regression analysis for
elevated/hypertensive-range blood pressure

Variable aOR 95% Cl p-value
Age, per 1-year increase 1.06 0.61-1.86 0.835
Boys vs. girls 2.38 1.17-4.83 0.016
BMI SDS, per 1-SD increase 3.03 2.17-4.25 <0.001

The dependent variable was elevated/hypertensive-range blood pressure. The
model included age, sex, and BMI SDS. Statistically significant p-values are shown
in bold

aOR: Adjusted odds ratio, BMI: Body mass index, Cl: Confidence interval, SDS:
Standard deviation score

adolescents who would otherwise remain outside routine
preventive follow-up.

The proportion of adolescents with overweight or
obesity in the present analytic cohort was notable but
should be interpreted cautiously because the cohort
consisted of students who completed the pediatric
outpatient screening pathway, rather than all students
who were reached during school outreach. Nevertheless,
the finding is consistent with the increasing burden of
adolescent overweight and obesity reported in recent
global estimates and with national data from Turkiye
indicating that excess weight remains an important public
health issue in school-aged children (2,7). Previous primary
care-based data from Tirkiye also support the relevance of
obesity and related risk factors in children and adolescents
(8). In the present study, waist circumference =90"
percentile was particularly frequent among adolescents
with obesity, indicating that excess adiposity was not
limited to BMI-defined obesity but also included central
adiposity, which is clinically relevant for cardiometabolic
risk assessment.

Blood pressure findings are among the most
clinically actionable outcomes of this study. Elevated
or hypertensive-range BP was detected in 19.5% of
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adolescents; hypertensive-range BP was present in 14.3%.
These values should not be interpreted as the prevalence
of confirmed hypertension because BP was measured
during a single screening encounter. However, they
indicate a substantial need for repeated BP measurements
and clinical follow-up. Recent systematic reviews have
emphasized the global and European burden of high BP
and hypertension in children and adolescents, as well as
the association between excess weight and abnormal BP
(3,5). In addition, a recent scoping review of school-based
BP screening highlighted the heterogeneity of screening
methods and the importance of clear referral and
diagnostic pathways after elevated BP is detected (4). Our
finding that BMI SDS was independently associated with
elevated or hypertensive-range BP supports the need to
integrate BP assessment into adolescent obesity screening
pathways rather than relying on anthropometric measures
alone.

The sex differences in BP findings also deserve attention.
Boys had higher frequencies of elevated/hypertensive-
range BP than girls, and male sex remained independently
associated with elevated/hypertensive-range BP after
adjustment for age and BMI SDS. This suggests that sex-
related differences in adolescent BP screening findings
may not be fully explained by adiposity alone. Because
pubertal stage, physical activity, dietary sodium intake,
family history, and repeated BP measurements were not
available, the mechanisms underlying this difference could
not be evaluated. Therefore, the observed association
should be interpreted as a screening signal requiring
follow-up rather than evidence of established sex-specific
hypertension risk in this cohort.

Hematologic and iron-related abnormalities were
also common. Anemia, low ferritin concentration,
transferrin saturation <16%, and iron deficiency anemia
were detected in 17.1%, 24.7%, 37.1%, and 10.9% of
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adolescents, respectively. These findings are compatible
with  previous reports showing that iron-related
abnormalities remain relevant among school-age children
and adolescents and may be identified through screening-
based approaches (6,15,16). Girls had markedly higher
frequencies of anemia, low ferritin concentrations, and
iron-deficiency anemia than boys. Menstrual blood loss,
dietary iron intake, and sex-specific nutritional patterns
may contribute to this difference; however, menstrual
history and detailed dietary data were not systematically
available in the present study. Therefore, the sex difference
should be discussed as a clinically plausible finding rather
than attributed to a single mechanism.

Findings for vitamin B12 and folate indicate that
micronutrient  assessment may provide additional
information beyond anthropometry and BP measurements.
Vitamin B12 concentrations <200 pg/mL and <300 pg/
mL were detected in 18.8% and 64.0% of adolescents,
respectively. The latter threshold includes both deficient
and borderline low values and should therefore be
interpreted as a broader screening indicator rather than
a definitive indicator of biochemical deficiency. Previous
pediatric and adolescent studies have also shown that
vitamin B12 insufficiency may be frequent, although
reported frequencies vary according to population
characteristics and biochemical thresholds (6,17,18).
Folate concentrations were detected in 15.1% of
adolescents, whereas concentrations <3 ng/mL were less
frequent. Because serum folate interpretation in otherwise
healthy children and adolescents may be influenced by
testing context and threshold selection, folate findings
should be interpreted as screening signals requiring
clinical correlation rather than as standalone diagnostic
conclusions (14,19,20).

An important finding was that the frequency of
hematologic and micronutrient abnormalities did not differ
significantly across BMI categories, whereas the frequency
of waist circumference and BP abnormalities increased
markedly with higher BMI categories. This pattern suggests
that BMI-based targeting alone may be insufficient for
detecting anemia, low ferritin concentration, vitamin
B12 abnormality, or folate deficiency. In practical terms,
adolescents with normal BMI may still require hematologic
and micronutrient assessment depending on the clinical
context, dietary risk, symptoms, and local screening
priorities. Conversely, adolescents with overweight or
obesity may require structured cardiometabolic follow-
up, especially repeat BP measurement, in addition to
nutritional counseling.

Taken together, these findings support a school-linked
screening model that combines anthropometric, BPR
hematologic, and micronutrient assessments. However,
the results indicate that screening programs should be
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designed with clear post-screening pathways. Adolescents
with elevated/hypertensive-range BP require repeat office
BP measurements and, when indicated, further diagnostic
evaluation rather than immediate labeling as having
hypertension (11). Similarly, adolescents with anemia,
low ferritin concentration, vitamin B12 abnormality, or
folate deficiency require clinical assessment to confirm the
abnormality, evaluate the etiology, and guide treatment.
In this context, school-linked screening should be viewed
not as a standalone diagnostic intervention but as an entry
point into structured adolescent preventive care.

Study Limitations

This study has several limitations. First, the study
employed a retrospective cross-sectional design and was
conducted within a single school-linked screening pathway,
limiting causal inference and generalizability. Second,
although 1,264 adolescents were reached and informed
during school-based outreach, individual-level clinical and
laboratory data were available for only 287 adolescents
who completed the pediatric outpatient screening
pathway. Therefore, the analytic cohort may not represent
all students reached during outreach, and selection bias
cannot be excluded. The analytic sample was also smaller
than the sample size calculated for precise population-level
prevalence estimation. For this reason, the reported values
should be interpreted as frequencies within the analytic
cohort of attendees rather than as population prevalence
estimates.

Third, BP was measured during a single screening
encounter using an oscillometric device. Although
measurements were performed by the same clinician
using an appropriately sized cuff after a period of
seated rest, repeat measurements on separate visits and
ambulatory BP monitoring were not available. Therefore,
elevated or hypertensive-range BP values should be
interpreted as screening findings rather than confirmed
hypertension. Fourth, although adolescents with known
chronic diseases were excluded, data on medication
use, vitamin or iron supplementation, menstrual history,
dietary intake, socioeconomic indicators, inflammatory
markers, and follow-up outcomes were not systematically
collected. These unmeasured factors may have influenced
hematologic, micronutrient, and BP findings. Finally, ferritin
was interpreted as an iron-store marker, but inflammatory
status was not assessed; therefore, ferritin results should
be interpreted in the context of screening rather than for
definitive etiologic classification.

Despite these limitations, the study provides clinically
relevant school-linked screening data from an adolescent
cohort, evaluated using standardized anthropometric and
BP definitions, along with hematologic and micronutrient
measurements. The inclusion of confidence intervals, sex-
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and BMI category-based comparisons, and multivariable
analysis for elevated/hypertensive-range BP improves
the transparency and interpretability of the findings. The
results may inform more structured screening and referral
pathways for adolescents that combine cardiometabolic
and nutritional assessments.

Conclusion

Among adolescents who completed a school-linked
clinical and laboratory screening pathway, excess weight,
elevated or hypertensive-range BR anemia, low ferritin
concentration, vitamin B12 abnormalities, and folate
deficiency were frequently detected. Girls had a higher
burden of anemia and iron-related abnormalities, whereas
boys had higher frequencies of abdominal obesity and
abnormal BP screening findings. Higher BMI SDS and
male sex were independently associated with elevated or
hypertensive-range BR These findings support integrating
repeat BP assessment and targeted hematologic and
micronutrient evaluation into school-linked adolescent
health screening pathways, with particular attention to
cardiometabolic follow-up in adolescents with higher BMI
and to iron status evaluation in girls.
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Abstract

Aim: Ocular surface involvement in rheumatoid arthritis (RA) is well documented; however, the role of age at onset has not been
characterized using modern topographic imaging. We compared ocular surface and meibomian gland phenotypes among early-onset
RA (EORA), late-onset RA (LORA), and healthy controls, and related these phenotypes to systemic inflammatory and serologic features.

Methods: This single-center, retrospective, cross-sectional study (October 2022-September 2025) enrolled 126 age-matched
participants: EORA, LORA, and healthy controls (n=42 per group). Rheumatoid arthritis was diagnosed according to the 2010 American
College of Rheumatology/European League Against Rheumatism criteria. All participants completed the Ocular Surface Disease Index
questionnaire and underwent slit-lamp biomicroscopy, Schirmer | testing, and Sirius+ topography to assess non-invasive break-up time,
tear film thickness, and infrared meibography. 28-joint Disease Activity Score, rheumatoid factor, anti-cyclic citrullinated peptide, and
antinuclear antibody status were recorded. Kruskal-Wallis test with Dunn-Bonferroni post-hoc comparisons, and chi-square or Fisher’s
exact tests were applied (p<0.05).

Results: Meibomian gland atrophy showed a trend toward higher values in EORA than in controls [33.0% (interquartile range 25.0-
43.0) vs. 18.0% (10.0-35.8); p=0.076 after Bonferroni correction]. Ocular Surface Disease Index differed markedly across groups
(EORA 41.0; LORA 15.0; controls 7.0; p<0.001). Tear film thickness was greatest in LORA (240.0 um) and lowest in EORA (180.0 um;
p=0.049). Seropositivity was highest in EORA (80.0%) compared with LORA (63.2%) and controls (23.1%; p<0.001). Smoking was
more frequent in LORA (28.6%) than in EORA (4.8%; p=0.011). 28-joint Disease Activity Score, erythrocyte sedimentation rate, and
C-reactive protein did not differ between RA groups.

Conclusion: Despite comparable systemic disease activity, EORA and LORA appear to represent two distinct ocular surface phenotypes.
Early-onset RA was associated with symptomatic presentation, seropositivity, and a trend toward greater meibomian gland atrophy,
whereas LORA showed tear film instability, higher smoking exposure, and lower symptom reporting. Objective meibography, rather
than symptom scoring alone, may help avoid underdiagnosis in older-onset RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic, systemic
inflammatory disease that primarily affects the synovial
joints but also injures highly vascularized extra-articular
tissues, including the ocular surface (1). Recent
epidemiologic data place the global RA prevalence
between 0.5% and 1.0% and confirm a steady rise in
older-onset cases as populations age (2). Two clinical
entities are now recognized on the basis of age at
disease onset: [early-onset RA (EORA), onset <60 years]
and [late-onset RA (LORA), onset =60 years], and recent
reviews position LORA as a pathogenically distinct subset
driven by immunosenescence, inflammaging, and clonal
hematopoiesis rather than by classical autoimmunity (3,4).
A 2026 systematic review and meta-analysis of more than
5,000 patients reported persistently higher post-treatment
28-joint Disease Activity Score (DAS28) scores and lower
biologic-induced remission rates in LORA, supporting the
view that age at onset modifies both immune phenotype
and therapeutic response (5).

Ocular surface and meibomian gland involvement
in RA has been described, but the relative contribution
of EORA versus LORA remains poorly characterized in
modern imaging studies. Comparative work to date has
focused on joint and systemic features, with sonographic
and clinical studies suggesting more active synovitis and a
higher comorbidity burden in LORA, while autoantibody
load and erosive disease tend to predominate in EORA
(6,7). The eye-related literature has largely treated RA as a
single disease, with ocular involvement reported in 28-55%
of patients and ranging from mild keratoconjunctivitis sicca
to vision-threatening peripheral ulcerative keratitis (8,9).
Quantitative meibography, which directly visualizes acinar
atrophy, has rarely been applied to the EORA versus LORA
comparison, and the interaction with smoking exposure,
an established environmental driver of citrullination and
ocular surface damage, has not been systematically
addressed (10).

We hypothesized that despite comparable systemic
disease activity, EORA and LORA patients would display
measurably different ocular surface phenotypes, with
EORA showing more aggressive meibomian gland
atrophy and higher subjective symptom burden and LORA
showing tear film instability that is partially masked by
reflex tearing related to environmental smoking. The aim
of this retrospective, age-matched, single-center study
was to compare ocular surface and meibomian gland
imaging parameters between EORA, LORA, and healthy
controls and to relate the findings to the autoantibody
profile, smoking status, and DAS28-based disease activity.
We aimed to provide phenotype-specific guidance for
ophthalmologists managing RA patients, particularly the
under-recognized LORA subgroup.
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Materials and Methods

Compliance with Ethical Standards

This study was approved by the Usak University
Non-Interventional Studies Ethics Committee (approval
number: 907-907-12, date: 23.10.2025) and conducted
in accordance with the principles of the Declaration of
Helsinki. All patient identifiers were removed before
analysis. The authors declare no conflict of interest. The
study received no external funding.

Study Design

This was a single-center, retrospective, cross-sectional,
comparative imaging study conducted in the Departments
of Ophthalmology and Rheumatology at Usak University
Training and Research Hospital between October 2022
and September 2025. Records of consecutive RA patients
and age-matched non-RA controls were screened and
examined for refractive evaluation. The detailed participant
flow is shown in Figure 1.

Participants and Eligibility Criteria

Three groups were enrolled: EORA (disease onset
before 60 years of age, n=42), LORA (disease onset at
or after 60 years of age, n=42), and age-matched healthy
controls (n=42). The diagnosis of RA was based on the
2010 American College of Rheumatology/European
League Against Rheumatism classification criteria, and
patients had at least one year of follow-up. Inclusion
required age =18 years and the ability to complete the
Ocular Surface Disease Index (OSDI) questionnaire and
Sirius+ imaging. Exclusion criteria were spherical equivalent
exceeding £3.00 D, prior ocular or eyelid surgery, long-term
contact-lens wear, active ocular infection or inflammation
other than RA-related changes, allergic or vernal/atopic
keratoconjunctivitis, use of topical ocular medications
other than non-preserved artificial tears within the
preceding 3 months, and any corneal pathology that
would interfere with topographic imaging. Only the right
eye of each participant was analyzed to avoid inter-eye
correlation.

Ophthalmic Assessment

All participants underwent a standardized ophthalmic
examination by a single experienced clinician (A.B.), which
included best-corrected visual acuity, autorefraction, slit-
lamp biomicroscopy of the lids, conjunctiva, cornea,
and tear film, intraocular pressure measurement,
fluorescein staining with non-preserved dye, and the OSDI
guestionnaire. Schirmer | testing was performed without
anesthesia, and values of <5 mm/5 min were recorded as
positive for aqueous tear deficiency. Non-invasive break-
up time and tear film thickness were measured using
the Sirius+ topography system (CSO, Florence, Italy) with
Phoenix software (version 4.1.3.1).
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Records of patients evaluated at the
Ophthalmology and Rheumatology departments
(October 2022 - September 2025) (n = 412)

¢ Excluded (n = 286)

Refractive error >+3.00 D (n=42)
-’ Prior ocular surgery (n=30)
Long-term contact-lens wear (n=21)

Screened against inclusion /
exclusion criteria (n = 412)

\_ N J Active inflammation / infection (n=18)
Topical medications (n=22)
Ungradable images / drop-out (n=153)
' R
& J
Eligible participants (n = 126)
k / l \ J
EORA group LORA group Healthy controls
(onset <60y) - n =42 (onset =60y) - n =42 (age-matched) - n = 42
( \ \ 2
Standardized Standardized Standardized ophthalmic
ophthalmic workup ophthalmic workup workup (same protocol)
OSDI questionnaire OSDI questionnaire No rheumatologic data
Slit-lamp biomicroscopy Slit-lamp biomicroscopy collected for healthy
Schirmer | test (no anesthesia) Schirmer | test (no anesthesia) controls
Sirius+ topography Sirius+ topography
NIBUT and tear film thickness NIBUT and tear film thickness
Infrared meibography (right eye) Infrared meibography (right eye)
| J J O J
A 4
' N\ [ N
Rheumatologic data Rheumatologic data
DAS28, ESR, CRP DAS28, ESR, CRP
RF, anti-CCP, ANA RF, anti-CCP, ANA
DMARDs DMARDs
_ J

Statistical analysis

Kruskal-Wallis with Dunn post-hoc (Bonferroni correction);
smoking-stratified sensitivity analysis and
multivariable models (ANCOVA, logistic regression)

Figure 1. Study flow diagram. Flow of patients screened, excluded, enrolled, and analyzed in the EORA, LORA, and control groups.
Standardized ophthalmic and rheumatologic workups were applied across the rheumatoid arthritis groups; healthy controls underwent
the same ophthalmic protocol without rheumatologic data collection

EORA: Early-onset rheumatoid arthritis, LORA: Late-onset rheumatoid arthritis, OSDI: Ocular Surface Disease Index, NIBUT: Non-invasive break-up
time, DAS28: 28-joint Disease Activity Score, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, RF: Rheumatoid factor, anti-CCP: Anti-cyclic
citrullinated peptide, ANA: Antinuclear antibody, DMARD: Disease-modifying anti-rheumatic drug

Meibography and Gland-atrophy Quantification software (Phoenix v.4.1.3.1) within the user-specified
Infrared meibography was acquired using the boundaries. The automatic atrophy estimation provided
meibography module embedded in the Sirius+ by the Sirius+ device shows good intra-device repeatability
platform; the percentage of meibomian gland atrophy and  segmentation performance  comparable to
was automatically generated by the device’s analysis recently validated convolutional-neural-network-based
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meibography algorithms reported by Wang et al. (11) and
Yesilirmak et al. (12), with semantic-segmentation Jaccard
indices in the same range as those of expert graders (13).
Each acquisition was screened for image quality (proper
lid eversion, focus, and absence of motion blur) before
automatic analysis, and unusable images were discarded
and retaken.

Rheumatologic Assessment

For RA patients, disease duration, age at diagnosis,
current and prior exposure to disease-modifying anti-
rheumatic drugs (DMARDs), smoking status, and
comorbidities were recorded. Laboratory parameters
included rheumatoid factor (RF), anti-cyclic citrullinated
peptide  (anti-CCP),  antinuclear antibody (ANA),
erythrocyte sedimentation rate (ESR), and Creactive
protein (CRP) (Tables 1 and 2). Disease activity was
assessed using the DAS28. Rheumatoid factor was
measured by nephelometric assay and regarded as positive
at the laboratory reference cut-off (>14 IU/mL); anti-CCP
antibodies were measured by enzyme immunoassay and
regarded as positive above the manufacturer’s threshold
(>17 U/mL). The same assays and cut-offs were applied
to all participants, including controls, so that seropositivity
in the control group reflects RF positivity at the standard
diagnostic cut-off rather than low-titre or borderline
reactivity. In the control group, serologic results were
available only for participants for whom testing had been
requested during routine evaluation, and this subset
defined the denominator for control serology.

Statistical Analysis

An a priori power calculation for a one-way analysis of
variance with three groups was conducted using G*Power
v.3.1.9.2. An effect size of f=0.30, an alpha=0.05, and
a power=0.80 indicated a minimum of 37 subjects per
group; 42 subjects per group were enrolled to allow for
exclusions. Distributional assumptions were assessed with
Shapiro-Wilk testing; all primary continuous outcomes

deviated from normality and were therefore analyzed with
the Kruskal-Wallis test followed by Dunn post-hoc pairwise
comparisons with Bonferroni correction. Categorical
variables were compared using the chi-square or Fisher’s
exact test, as appropriate. Pre-specified sensitivity
analyses were performed: a smoking-stratified Kruskal-
Wallis comparison of tear film thickness, meibomian
gland atrophy, and OSDI between EORA and LORA; and
multivariable analysis of covariance and logistic regression
adjusting for smoking and seropositivity (Tables 3 and
4). The analysis of covariance modeled each continuous
ocular surface outcome (meibomian gland atrophy, tear
film thickness, and OSDI), with group as the factor and
smoking and seropositivity as covariates; logistic regression
modeled seropositivity with group and smoking as
predictors. Effect estimates [beta coefficients or odds ratios
(ORs)] with 95% confidence intervals (Cls) are reported in
Table 5. These multivariable models were secondary and
were not corrected for multiple comparisons; thus, they
complement rather than replace the Bonferroni-corrected
primary analyses. Because of the moderate sample
size and the marked imbalance in smoking prevalence
between groups (4.8% in EORA vs. 28.6% in LORA), the
multivariable models were considered supportive rather
than demonstrating causality; results are reported with
effect estimates and 95% Cls where appropriate. p<0.05
was considered statistically significant. Analyses were
performed using GraphPad Prism v10.6.1 for macOS
(GraphPad Software, Boston, MA, USA).

Results

A total of 126 participants were included (EORA n=42,
LORA n=42, controls n=42). The median age was similar
across groups [62.0 (60.5-63.5) years vs. 66.0 (61.0-71.0)
years vs. 64.0 (62.0-66.0) years; p=0.06]. Demographic,
serologic, and ocular surface variables are summarized in
Tables 1-3 and Figure 2.

Table 1. Demographic, systemic, and ocular surface characteristics of early-onset (EORA), late-onset (LORA), and control groups

Variable EORA (n=42) LORA (n=42) Controls (n=42) p-value
Age (years) 62.0 (60.5-63.5) 66.0 (61.0-71.0) 64.0 (62.0-66.0) 0.060
ESR (mm/h) 21.0 (14.5:25.0) 21.0 (14.0-31.5) n.a. 0.861
CRP (mg/L) 6.2 (3.820.4) 6.5 (2.2-19.8) n.a. 0.70t
DAS28 3.8 (2.7-4.6) 3.2 (2.7-4.1) n.a. 0.59"
Meibomian gland atrophy (%) 33.0 (25.0-43.0) 26.0 (22.0-39.5) 18.0 (10.0-35.8) 0.035*
Tear film thickness (um) 180.0 (115.0-230.0) 240.0 (200.0-315.0) 200.0 (180.0-245.0) 0.049*
NIBUT (s) 9.0 (6.0-12.0) 10.0 (6.0-12.0) 11.0 (7.3-14.0) 0.353
OSDI score 41.0 (18.5-45.5) 15.0 (11.0-24.5) 7.0 (3.3-12.0) <0.001*

Values are median (interquartile range). Three-group comparisons used the Kruskal-Wallis test; fIndicates a two-group Mann-Whitney U test (EORA vs. LORA only) for
biomarkers limited to the rheumatoid arthritis groups. *p<0.05
EORA: Early-onset rheumatoid arthritis, LORA: Late-onset rheumatoid arthritis, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, DAS28: 28-joint Disease Activity

Score, NIBUT: Non-invasive break-up time, OSDI: Ocular Surface Disease Index
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Table 2. Distribution of categorical variables across groups

Variable EORA (%) LORA (%) Controls (%) p-value
Male sex 23.8 26.2 38.1 0.872
Smoking 4.8 28.6 214 0.011*
Any comorbid disease 26.2 28.6 31.0 0.321
Diabetes mellitus 7.1 11.9 7.1 0.441
Hypertension 16.7 19.0 19.0 0.553
Coronary artery disease 4.8 7.1 23.8 0.107
Seropositivity (RF and/or anti-CCP) 80.0 63.2 23.1 <0.001*
RF positivity 73.3 63.2 23.1 <0.001*
Anti-CCP positivity 60.0 52.6 0.0 <0.001*
ANA positivity 40.0 31.6 15.4 0.193
Extra-articular involvement 7.1 0.0 0.0 0.076
Prednisolone use 21.4 16.7 0.0 0.300
Methotrexate use 14.3 23.8 0.0 0.510
Leflunomide use 19.0 14.3 0.0 0.296
Biologic DMARD use 4.8 2.4 0.0 0.571
Hydroxychloroquine use 4.8 9.5 0.0 0.672
Sulfasalazine use 4.8 0.0 0.0 0.187
Limbal hyperemia (score =1) 16.7 19.0 26.2 0.140
Positive Schirmer test (<5 mm/5 min) 9.5 7.1 0.0 0.030*

Categorical variables compared with the chi-square test or Fisher exact test as appropriate. *p<0.05
Serologic percentages were calculated among participants with available serology; in the control group, this denominator comprised only those tested during routine
evaluation, and control seropositivity denotes rheumatoid factor positivity at the standard laboratory cut-off (>14 1U/mL), not low-titre reactivity

EORA: Early-onset rheumatoid arthritis, LORA: Late-onset rheumatoid arthritis, RF: Rheumatoid factor, anti-CCP: Anti-cyclic citrullinated peptide, ANA: Antinuclear antibody,
DMARD: Disease-modifying anti-rheumatic drug

Table 3. Dunn post-hoc pairwise comparisons (Bonferroni correction) for variables with significant Kruskal-Wallis results

Variable Comparison z p-value Bonferroni-adjusted p
EORA vs. LORA 0.56 0.578 1.000
Meibomian gland atrophy (%) EORA vs. controls 2.24 0.025 0.076
LORA vs. controls 1.99 0.047 0.140
EORA vs. LORA 2.24 0.025 0.075
Tear film thickness (um) EORA vs. controls 1.55 0.121 0.363
LORA vs. controls 1.40 0.163 0.490
EORA vs. LORA 2.37 0.018 0.055
OSDI score EORA vs. controls >3.6 <0.001 <0.001*
LORA vs. controls 3.40 <0.001 0.002*

Only variables with a significant Kruskal-Wallis p<0.05 entered the post-hoc analysis. *p<0.05 after Bonferroni correction
EORA: Early-onset rheumatoid arthritis, LORA: Late-onset rheumatoid arthritis, OSDI: Ocular Surface Disease Index

Table 4. Smoking-stratified sensitivity analysis of ocular surface outcomes between EORA and LORA non-smokers

Variable EORA non-smokers (n=40) LORA non-smokers (n=30) p-value
Meibomian gland atrophy (%) 33.5 (26.0-44.0) 25.0 (21.0-38.0) 0.046*
Tear film thickness (pm) 182.0 (118.0-232.0) 232.0 (198.0-306.0) 0.062
NIBUT (s) 9.0 (6.0-12.0) 10.5 (7.0-13.0) 0.412
0SDI score 41.5 (19.0-46.0) 16.0 (11.5-25.0) <0.001*

Pre-specified sensitivity analysis restricted to never- or ex-smokers. Two-group comparison performed with the Mann-Whitney U test. *p<0.05
EORA: Early-onset rheumatoid arthritis, LORA: Late-onset rheumatoid arthritis, NIBUT: Non-invasive break-up time, OSDI: Ocular Surface Disease Index
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Table 5. Multivariable models of ocular surface outcomes and seropositivity, adjusted for smoking and seropositivity

Model Outcome/predictor Estimate Adjusted estimate (95% Cl) p-value
ANCOVA OSDI score (EORA vs. LORA) B 27.7 (22.4 t0 33.0) <0.001
ANCOVA Tear film thickness, um (EORA vs. LORA) B -57.9 (-78.5 t0 -37.2) <0.001
ANCOVA Meibomian gland atrophy, % (EORA vs. LORA) § 4.3 (0.1 to0 8.5) 0.045
Logistic regression Seropositivity: EORA vs. others OR 5.7 (2.3 to 14.1) <0.001
Logistic regression Seropositivity: smoking OR 1.3 (0.5 to 3.4) 0.58

Analysis of covariance (ANCOVA) estimates are beta coefficients (B) for the EORA versus LORA contrast (reference: LORA), adjusted for smoking and seropositivity; positive
values indicate higher outcomes in EORA and the tear film thickness coefficient is negative because values were lower in EORA. Logistic regression estimates are odds ratios
for seropositivity (rheumatoid factor and/or anti-CCP), adjusted for smoking. These secondary models were not corrected for multiple comparisons and complement the
Bonferroni-corrected analyses in Table 3. CI: Confidence interval, OSDI: Ocular Surface Disease Index, EORA: Early-onset rheumatoid arthritis, LORA: Late-onset rheumatoid
arthritis
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Figure 2. Violin plots of ocular surface parameters across the three groups. Distribution of meibomian gland atrophy (%), tear film
thickness (um), non-invasive break-up time (s), and Ocular Surface Disease Index score across EORA, LORA, and healthy controls. Boxes
within violins represent medians and IQRs; whiskers show 1.5 x IQR. Three-group comparisons were performed with the Kruskal-Wallis
test
EORA: Early-onset rheumatoid arthritis, LORA: Late-onset rheumatoid arthritis, IQR: Interquartile range, Cl: Confidence interval, RA: Rheumatoid
arthritis

Systemic disease activity did not differ between EORA [median 15.0 (11.0-24.5)], and controls reported minimal
and LORA [DAS28: 3.8 (2.7-4.6) vs. 3.2 (2.7-4.1), p=0.59; symptoms [median 7.0 (3.3-12.0)]. Both RA groups had
ESR, p=0.86; CRR p=0.70]. Seropositivity (RF and/or anti- significantly higher OSDI scores than controls (adjusted
CCP) differed across groups (Figure 3): it was highest p<0.001 for both). The EORA versus LORA comparison
in EORA (80.0%), intermediate in LORA (63.2%), and was borderline significant (adjusted p=0.055).
lowest in controls (23.1%; p<0.001). Rheumatoid factor
and anti-CCP each demonstrated the same gradient (both ,
p<0.001). Antinuclear antibody positivity was highest in ANA| Late Onset RA v Controls g .
EORA (40.0%) but did not reach statistical significance |
(p=O 1 93) ANA | Early Onset RA vs Controls

Meibomian gland atrophy tended to be higher in the !
EORA group [33.0% (25.0-43.0)] than in controls [18.0% RF | Late Onset RA vs Controls ! o
(10.0-35.8)]; overall Kruskal-Wallis p=0.035. The pairwise !
comparison did not remain significant after Bonferroni RE | Early Onset RA vs Controls
correction (EORA vs. control p=0.076). Tear film thickness .
differed across groups (p=0.049), with the highest median o odds Rato fog scale) v
value in LORA [240.0 um (200.0-315.0)] and the lowest in ] _ _ o
FORA [180.0 um (115.0-230 0] no paiwise comparsons  FATe % Forext et of e oo o sl sty
remained significant after Bonferroni correction (Table 3). rheumatoid arthritis subtypes versus healthy controls Odds ratios
Non-invasive break-up time did not differ between groups for RF and ANA positivity in EORA and LORA versus healthy
(p=0.353). controls, plotted on a logarithmic scale with 95% confidence

Ocular Surface Disease Index showed the largest intervals. RF positivity discriminates both RA subtypes from

. . controls. ANA positivity shows a non-significant trend toward
between-group separation (p<0.001). EORA patients higher rates in RA

reported the highest symptom burden [median 41.0 EORA: Early-onset rheumatoid arthritis, LORA: Late-onset rheumatoid
(18.5-45.5)], LORA patients reported intermediate scores  arthritis, RA: Rheumatoid arthritis

Forest Plot: RF and ANA Odds Ratios (RA vs Controls)
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Smoking prevalence differed across groups (4.8%
in EORA, 28.6% in LORA, and 21.4% in controls;
p=0.011). A positive Schirmer test was observed only in
the RA groups (9.5% in EORA, 7.1% in LORA, and 0%
in controls; p=0.030). In the pre-specified, smoking-
stratified analysis restricted to non-smokers, EORA still
exhibited higher meibomian gland atrophy and OSDI
scores than LORA (Table 4), suggesting that the EORA
phenotype was not explained by lower smoking exposure.
In the multivariable models (Table 5), the estimates were
directionally consistent with the unadjusted comparisons.
After adjustment for smoking and seropositivity, OSDI
remained higher in EORA than in LORA (adjusted B 27.7,
95% Cl 22.4 to 33.0; p<0.001), and tear film thickness
remained lower in EORA (adjusted B -57.9, 95% Cl -78.5
to -37.2; p<0.001). The difference in meibomian gland
atrophy was modest, with a Cl that approached the null
(adjusted B 4.3, 95% Cl 0.1 to 8.5; p=0.045), consistent
with a trend rather than a reliable independent effect.
In the logistic model, seropositivity was associated with
EORA (adjusted OR 5.7, 95% Cl 2.3 to 14.1; p<0.001) but
not with smoking (OR 1.3, 95% CI 0.5 to 3.4; p=0.58).
Other comorbidities, DMARD exposure, and ANA status
did not differ between EORA and LORA (Figure 3).

Discussion

An age-matched comparison of ocular surface and
meibomian gland phenotypes between EORA and LORA
cohorts using objective topographic imaging has not
hitherto been reported. The pattern that emerged from
our data was unforeseen in two respects. Early-onset RA
showed a trend toward greater meibomian gland atrophy
and significantly higher OSDI scores than both LORA and
controls, although DAS28, ESR, and CRP were comparable
across RA subgroups; this difference in atrophy did not
remain significant after correction for multiple comparisons
and was therefore interpreted as a trend. LORA, despite
a sixfold higher smoking prevalence, had the thickest tear
film and the lowest symptom burden among RA subgroups.
Seropositivity for RF or anti-CCP. while elevated in both
groups, tracked the EORA gland-atrophy phenotype more
closely than the LORA phenotype.

Our observation that systemic disease activity scores
fail to predict ocular surface severity aligns with the
meta-analysis by Yang et al. (5), which found that LORA
achieved remission less often than younger-onset RA on
biologic and targeted synthetic DMARDs at comparable
baseline DAS28. It also fits the framework of Ma et al.
(3), who place the EORA/LORA distinction at the level
of immune mechanism rather than at the level of joint
count or acute-phase reactants. From this point of view,
the ocular surface may offer a second readout of disease
biology: in EORA, reflecting a phenotype associated with
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long-standing, seropositive, B-cell-related autoimmunity;
in LORA, reflecting an older immune background in
which environmental exposures may play a comparatively
larger role. These interpretations describe associations
rather than demonstrated mechanisms, because the
retrospective design cannot establish causality.

The high seropositivity rates in our EORA group (RF
73.3%, anti-CCP 60.0%) are consistent with, but do not
establish, a B-cell-related contribution to meibomian gland
injury. Anti-citrullinated protein antibodies are increasingly
recognized as drivers of tissue damage beyond the
synovium, and citrullinated targets have been identified
in the lacrimal gland and conjunctival epithelium. The
preferential involvement of meibomian glands, which are
sebaceous and androgen-regulated, may reflect several
mechanisms acting together: direct autoantibody binding
(14,15), long-term cytokine exposure [tumor necrosis
factor alpha, interleukin (IL)-6, IL-17], and loss of androgen-
mediated trophic support. All three are well documented
in RA (16,17). These pathways were not directly assessed
in the present study. Long-standing seropositive RA has
been associated with extra-articular manifestations and
exocrine gland involvement (18), and Targonska-Stepniak
et al.’s (19) comparison of LORA and EORA reported a
similar immune-aggression gradient at the systemic level,
although ocular outcomes were not measured.

The LORA presentation, in which mild symptoms
persist despite the absence of dry eye findings,
warrants closer examination. Cigarette smoke is a well-
characterized ocular surface toxin that destabilizes the
lipid layer, depletes goblet cells, and reduces meibomian
gland density (20). It is conspicuous that the magnitude
of these effects in chronic smokers does not appear to
depend on smoking duration or nicotine dependence
in a dose-dependent manner (20). If smoking exerted
a uniform pressure to increase glandular atrophy in
our LORA group, the higher atrophy observed in EORA
would be consistent with an autoimmune-related
signal; however, this requires validation in a prospective
study. Smoking-related compensatory reflex tearing in
LORA may also explain the greater tear film thickness
despite poorer underlying tear stability, an interpretation
supported by recent immunological data linking smoking
to preferential induction of mucosal IgA anti-citrullinated
protein antibodies (21). Tear film hyperosmolarity has
previously been reported as a feature of RA-related dry
eye, with disease activity, treatment, and age contributing
independently to ocular surface signs (22,23). In our pre-
specified smoking-stratified sub-analysis, the difference
in OSDI between EORA and LORA persisted among non-
smokers, with a similar but weaker trend for meibomian
gland atrophy.
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The sign-symptom dissociation we observed has direct
clinical implications. Early-onset RA patients reported
severe symptoms (median OSDI score of 41), whereas
LORA patients reported only mild symptoms (OSDI score
of 15) despite the presence of moderate gland atrophy.
Two mechanisms could plausibly explain this. Early-
onset RA patients may develop corneal neuropathic pain
and central sensitization against a background of long-
standing systemic inflammation, which would align with
the increased corneal Langerhans-cell density and reduced
corneal nerve fiber length reported by Bitirgen et al. (24) in
RA. Conversely, LORA patients may have blunted corneal
nerve sensitivity due to immunosenescence, resulting in
underreporting of objective gland loss on questionnaires.
Symptom scoring alone may, therefore, underestimate
ocular surface disease in LORA, and direct meibography
is @ more reliable screening tool than symptom scoring.
Deep-learning meibography pipelines now achieve expert-
level segmentation accuracy (11-13) and should reduce
operator dependence in routine use.

Our results also align with the gerontological view
of difficult-to-treat RA from Lehoczki et al. (4), in which
cumulative organ vulnerability, polypharmacy, and frailty
determine outcomes more than acute-phase activity. From
that perspective, the LORA ocular phenotype, with its lower
autoantibody load and higher environmental exposure,
is best managed with tobacco-cessation counseling and
proactive lid-margin care, whereas EORA requires tighter
coordination with rheumatology regarding biologic
therapy and screening for secondary Sjogren overlap (16).

Our 40% ANA positivity rate in EORA, although not
statistically significant, is clinically noteworthy. Combined
with the higher frequency of positive Schirmer tests
in EORA (9.5%) and the more pronounced subjective
symptoms in EORA, this pattern suggests an under-
recognized overlap with secondary Sjogren disease.
Sullivan et al. (16) demonstrated that meibomian gland
dysfunction is a near-universal finding in primary and
secondary Sjogren syndrome. In our setting, the addition
of meibography to standard ocular surface evaluation is
therefore likely to identify patients who would benefit
from referral for Sjégren work-up, even in the absence
of overt sicca complaints. Our findings add to existing
evidence on dry eye severity in autoimmune rheumatic
disease (25,26) and on the role of sustained inflammation
in lacrimal gland injury (27). Two recent practical reviews
on LORA management offer additional context for
tailoring DMARD therapy in this older subgroup, where
ocular adverse effects and comorbidity load demand
careful coordination with rheumatology (28,29).

Study Limitations

Several limitations should be acknowledged. The study
design precludes causal inference and cannot capture
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the progression of meibomian gland atrophy over time;
recruitment from a single center limits external validity,
although demographic comparability between EORA
and LORA mitigates concerns about internal validity.
The marked smoking imbalance between RA subgroups,
combined with a moderate sample size, prevented a
fully powered multivariable adjustment; the pre-specified
stratified and secondary regression analyses are therefore
reported as supportive rather than confirmatory, and
residual confounding by methotrexate or biologic therapy
cannot be excluded, although DMARD distribution
did not differ between RA subgroups (18). On the
instrumentation side, the Sirius+ automatic gland-atrophy
segmentation has been validated in healthy subjects but
not specifically in autoimmune cohorts; recent deep-
learning meibography studies do, however, suggest close
agreement between automatic and manual grading
(11-13). Tear cytokine profiling and corneal confocal
microscopy were not available, and their inclusion would
have strengthened the mechanistic discussion. Given
these limitations, the study is, as far as we are aware, the
first direct comparison of ocular surface and meibomian
gland imaging between age-matched EORA, LORA, and
control groups; the rheumatologic and ophthalmologic
workups were standardized, the analysis was driven by
an a priori powered design with pre-specified sensitivity
analyses, and meibography acquisition followed validated
protocols (30).

Conclusion

Our findings suggest that EORA and LORA may
represent two distinct ocular surface phenotypes. EORA
was characterized by symptomatic presentation and
seropositivity, with a trend toward greater meibomian
gland atrophy, whereas LORA was associated with tear
film instability and comparatively few symptoms. Ocular
surface screening in older patients with RA should,
therefore, be guided by objective meibography rather than
symptom scoring alone.
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Abstract

Aim: The overarching intellectual structure, dominant thematic clusters, and longitudinal evolution of the endoscopic submucosal
dissection (ESD) literature have yet to be systematically mapped. This study aims to characterize the semantic and thematic architecture
of ESD research through computational text analytics and to reveal latent structural patterns and temporal dynamics within this domain.

Methods: A corpus of 1,000 peer-reviewed publications was processed through an eight-stage computational pipeline that incorporated
word embedding-based semantic analysis, unsupervised clustering, Latent Dirichlet Allocation (LDA) topic modeling, inter-topic network
analysis, and temporal trend modeling. The primary outcome was characterization of the semantic architecture of ESD research,
whereas secondary outcomes included topic relationships, temporal evolution, and model performance metrics.

Results: Semantic analysis revealed two dominant clusters: a technically oriented domain encompassing device innovation and
procedural optimization and a clinically oriented domain addressing therapeutic outcomes, organ-specific protocols, and adverse event
management. Topic modeling identified nine coherent thematic categories, with limited integration between technical and clinical
research trajectories. Temporal analysis revealed a pronounced post-2024 shift toward upper-gastrointestinal applications, particularly
esophageal and gastric ESD, with relative stagnation in colorectal investigations. The optimal semantic clustering solution achieved a
silhouette score of 0.215, while the nine-topic LDA model demonstrated a coherence score of 0.39.

Conclusion: This study provides the first data-driven macro-structural characterization of the ESD literature, revealing a persistent
bifurcation between technical innovation and clinical application streams. These findings offer a strategic framework to help clinicians,
investigators, and curriculum developers identify priority areas for advancement in therapeutic endoscopy.

Keywords: Endoscopic submucosal dissection, treatment outcome, bibliometrics, semantics, cluster analysis, policy

Introduction large and morphologically heterogeneous neoplastic

Endoscopic  submucosal  dissection  (ESD),  first lesions without lymphovascular invasion (4,5), conferring
introduced in Japan during the late 1990s (1), represents a significant  histopathological ~ advantages in  margin
major advancement in therapeutic endoscopy. Developed assessment and invasion depth determination. The inability
to overcome the limitations of endoscopic mucosal of conventional EMR to achieve en bloc resection in lesions
resection (EMR) (2,3), ESD enables en bloc resection of larger than 20 mm, combined with elevated recurrence
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rates following piecemeal resection (6,7), underscores
ESD’s clinical value. Recent studies indicate that ESD is the
best way to treat superficial gastric neoplasias and early
gastric cancer (2). It is also being used more and more
to treat esophageal squamous cell carcinoma and some
colorectal cases, especially lesions that are larger than 20
mm or that are not suitable candidates for conventional
polypectomy (8-10). Despite its clinical impact, ESD
remains technically demanding, with complication rates
of 3.5%, 3.3%, and 4.6% for gastric, esophageal, and
colorectal applications, respectively (11-13). Submucosal
fibrosis and limited operator expertise in Western settings
have further constrained broader implementation, though
structured training initiatives may mitigate these barriers
(14,15).

The ESD literature spans diverse domains, including
clinical efficacy, complication management, technological
innovation, and organ-specific protocols (16,17). However,
no study has examined this corpus at the macrostructural
level to characterize thematic clustering, latent semantic
architecture, or temporal evolution—the gap that limits
the systematic understanding of the field’s research
organization and strategic priorities. Natural language
processing (NLP) and unsupervised machine learning
methodologies, particularly word embedding-based
semantic analysis and Latent Dirichlet Allocation (LDA),
offer robust frameworks for revealing latent thematic
structures within large medical corpora (18). The thematic
trajectory of ESD literature may further be interpreted
through Rogers’ diffusion of innovations framework
(19), wherein early feasibility and instrumentation studies
reflect initial adoption stages, while contemporary focus
on outcomes, complication protocols, and organ-specific
applications signals progression toward implementation
and confirmation phases. We hypothesized that
computational analysis of the ESD literature would reveal
a structurally fragmented research landscape, organized
along two parallel but largely disconnected trajectories:
one centered on technical innovation and procedural
optimization, and the other focused on clinical outcomes
and organ-specific applications, with a discernible temporal
shift toward upper gastrointestinal domains over the
2015-2025 period.

Unlike conventional bibliometric studies that primarily
rely on citation counts, co-authorship networks, or
keyword co-occurrence analyses, the present study
integrates NLP with word embedding-based semantic
analysis and LDA topic modeling to uncover the latent
conceptual organization of the ESD literature. This
integrated computational framework enables a deeper
exploration of semantic relationships, thematic structures,
and temporal knowledge evolution beyond the capabilities
of traditional bibliometric approaches. In this context, the

334

primary aim of this study is to systematically characterize
the semantic, thematic, and temporal architecture of ESD
research through computational text analytics, thereby
revealing latent structural patterns and dynamics within
this specialized domain. A secondary aim is to identify
dominant thematic clusters, inter-topic relationships,
and longitudinal research trends within the field. If these
objectives are achieved, this analysis is expected to
provide clinicians, investigators, and medical educators
with an empirically grounded roadmap for prioritizing
future research agendas, optimizing procedural training
curricula, and informing health policy decisions related to
ESD implementation.

Materials and Methods

Compliance with Ethical Standards

This study is a retrospective analysis of publicly available
publication data retrieved from bibliometric databases.
The analysis did not involve any human subjects, primary
data collection, or interventions. Since all data used in
this research were already in the public domain and freely
accessible, and no identifiable personal information or
sensitive data were processed, ethical approval from an
institutional review board was not required.

Study Design

This study employed a retrospective computational
bibliometric design based on scientific publications,
integrating  bibliometric  methods with NLP and
computational text analytics, including latent semantic
analysis and topic modeling, to systematically map the
intellectual structure and temporal evolution of the ESD
literature. To achieve this objective, the analysis was
conducted using an eight-step computational pipeline
(Figure 1), enabling a systematic and multidimensional
evaluation of the ESD research landscape.

The pipeline shown in Figure 1 consists of data
collection,  preprocessing, word  embedding-based
semantic vector generation, semantic clustering, topic
modeling, inter-topic correlation analysis, temporal
dynamics evaluation, model performance measurement,
and visualization of results.

Step 1: Data Source, Search Strategy, and Research
Unit

The data used in this study were obtained from the Web
of Science (WoS) Core Collection (20), a widely recognized
and trusted source for examining scientific literature in
bibliometric and text analytics research. The study was
conducted under the assumption that publications retrieved
from the WoS database adequately reflect developments
in the relevant scientific field. The unit of analysis for the
study consists of the 1,000 most-cited articles identified
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Step 1 « Data Source, Search Strategy, and Research Unit

Step 2 « Data Preprocessing
|
Step 3 + Word Embedding Generation
|
Step 4 « Semantic Clustering
l
Step 5 « Topic Modeling (Latent D A
|
Step 6 « Topic Correlation Analysis

Figure 1. Eight-step computational workflow used for semantic
and thematic analysis of the ESD literature. The workflow includes
data collection, text preprocessing, Word2Vec-based document
embedding, semantic clustering, LDA topic modeling, topic
correlation analysis, temporal trend analysis, model performance
evaluation, and data visualization

ESD: Endoscopic submucosal dissection, LDA: Latent Dirichlet Allocation

in the database and published in the last decade (2015-
2025). The selection of the 1,000 most-cited publications
within the 2015-2025 period was guided by both
methodological and substantive considerations. Citation
frequency serves as a widely validated proxy for scientific
influence; highly cited publications disproportionately
shape the conceptual vocabulary, methodological norms,
and thematic priorities of subsequent research, collectively
constituting the intellectual core of a discipline. The
2015-2025 window ensures analytical coherence by
capturing the contemporary phase of ESD development,
characterized by procedural maturation and expanding
organ-specific applications. The threshold of 1,000 articles
was chosen to balance corpus richness—sufficient for
statistically robust topic modeling and word-embedding
analysis—against analytical tractability, as excessively large,
heterogeneous corpora risk introducing noise that may
obscure latent structural patterns. This citation-based
delimitation strategy is consistent with established practice
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in computational literature analyses. Inclusion criteria
were defined as follows: the study title must contain
“endoscopic submucosal dissection,” publications must be
in English, must be research articles, must be published in
citation-indexed journals (SCI, SSCI, SCl-Expanded, ESCI,
or SCOPUS), and must be classified under health and/or
medicine-related categories within WoS.

Step 2: Data Preprocessing

Data preprocessing was performed to improve the
performance of subsequent NLP operations. In this
context, the preprocessing procedure began with loading
the data into the Google Colab (21) environment.
Subsequently, all content in the dataset was converted
to lowercase, thereby standardizing letter-case usage.
Punctuation marks present in the data that do not provide
any semantic contribution were systematically removed.
All numerical characters found in the data were cleaned,
assuming that numbers were unnecessary for data or
semantic analysis. Additionally, common English stop
words (e.g., “the,” “is,” and “a”), which are frequently
used in text data but contribute little semantic content,
were removed. In the final stage, the data were tokenized
into a discrete word list that serves as the fundamental
building block for subsequent analyses.

Step 3: Word Embedding Generation

Text data was transformed into dense numerical vector
representations to more successfully reveal semantic
relationships during the word embedding process (22).
For this purpose, the Word2Vec model (23), commonly
used in the literature for word embedding, was employed,
and training was performed on the token lists generated
for each abstract. The vector dimensionality in the model
was set to 100, ensuring that each word was represented
by a vector of that dimensionality. The choice of vector
dimensionality reflects a balanced approach between
semantic analysis and computational efficiency. Thus, for
each abstract, a single document vector was generated by
averaging the Word2Vec vectors of all the words in the
abstract. This approach facilitated subsequent ML tasks
by consolidating the semantic information of individual
words into a fixed-size document vector.

Step 4: Semantic Clustering

The document embedding array was subjected to
semantic clustering using the k-means algorithm (24). The
elbow method (25) was used to determine the optimal
number of clusters (k). This algorithm was run for k values
from 2 to 10; the inertia for each k was calculated and
plotted. Thus, the point at which the decrease in the
inertia value sharply slowed was identified as the elbow
point, and the optimal k value was determined to be
2. With this approach, each abstract was labeled with a
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semantic cluster label indicating membership in cluster
0 or 1, based on its proximity to the semantic cluster
centers. In the next stage, document embeddings in very
high dimensions were reduced to two dimensions using
the t-Distributed Stochastic Neighbor Embedding (t-SNE)
method (26). Thus, the t-SNE model was initialized using
different parameters, including the number of components
[2]; reproducibility [42]; perplexity [30], which balances
local and global structure; and optimization [100]. The
obtained two-dimensional coordinates were visualized.

Step 5: Topic Modeling (LDA)

The purpose of topic modeling is to uncover the latent
thematic structure within the dataset (27). For this purpose,
a corpus was created from tokenized texts, ensuring that
each word was matched with a unique integer identifier.
With this dictionary, words appearing in fewer than 5
documents or in more than 50% of documents were
filtered and refined, thereby eliminating words that are
either excessively sparse or excessively common and had
low information value. After this process, a Bag-of-Words
corpus (28) was created containing word ID and word
frequency pairs for each document. Thus, the prepared
corpus was subjected to training with the LDA model (29),
and this process was carried out within the framework
of values regarding the model’s reproducibility [42] and
the number of training iterations [10]. Prominent words
for each topic were identified. The LDA model calculated
the probability distribution over all topics for each abstract
and assigned the topic with the highest probability as that
abstract’s dominant topic. Subsequently, word clouds for
each topic were created from words and their weights
using the WordCloud method (30) of the WordCloud
library.

Step 6: Topic Correlation Analysis

The purpose of topic correlation analysis is to analyze
the relationships and co-occurrence patterns between
identified latent topics (31). In this context, topic
distributions for each document were obtained from
the LDA model. These data were organized as a topic
matrix, in which rows represent documents and columns
represent topic probabilities. Then, Pearson correlation
(32) coefficients were calculated for all topic column pairs
in the matrix, thus obtaining a topic correlation matrix
showing the extent to which different topics co-occur
across documents. This correlation matrix was visualized
in the form of a heatmap using the heatmap function (33).

Step 7: Temporal Dynamics Analysis

The purpose of analysis of temporal dynamics is to
examine how the prevalence of semantic clusters and

topics has evolved. Data obtained from topic-matrix
dataframe indices were consolidated with the original
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dataset, and averages of topic probabilities were calculated
for each year, producing a dataframe that shows the
annual average prevalence of each topic. The obtained
time series data were visualized through line graphs
using pyplot (34), thereby revealing the time-dependent
development of each topic. Similarly, another data frame
was created by calculating the proportion of documents
in each semantic cluster per year. These data were also
visualized using line graphs, which present in detail how
the overall semantic structure changed over time and
highlight prominent shifts between clusters.

Step 8: Performance Evaluation

The performance of the k-means clustering algorithm
was analyzed using two fundamental metrics: the
Silhouette score (35) and the Davies-Bouldin index (36). In
this regard, the Silhouette score is a relative measure that
quantifies an object’s similarity to its own cluster relative
to its similarity to other clusters. The Davies-Bouldin index
evaluates the average similarity ratio of each cluster to its
most similar cluster. In the topic modeling process, the
interpretability of LDA topics was evaluated using the
coherence score. Topic coherence is widely considered
a sufficient and reliable metric for evaluating the quality
of topics generated by LDA models, as it reflects the
semantic interpretability of topics in a manner consistent
with human judgment. Coherence measures have been
shown to correlate strongly with human assessments of
topic quality, supporting their use as a primary evaluation
criterion in topic modeling (37).

Statistical Analysis

All computational analyses were performed using
Google Colaboratory (21). Python (38) was used as the
primary programming language for the analysis. The
computational workflow was supported by various
libraries commonly used in scientific research. These
include NumPy (39) for numerical operations; Pandas (40)
for data processing and tabular analyses; Matplotlib (34)
and Seaborn (33) for visualization; Scikit-learn (41) for ML
operations; Statsmodels (42) for time series modeling; and
WordCloud (43) for word-cloud visualizations.

Results

Semantic Clustering Analysis Findings

Findings related to semantic clustering analysis are
shown in Figure 2.

The blue points in the graph are predominantly
concentrated on the right side, particularly in the lower-
right region, while the green points are predominantly
located on the left side, especially in the upperleft
region. Although the clusters are distinct, minimal overlap
between points of the two clusters is observable in the
middle section.
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Topic Modeling Findings

The LDA model identified 9 main topics within the
corpus, with a coherence score of 0.39. The results are
summarized in Table 1.

Findings related to word clouds are presented in Figure

Concepts such as “patient,” "ESD,” "“endoscopic,”
“resection,” “bleeding,” “dissection,” “gastric,” and
“colorectal” are encountered in nearly all topics. While the
words “patient,” “ESD,” and “group” stand out in Topic
0, the words “bleeding” and “patients” are prominent in
Topic 2. For Topics 3 and 5, the concepts of “submucosal”

Semantic Clusters Visualization with t-SNE

semantic_cluster

t-SNE Component 2

-40 -20 o 20 40
t-SNE Component 1

Figure 2. Two-dimensional visualization of semantic clusters
generated using t-distributed stochastic neighbor embedding
(t-SNE). Each point represents one publication abstract, while
colors indicate cluster assignment derived from K-means
clustering. Spatial proximity between points reflects semantic
similarity among publications

and “resection” are prominent. In Topic 4, the word
“perforation” stands out.

Findings on Topic Correlations

The heatmap showing correlations between topics is
presented in Figure 4a.

Correlation analysis revealed that all inter-topic
associations were negative, ranging from mild to moderate
(-0.22 to -0.04). In this regard, the strongest negative
correlations were observed between Topic 0 and Topic 2
(-0.21), Topic 3 (-0.22), and Topic 7 (-0.22), suggesting that
documents heavily weighted toward Topic O, centered
on technical innovation and procedural optimization, are
least likely to concurrently emphasize the thematic content
represented by these three topics.

Findings on Temporal Dynamics Analysis

Time-dependent changes in clusters and topics are
presented in Figure 4b.

Topics exhibited a relatively stable distribution over the
years examined. While most topics fluctuate, ranging from
5% to 30% in annual document proportions, no dramatic
change in topics was observed. However, Topic 7 showed
a marked increase during the examined period, reaching
approximately 75%.

The right graph (Cluster O-blue; Cluster 1-orange)
showed that, between 2015 and 2023, both clusters
exhibited fluctuations at similar rates, with values
generally ranging between 40% and 60%. Cluster O was
more dominant, exceeding 60% in 2017 and 2022, while
Cluster 1 remained at relatively lower levels during these
periods. In the subsequent period (2024-2025), Cluster O
showed a sharp increase exceeding 75%, while Cluster 1
experienced a dramatic decline to below 25%.

Table 1. Topics and prominent keywords

Topic 0 Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 Topic 6 Topic 7 Topic 8
esd group patients esd esd esd patients esd esd
patients esd bleeding submucosal patients resection esd patients bleeding
group patients esd endoscopic pecs endoscopic risk resection patients
resection p delayed resection perforation dissection factors lesions esophageal
p esophageal closure dissection p submucosal submucosal endoscopic stricture
endoscopic gastric group cases endoscopic p lesions p endoscopic
survival endoscopic endoscopic procedure risk time gastric group submucosal
recurrence stricture p lesions submucosal speed invasion VS lesions
outcomes S risk patients factors emr cancer colorectal dissection
submucosal ulcer rate study study procedure ci submucosal gastric

rate dissection mucosal colorectal dissection traction endoscopic rate group
treatment groups submucosal time colorectal cesd Inm study p

gastric study colorectal gastric syndrome rate egc treatment postesd
dissection significantly study performed analysis using tumor dissection delayed
cancer submucosal gastric p group study fibrosis bloc risk
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Figure 3. Word clouds representing the dominant keywords within each LDA-derived topic. Word size is proportional to the relative

importance (weight) of each term within the corresponding topic

LDA: Latent Dirichlet Allocation

Topic Correlation Heatmap
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Figure 4a. Heatmap illustrating Pearson correlation coefficients
between LDA-derived topics. Warmer and cooler colors represent
the strength and direction of correlations, indicating the degree
of thematic overlap or separation between topics

LDA: Latent Dirichlet Allocation
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Findings on Cluster-Topic Distribution

Findings on cluster and topic distribution are presented
in Figure 5a.

Accordingly, a balanced distribution between the
two clusters was observed during the 2015-2023 period.
Although both clusters had similar values of approximately
60 in 2017, Cluster 0 stood out in 2018. However, Cluster
1 lagged behind Cluster O in this regard. Subsequently,
similar fluctuations were observed between 2019 and
2023, and, generally, no major differences were observed
between the two clusters.

The right-hand graph shows values corresponding to
the average probability distribution of topics (0-8) within
two semantic clusters. Topic 0 (0.29) and Topic 7 (0.31)
stood out in Cluster 0. Other topics had low probabilities
in Cluster O (between 0.01 and 0.11).

Findings on Model Performance

Performance graphs for the semantic clustering and
topic modeling processes are presented in Figure 5b.

The highest Silhouette score was obtained with two
semantic clusters and was approximately 0.215. The right-
hand graph presents the coherence score for LDA topic
modeling. Findings from the LDA model show that nine
topics have the highest coherence scores, suggesting
that the model achieves a satisfactory level of semantic
coherence and that the resulting topics are meaningful
and interpretable for further analysis.
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Figure 4b. Annual temporal evolution of semantic clusters and LDA-derived topics between 2015 and 2025. The graphs illustrate
changes in the relative prevalence of semantic clusters and thematic topics over time, highlighting shifts in research focus within the

ESD literature
LDA: Latent Dirichlet Allocation, ESD: Endoscopic submucosal dissection
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illustrates annual changes in semantic cluster distribution, whereas the right panel presents the mean probability of each LDA-derived

topic within Cluster 0 and Cluster 1
LDA: Latent Dirichlet Allocation

Discussion

This study represents one of the first comprehensive
analyses using NLP and ML methods to reveal the
semantic and thematic structure of the ESD literature.
Since its development in Japan in the late 1990s (1) to
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overcome the limitations of EMR (2,3), ESD has emerged
as a significant paradigm shift in therapeutic endoscopy.
Our findings demonstrate that the literature surrounding
the procedure is organized around two main axes:
technical innovation and procedural development, and
clinical outcomes and organ-specific applications.
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Figure 5b. Performance evaluation of semantic clustering and topic modeling. The left panel presents silhouette scores across candidate
cluster numbers, whereas the right panel illustrates coherence scores for different LDA topic models

LDA: Latent Dirichlet Allocation

The semantic clustering analysis revealed that the ESD
literature exhibits a fundamental structural divergence.
This bifurcation was consistently observed in both t-SNE
visualizations and LDA-based topic modeling, revealing
two parallel research streams: clinical and technical.
Studies related to clinical outcomes and organ-specific
applications are positioned together in semantic
space, whereas themes of dissection methods, device
development, and procedural efficiency constitute
a separate, technical research area. This divergence
indicates that the causal relationships between technical
innovation and clinical performance are not addressed
holistically in the literature. K-means clustering was
performed with k=2, resulting in a low silhouette score of
0.21. This relatively low value indicates limited separation
between clusters, suggesting that the chosen number
of clusters may oversimplify the underlying structure of
the data. While the two-cluster solution provides a basic
overview of the dataset, it may fail to capture more
nuanced patterns that could be revealed with alternative
clustering strategies or a higher number of clusters. Future
analyses should consider testing additional k values and
validating cluster stability using complementary metrics to
ensure that the identified groupings accurately reflect the
complexity of the dataset. These limitations highlight the
need for cautious interpretation of the clustering results
and underscore that the findings should be considered
exploratory rather than definitive.

This structural separation is particularly significant
given that ESD's clinical success fundamentally depends
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on technical proficiency. The technique’s ability to
achieve en bloc resection of lesions exceeding 20 mm—
where conventional EMR requires piecemeal resection,
with associated high local recurrence rates (7)—depends
entirely on the operator’s technical skill and the available
instrumentation. The procedure involves submucosal
lifting with viscous agents such as sodium hyaluronate
followed by precise dissection with specialized knives
(11), and the reported complication incidences of 3.5%,
3.3%, and 4.6% for gastric, esophageal, and colorectal
ESD, respectively (12), underscore the intimate connection
between technical execution and clinical outcomes.
Yet our analysis reveals that these two dimensions
are largely explored in isolation in the literature. This
situation highlights that clinical needs are not taken as
the primary basis for health innovation; technological
advancements remain largely disconnected from the
problems encountered in healthcare; consequently, the
convergence between clinical practice and technology is
becoming increasingly difficult.

The lack of clinical-technical integration emerges as an
important limiting factor in the development of ESD and
suggests that research designs need to be structured with
a more holistic approach. This gap is particularly critical
given that factors such as submucosal fibrosis caused by
prior interventions like biopsy or marking can increase
dissection difficulty and reduce en bloc success rates
(13), creating a direct pathway from technical challenges
to clinical outcomes. The semantically weak connections
among complication-focused themes further reveal that



Demir et al. Semantic Mapping of ESD Research

risk prediction models are still immature, despite the
procedure’s well-documented association with bleeding
and perforation risks. Accordingly, there is a clear need
in the literature for modeling studies aimed at predicting
certain risks, such as delayed bleeding.

The temporal analysis revealed a marked increase
in esophageal and gastric studies after 2024, whereas
colorectal ESD research remained relatively stagnant. This
thematic shift provides empirical support for the diffusion
of innovations model (19), which explains the adoption of
health technologies through distinct stages. The observed
pattern reflects the natural progression from technical
feasibility studies to widespread clinical implementation.

Early-stage ESD research focusing on technical
feasibility and instrument innovation corresponds to
the “knowledge acquisition” and “persuasion” stages
of the innovation adoption process (19). The current
concentration of publications on upper gastrointestinal
applications, particularly the acceptance of ESD as the
standard treatment for superficial gastric neoplasias and
early-stage gastric cancer (2), as well as its increasing
adoption as first-line treatment for superficial esophageal
squamous cell carcinoma, indicates progression to the
“implementation” and “confirmation” stages. Applications
carried out in more limited centers during the technical
feasibility and early-experience phases have expanded
rapidly upon reaching a certain maturity, thereby creating
thematic density in the literature. In this context, the
evidence suggests that the next phase of ESD research
should move beyond adoption-focused discourse toward
risk stratification and outcome optimization, thereby
reinforcing the transition from widespread implementation
to a more data-driven and precision-oriented confirmation
stage in clinical practice.

The concentration of publications in organ-specific
areas is also consistent with learning-curve dynamics. The
relative stagnation in colorectal ESD research, despite
EMR remaining the dominant method in this region (8),
may reflect the unique technical challenges posed by
this anatomical site. The distal colon and rectum present
specific difficulties related to wall thickness, peristalsis,
and anatomical configuration, which may have slowed
the adoption curve relative to upper gastrointestinal
applications. This finding suggests that colorectal ESD
may still be in an early phase of the diffusion process,
potentially transitioning between the “persuasion” and
“decision” stages. With the adoption of ESD in this field,
the accumulation of experience and knowledge is expected
to yield substantially greater benefits for clinical practice.

This study goes beyond classical bibliometric approaches
and presents an innovative framework that objectively
reveals the structural characteristics of the literature
through word embedding-based semantic analysis. LDA-
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based topic modeling (18) made the thematic centers
of the literature quantitatively visible, while t+-SNE-based
visualization enabled better understanding of high-
dimensional semantic relationships. The combined use of
these methods allowed the ESD literature to be evaluated
from a structural perspective, revealing patterns that
cannot be detected through traditional systematic reviews
(18).

These findings are critical to guiding clinical practices
and research priorities. The marked increase in publications
on the upper gastrointestinal system demonstrates that
clinical practice increasingly focuses on these areas and
that training programs need to allocate more resources to
esophageal and gastric dissection techniques. The scarcity
of sufficiently experienced operators in Western countries,
which has limited widespread adoption, can be addressed
through structured training programs (14,15) informed by
the learning-curve dynamics revealed in our analysis.

The structural divergence between technical and
clinical research reveals that procedural innovation is
not evaluated in an integrated manner alongside clinical
outcomes. This situation demonstrates the need for more
holistic research in critical areas such as management
of complications, selection of dissection strategies, and
effectiveness of device use. Given that ESD provides
superior outcomes in specific clinical contexts (8)—
particularly in lesions exceeding 20 mm, cases with
suspected superficial submucosal invasion, or cases
unsuitable for conventional snare polypectomy, especially
in the distal colon and rectum (9,10)—the integration of
technical and clinical research streams could optimize
patient selection and procedural planning.

The technique’s ability to obtain intact specimens
provides histopathological advantages by enabling clear
assessment of lateral and vertical surgical margins and
accurate analysis of invasion depth (4,5). Such diagnostic
precision both enhances the success of curative treatment
and reduces the risk of recurrence; however, our analysis
suggests that the relationship between the quality of
technical execution and these histopathological outcomes
remains underexplored in the literature.

A fixed corpus size of 1,000 publications, selected on a
citation-priority basis, constitutes a notable limitation of this
study. This threshold, while methodologically convenient,
is analytically arbitrary: it imposes a rigid ceiling that
automatically excludes any publication—however recent,
innovative, or clinically significant—that falls outside the
citation-ranked top tier at the time of data extraction. In
a rapidly evolving procedural field such as ESD, where Al-
based risk prediction, organ-specific protocol refinement,
and novel technical variants are actively emerging, this
cutoff systematically filters out the studies most likely to
signal where the field is heading rather than where it has
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been. The resulting corpus is therefore best understood
not as a representative sample of ESD research, but as
a citation-weighted retrospective of its most consolidated
subset. Future bibliometric and NLP-based investigations
should consider recency-stratified or citation-agnostic
sampling strategies to counterbalance this structural skew
and more accurately capture the field's emerging frontier.

Study Limitations

This study has several limitations that should be
acknowledged. Most critically, the analysis is restricted
to abstract-level text, which constitutes a significant
methodological constraint. Abstracts inherently omit
procedural details, statistical nuances, subgroup-level
findings, and contextual clinical information embedded in
full-text publications, which may carry substantial thematic
weight. This restriction likely introduces systematic bias into
the semantic and topical structures identified, as abstracts
selectively emphasize outcomes over methodology and
context. Consequently, the thematic architecture revealed
in this study should be interpreted as a representation of
how ESD research is framed and communicated, rather
than a complete reflection of its intellectual depth.

A second and equally consequential limitation
concerns selection bias introduced by the citation-based
corpus construction strategy. By restricting the analysis
to the top 1,000 most-cited publications, this study
systematically privileges well-established, highly cited
work to the detriment of recent contributions that have
not yet had sufficient time to accumulate citations. Given
that citation accumulation is inherently a slow, cumulative
process—often spanning several years post-publication—
this sampling approach almost certainly underrepresents
studies published toward the latter portion of the 2015-
2025 window, including emerging technical innovations,
novel Al-based applications, and early-stage organ-specific
protocols, which may not yet be reflected in the citation
record. As a direct consequence, the thematic and temporal
structures identified in this study should be understood
to characterize the established, citation-validated core of
ESD research rather than its full, current state; nascent
research  trajectories, cutting-edge  methodological
developments, and recently emerging subfields are likely
underrepresented or entirely absent from the derived topic
structure. This limitation is particularly consequential for the
temporal trend analysis, as citation-driven undersampling
of recent publications may artificially compress or obscure
both the acceleration in upper-gastrointestinal and Al-
related research that more recent, lower-citation studies
might otherwise reveal. Finally, the 2015-2025 analytical
window, which is temporally defined, may be further
influenced by publication delays, geographic disparities
in research output, and field-specific innovation cycles—
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factors that interact with and potentially compound the
citation-based selection bias described above.

Notwithstanding these limitations, this study’s primary
strength liesinits novel application of NLP and unsupervised
machine learning to the ESD literature, offering an
objective, data-driven alternative to traditional narrative
or systematic reviews. Word embedding-based semantic
analysis captures nuanced conceptual relationships
between research constructs that conventional keyword-
based approaches fail to detect, while LDA topic modeling
systematically exposes latent thematic clusters and
structural divergences across the corpus. The integration
of temporal analysis further enabled the longitudinal
mapping of research trajectories—a dimension largely
absent from existing ESD literature reviews. Collectively,
these methodological layers render the study’s findings
reproducible, scalable, and transferable to other domains
of procedural medicine seeking macro-structural
characterization of their research landscapes.

Future ESD research should prioritize four key areas
that together define the field’s methodological and clinical
trajectory. First, the current literature inadequately bridges
technicalinnovation and clinical outcomes; multidisciplinary
studies that jointly evaluate both dimensions within
unified analytical frameworks are urgently needed to close
this gap. Second, organ-specific comparative research—
spanning esophageal, gastric, and colonic ESD—remains
scarce despite the markedly distinct difficulty levels and
complication profiles that characterize each anatomical
site. Third, Al-based clinical decision support models
capable of realtime prediction of complication risks,
such as perforation and bleeding, represent a critical
yet underdeveloped frontier, reflecting the broader
immaturity of current risk-prediction frameworks in this
domain. Fourth, and perhaps most pressing for global
access to the procedure, quantitative modeling of ESD
learning curves and standardized, competency-based
performance metrics are essential to guide training
programs, particularly in Western countries, where the
scarcity of operators continues to constrain the expansion
of this technique. Taken together, these four priorities—
integrated  technical-clinical evaluation, organ-specific
comparative modeling, Al-driven adverse event prediction,
and standardized competency assessment—chart a
coherent agenda for advancing both methodological rigor
and clinical relevance of ESD research.

Conclusion

This study provides a systematic mapping of the
semantic and thematic architecture of the ESD literature
using computational text analytics, extending beyond
conventional bibliometric approaches. The analysis
identifies two structurally distinct thematic clusters within
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ESD research: one centered on technical innovation
and procedural optimization, and the other on clinical
outcomes and organ-specific therapeutic protocols.
Co-occurrence and topic-relationship analyses show
limited overlap between these two clusters, indicating
that technical and clinical themes are predominantly
addressed in separate bodies of literature rather than
within integrated studies. Temporal analysis demonstrates
a measurable shift in publication focus toward upper
gastrointestinal applications, particularly esophageal and
gastric ESD, in recent years. This shift is consistent with
a broader transition observed in the data, from early-
stage feasibility studies toward organ-specific clinical
implementation. Future studies integrating transformer-
based language models and full-text semantic analysis
may further improve the understanding of knowledge
evolution in ESD research.
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Abstract

Aim: Obesity is a common comorbidity in psoriasis and has been associated with reduced response to biologic therapies. However, data
on the real-world effectiveness of interleukin (IL)-23 inhibitors in overweight and obese patients with psoriasis remain limited. This study
aimed to evaluate the efficacy, safety, and drug survival of IL-23 inhibitors in this patient population over 52 weeks.

Methods: This retrospective, single-center observational study included patients with psoriasis and a body mass index (BMI) =25 kg/
m? who were treated with guselkumab or risankizumab between November 2021 and November 2025. Efficacy was assessed using
absolute Psoriasis Area and Severity Index (PASI) scores and PASI75/90/100 response rates at predefined time points. Drug survival,
adverse events, and reasons for discontinuation were evaluated. Multivariable logistic regression analysis was performed to identify
independent predictors of achieving PASI90 at week 52.

Results: Among the 75 included patients, the mean PASI score at baseline was 13.7+7.7, which improved to 0.8+1.1 at week 52.
Psoriasis Area and Severity Index 90 and PASI100 response rates increased from 37.3% and 12.0% at weeks 12-16 to 77.5% and
56.3% at week 52, respectively. Overweight patients achieved significantly higher PASI90 response rates than obese patients at weeks
28 and 52. In multivariable analysis, lower BMI and biologic-naive status remained independent predictors of achieving PASI90 at week
52. The 52-week drug survival rate was 94.7%. Treatment was discontinued in 4 patients (5.3%), most commonly because of secondary
loss of response. The most common adverse events were infections. No cases of hepatitis B or tuberculosis reactivation were observed.
Conclusion: Interleukin-23 inhibitors demonstrated sustained clinical effectiveness, high 52-week drug survival, and a favorable safety
profile in overweight and obese patients with psoriasis. Although lower BMI was independently associated with higher odds of
achieving PASI90 by week 52, drug survival remained comparable across BMI groups, supporting the use of IL-23 inhibitors in clinical
practice.

Keywords: Psoriasis, guselkumab, risankizumab, interleukin-23, body mass index, treatment outcome

Introduction psoriasis population relative to control subjects, marking it
as one of the most widespread concurrent conditions (5).
Moreover, obesity is associated with greater disease severity
and an increased prevalence of psoriatic arthritis (5,6).

Psoriasis is a chronic inflammatory disease affecting
approximately 2-3% of the global population and around

1% in Turkiye (1,2). Previously considered a skin-imited S - .

. o _ _ Biologics have significantly improved the management
cgndltlon, _'t 5 how widely jclc.c.eptegl a d systemlc of psoriasis by targeting key inflammatory pathways
disorder with multiple comorbidities, including obesity, and providing high levels of efficacy and durable
type 2 diabetes mellitus, dyslipidemia, atherosclerotic disease control (7). However, obesity may influence
cardiovascular disease, and metabolic-associated liver the pharmacokinetics of biologic agents by altering
disease (3,4). A 1.5 times higher risk of obesity is seen in the drug distribution and clearance, potentially leading to
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reduced treatment efficacy (8). While some biologics
allow weight-based dosing, most are administered at
fixed doses. Reduced treatment responses have been
reported with tumor necrosis factor-o. (TNF-a) inhibitors
in obese patients (9,10). According to data derived from
a large multicenter registry, obesity is associated with a
25% and 30% reduction in PASI75 and PASI90 response
rates, respectively, among patients receiving TNF-a. and
interleukin (IL)-23/Th17-targeted biologics (11). Notably,
this effect appeared more pronounced in patients treated
with TNF-a and IL-17 inhibitors. In line with these findings,
higher body mass index (BMI) has also been identified as a
predictor of shorter drug survival, largely driven by reduced
treatment effectiveness (12). Despite the high efficacy
of guselkumab and risankizumab in the overall psoriasis
population, data on their performance in overweight or
obese patients remain limited. We hypothesized that IL-23
inhibitors would provide sustained clinical effectiveness,
a favorable safety profile, and high drug survival in
overweight and obese patients with psoriasis.

Based on this hypothesis, the present study aimed
to evaluate the effectiveness, safety, and drug survival
of IL-23 inhibitors in overweight and obese patients
with psoriasis over 52 weeks of follow-up. By providing
real-world data from this patient population, this study
may contribute to optimizing treatment strategies and
supporting evidence-based therapeutic decision-making in
routine clinical practice.

Materials and Methods

Compliance With Ethical Standards

The study received approval from the University of
Health Sciences Turkiye, Istanbul Haseki Training and
Research Hospital Non-Interventional Clinical Research
Ethics Committee (approval number: 106-2026, date:
22.04.2026) and was conducted in accordance with the
principles of the Declaration of Helsinki. Informed consent
was waived due to the retrospective design of the study.
All data were anonymized, and no identifiable patient
information was used.

Study Design

This retrospective, single-center observational study
was conducted at a tertiary referral center with a
dedicated psoriasis outpatient clinic. Medical records of
patients treated with biologics from November 2021 to
November 2025 were reviewed. The patient selection
process is summarized in Figure 1. Adult patients (=18
years) with plaque psoriasis who received IL-23 inhibitors
(guselkumab or risankizumab) and were classified as
overweight (BMI 25-29.9 kg/m?) or obese (BMI =30 kg/
m?) were included. Patients with a BMI <25 kg/m?, those
treated with biologics other than IL-23 inhibitors, and
those with incomplete baseline or follow-up data were
excluded. The primary study outcomes were absolute PASI
scores and PASI75, PASI90, and PASIT00 response rates at
weeks 4, 12-16, 28, and 52. Secondary outcomes included
drug survival; treatment discontinuation rates and reasons
for discontinuation; and the occurrence of adverse events.

and Nov 2025 were screened
(Medical records reviewed)

Psoriasis patients receiving biologic therapies between Nov 2021

Exclusion Criteria:

* Patients with BMI <25 kg/m? (Normal
weight)

P » Patients treated with non-IL-23 biologics

Final Included Cohort
Overweight and Obese Patients Treated with IL-
23 Inhibitors
(n=75)

Figure 1. Flow diagram of patient selection and study cohort
BMI: Body mass index, IL: Interleukin, TNF-a.: Tumor necrosis factor-o
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* Incomplete medical or baseline follow-up
records




Pehlivan Ulutas and Semiz. IL-23 Inhibitors in Obese Psoriasis Patients

Baseline demographic and clinical characteristics were
collected, including age, sex, age at disease onset, family
history of psoriasis, body weight, and BMI. In addition,
data on psoriatic arthritis, involvement of special sites
(scalp, palmoplantar, inverse, and nail psoriasis), and
presence of systemic comorbidities were recorded.

Treatment-related data included prior conventional
systemic therapies, prior biologic use, and prior
phototherapy. Disease severity and therapeutic response
were evaluated using the Psoriasis Area and Severity Index
(PASI) at baseline and at weeks 4, 12-16, 28, and 52.
Treatment responses were categorized as PASI75, PASI9O,
and PASI100, corresponding to 275%, 290%, and 100%
improvement from baseline PASI scores, respectively.

Safety was assessed based on adverse events reported
during routine clinical visits, physical examination findings,
and laboratory monitoring. Hematological and biochemical
analyses were performed every 3 months. Serology for
hepatitis B, hepatitis C, and HIV was assessed at baseline
and, in patients with negative baseline results, annually.

Patients with serological evidence of prior hepatitis
B exposure [hepatitis B core antibody (anti-HBc)
immunoglobulin G (IgG) positivity] underwent hepatitis
B virus (HBV) deoxyribonucleic acid testing and were
classified accordingly. These patients were co-managed
by infectious disease or gastroenterology specialists, and
laboratory monitoring was performed every 3 months.

Interferon gamma release assay (QuantiFERON-TB Gold)
testing was performed at baseline and annually in patients
with initially negative results. Chest radiography was
performed at baseline and repeated at 6-month intervals
during follow-up. Patients with positive QuantiFERON
results were evaluated in collaboration with pulmonology
specialists to rule out active tuberculosis and determine the
need for latent tuberculosis infection (LTBI) prophylaxis.

For patients who discontinued treatment within the 52-
week follow-up period, events leading to discontinuation
were recorded. Primary cutaneous non-response was
defined as failure to achieve a PASI75 response at weeks
12-16. Secondary cutaneous non-response was defined as
loss of an initially achieved PASI75 response during follow-
up. In patients with psoriatic arthritis, failure to achieve
or maintain adequate control of joint symptoms was
also considered treatment failure and classified as either
primary joint non-response (within the first 12-16 weeks)
or secondary joint non-response (loss of initially achieved
disease control).

Statistical Analysis
Statistical analyses were conducted using IBM SPSS
Statistics for Windows, version 26.0 (IBM Corp., Armonk,

NY, USA). The normality of continuous variables was
assessed using visual methods (histograms and Q-Q plots)
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and the Shapiro-Wilk test. Normally distributed continuous
variables were presented as mean * standard deviation,
whereas non-normally distributed variables were presented
as median (interquartile range). Categorical variables were
presented as number (n) and percentage (%). Comparisons
between two independent groups were performed using
the independent samples t-test for normally distributed
continuous variables and the Mann-Whitney U test for
non-normally distributed continuous variables. Categorical
variables were compared using the Pearson chi-square test
or Fisher’s exact test, as appropriate.

Drug survival was evaluated using Kaplan-Meier survival
analysis, and differences between groups were assessed
using the log-rank test. Univariable logistic regression
analyses were performed to evaluate potential predictors
of achieving PASI90 at week 52. Variables associated with
the outcome in univariable analysis, together with clinically
relevant potential confounders, were entered into the
multivariable logistic regression model. Model calibration
was assessed using the Hosmer-Lemeshow goodness-of-
fit test, and model discrimination was evaluated using
the area under the receiver operating characteristic curve
(ROC-AUC). Odds ratios (ORs) with 95% confidence
intervals (Cls) were reported. A two-sided p-value <0.05
was considered statistically significant.

Results

A total of 75 overweight or obese patients with
psoriasis who were treated with [L-23 inhibitors were
included in the study; 38 (50.7%) received guselkumab,
and 37 (49.3%) received risankizumab. The most
commonly involved special areas were the scalp (93.3%)
and nails (88.0%). The most frequent comorbidities
were hypertension (36.0%), hepatosteatosis (33.3%),
dyslipidemia (32.0%), diabetes mellitus (25.3%), and
coronary artery disease (22.7%). A total of 42.7% of
patients had previously been treated with biologics, most
commonly with ustekinumab (20.0%), secukinumab
(16.0%), and ixekizumab (13.3%). Baseline demographics
and clinical features are summarized in Table 1.

The mean baseline PASI score was 13.7+7.7
(Table 2). At week 4, the mean PASI score decreased
to 3.6+£3.3 and to 2.2+3.0 at weeks 12-16. PASI9O0
and PASI100 response rates increased progressively
from 37.3% and 12.0% at weeks 12-16 to 71.6%
and 44.6% at week 28, reaching 77.5% and 56.3%
at week 52, respectively. Detailed response rates at
all time points are presented in Table 2. Exploratory
subgroup analyses are summarized in Supplementary
Tables ST and S2. Overweight patients demonstrated
significantly higher PASI90 response rates at weeks
28 and 52 than those of obese patients, whereas no
statistically significant differences were observed in
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Table 1. Baseline demographic and clinical characteristics of patients

Total group (n = 75)
Gender, n (%): male/female 46 (61.3)/29 (38.7)
Age, years, mean + SD 52.3+14.2
Age at disease onset, years, mean + SD 32.1£15.3
Psoriasis in first-degree relatives, n (%) 25 (33.3)
Body mass index, mean + SD 29.9+4.0
Biologic-experienced patients, n (%) 32 (42.7)
Baseline PASI, mean + SD 13.7+7.7
Total treatment duration, months, mean + SD 34.6x11.6
Psoriatic arthritis, n (%) 38 (50.7)
Involvement of special areas n (%)
Scalp 70 (93.3)
Nail 66 (88.0)
Inverse 10 (13.3)
Palmoplantar 7 (9.3)
Comorbidities n (%)
Hypertension 27 (36.0)
Hepatosteatosis 25 (33.3)
Dyslipidemia 24 (32.0)
Diabetes mellitus 19 (25.3)
Coronary artery disease 17 (22.7)
Thyroid disease 6 (8.0)
Psychiatric comorbidities 5(6.7)
Cerebrovascular disease 1(1.3)
Inflammatory bowel disease 1(1.3)
Previous cutaneous malignancy 1(1.3)
Previous non-cutaneous malignancy 0 (0.0)
Latent tuberculosis infection n (%) 30 (40.0)
Hepatitis B status n (%)
Isolated anti-HBc IgG positivity 3(4.0)
Resolved hepatitis B infection 13 (17.3)
Non-immune (susceptible) 45 (60.0)
Vaccinated 14 (18.7)
Previous systemic treatments n (%)
Narrowband UVB 1(41.3)
Methotrexate 58 (77.3)
Acitretin 33 (44.0)
Cyclosporine 15 (20.0)
Etanercept 5(6.7)
Adalimumab 7 (9.3)
Infliximab 2(2.7)
Certolizumab 3(4.0)
Ustekinumab 15 (20.0)
Secukinumab 12 (16.0)
Ixekizumab 10 (13.3)
Guselkumab 2(2.7)
Risankizumab 3 (4.0)

BMI: Body mass index, NB-UVB: Narrowband ultraviolet B, PASI: Psoriasis Area and Severity Index, SD: Standard deviation, y: Years, IgG: Immunoglobulin G
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Table 2. Treatment outcomes during IL-23 inhibitor therapy

IL-23 inhibitor treatment n (%)
Guselkumab 38 (50.7)
Risankizumab 37 (49.3)
Total treatment duration, months, mean + SD 34.6£11.6

Time point n Absolute PASI (mean + SD) PASI75 n (%) PASI90 n (%) PASI100 n (%)
Baseline 75 13.74£7.7 -

Week 4 75 3.6£3.3 46 (61.3) 5(6.7) 2(2.7)

Week 12-16 75 2.2£3.0 71 (94.7) 28 (37.3) 9(12.0)

Week 28 74 1.1£1.5 73 (98.6) 53 (71.6) 33 (44.6)
Week 52 71 0.8+1.1 68 (95.8) 55 (77.5) 40 (56.3)

PASI75/90/100 indicate 275%, =90%, and 100% improvement from baseline PASI score

PASI: Psoriasis Area and Severity Index, SD: Standard deviation

PASI75 or PASI1T00 responses between overweight
and obese patients (Supplementary Table S1). Similarly,
risankizumab-treated patients achieved higher PASI
response rates at several early and intermediate time
points, whereas no statistically significant differences
were observed at week 52 (Supplementary Table S2).
Univariable logistic regression analyses are presented
in Supplementary Table S3. Lower BMI and biologic-
naive status were significantly associated with achieving
PASI90 at week 52, whereas age, sex, psoriatic arthritis,
and comorbidities were not. In multivariable logistic
regression analysis (Table 3), increasing BMI (adjusted
OR 0.773, 95% Cl 0.640-0.933; p=0.007) and previous
biologic exposure (adjusted OR 0.149, 95% Cl 0.037-
0.606; p=0.008) were independently associated with
lower odds of achieving PASI90 at week 52 after
adjustment for diabetes mellitus and hepatic steatosis.
The model demonstrated acceptable discrimination
(ROC-AUC=0.789) and good calibration, as assessed by
the Hosmer-Lemeshow goodness-of-fit test (x°=6.303,
df=8, p=0.613).

Hepatitis B infection was present in 21.3% (n=16) of
patients (Table 1). All three patients with isolated anti-HBc
IgG positivity received antiviral prophylaxis. Among the 13
patients with resolved hepatitis B infection, 10 received
prophylaxis. No evidence of HBV reactivation was detected
in any patient over the course of follow-up.

Latent tuberculosis infection was detected in 40.0%
(n=30) of patients. All patients started prophylaxis; it was
successfully completed in all but one, who discontinued
treatment due to adverse effects. No cases of LTBI
reactivation were observed.

The most commonly observed adverse events were
infections, including upper respiratory tract infections
(6.7%) and dermatophyte or Candida infections (2.7%)
(Table 4). One case was newly diagnosed with basal cell
carcinoma during follow-up.

Treatment was discontinued in 4 patients (5.3%) during
the 52-week follow-up period (Table 4), primarily due to
secondary non-response (2.7%), followed by primary non-
response (1.3%) and adverse events (1.3%). The overall
52-week drug survival rate was 94.7% (Figure 2). Kaplan-
Meier analysis showed no significant difference in drug
survival between overweight and obese patients (log-rank
p=0.143) or between patients treated with guselkumab
and those treated with risankizumab (log-rank p=0.319).

Discussion

In this real-world study, IL-23 inhibitors demonstrated
high and sustained efficacy in psoriasis patients with higher
BMI. At weeks 12-16, PASI90 and PASI100 responses were
attained in 37.3% and 12.0% of patients, respectively;
these increased to 77.5% and 56.3% at week 52. In
phase 3 clinical trials, both guselkumab and risankizumab
have demonstrated high efficacy, with substantial PASI90
and PASIT00 response rates as early as week 16 (13,14).
Although response rates at earlier time points in the
present study were lower than those reported in clinical
trials, treatment outcomes at week 52 (PASI90: 77.5%;
PASI100: 56.3%) were comparable to the efficacy rates

Table 3. Multivariable logistic regression analysis of
predictors of achieving PASI90 at week 52

Variable Adjusted OR (95% ClI) | p

BMI (continuous, kg/m?) 0.773 (0.640-0.933) 0.007
Previous biologic exposure 0.149 (0.037-0.606) 0.008
Diabetes mellitus 1.516 (0.308-7.471) 0.609
Hepatosteatosis 0.610 (0.151-2.464) 0.487

Variables entered into the model: BMI (continuous, kg/m?), previous biologic
exposure, diabetes mellitus, and hepatic steatosis. The model demonstrated
acceptable discrimination (area under the receiver operating characteristic
curve [AUC]=0.789) and good calibration according to the Hosmer-Lemeshow
goodness-of-fit test (x?=6.303, df=8, p=0.613).

BMI: Body mass index, Cl: Confidence interval, OR: Odds ratio, PASI: Psoriasis
Area and Severity Index
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Table 4. Adverse events and reasons for treatment
discontinuation

Adverse events n (%)

Upper respiratory tract infection 5(6.7)
Urinary tract infection 1(1.3)
Dermatophyte or Candida infection 2(2.7)
Non-melanoma skin cancer 1(1.3)
Hepatitis B reactivation n (%) 0(0.0)
Tuberculosis reactivation n (%) 0 (0.0)
Reasons for treatment discontinuation n (%)

Primary cutaneous non-response 1(1.3)
Secondary cutaneous non-response 1(1.3)
Secondary joint non-response 1(1.3)
Non-melanoma skin cancer (basal cell carcinoma) 1(1.3)

Drug Survival
11L-23 inhibitor
10 IL-23 inhibitor-censored

08

06

04

Cumulative Survival

00
00 1000 2000 30,00 4000 5000 60,00

Follow-up (Weeks)

Figure 2. Kaplan-Meier curve showing the 52-week drug survival
of the study cohort
IL: Interleukin

observed in clinical studies of both agents (13,14). It
should be noted, however, that the mean baseline PASI
score in our cohort (13.7) was considerably lower than
those reported in the phase 3 trials of risankizumab (20.6)
and guselkumab (21.9) (13,14). This likely reflects routine
clinical practice in which biologic therapy may be initiated
for patients with lower PASI scores owing to involvement
of special areas, psoriatic arthritis, impaired quality of life,
or previous treatment failure. In line with this, scalp and nail
involvement were highly prevalent in our cohort, affecting
93.3% and 88.0% of patients, respectively. In addition,
the lower baseline PASI may have partly contributed to the
high PASI100 rates observed at week 52.

Pooled analyses of phase 3 studies of IL-23 inhibitors
have shown that treatment responses are generally
consistent across BMI categories, although slightly
reduced responses have been reported in obese patients
compared to individuals with lower BMI (13,15). These
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findings indicate that IL-23 inhibitors remain highly
effective despite the potential adverse effects of obesity
on treatment outcomes.

Existing real-world evidence regarding the influence
of BMI on the effectiveness of IL-23 antagonists has
yielded conflicting results. In a study assessing predictors
of achieving super-responder status (complete clearance
at week 20) with guselkumab, obesity was identified as
a negative predictor, along with prior biologic experience
and higher baseline PASI scores (16). Similarly, a real-world
registry study demonstrated that although patients across
all BMI categories experienced substantial improvements
with guselkumab, obese patients were less likely to achieve
relative endpoints such as PASI90 or complete clearance
compared to those with lower BMI (17). Another study
demonstrated reduced complete clearance rates at
week 16 in obese patients compared to individuals with
lower BMI; however, this difference attenuated over
time, suggesting that obesity may be associated with a
delayed response to risankizumab (18). Similarly, heavier
patients have been shown to be less likely to achieve a
PASI75 response at early time points, suggesting a delayed
response to guselkumab.

In contrast, other real-world studies evaluating IL-
23 inhibitors, including guselkumab, risankizumab, and
tildrakizumab, have shown that overweight and obese
patients can achieve comparable overall treatment
responses, with mean PASI scores decreasing to low levels
over time, suggesting that increased body weight may not
significantly impair long-term efficacy (19-21).

Taken together, studies suggest that although obesity
may be associated with a slower or less pronounced early
response and a lower likelihood of achieving higher levels
of skin clearance, IL-23 inhibitors appear to maintain robust
and sustained efficacy in overweight and obese patients.
Consistent with these observations, overweight patients in
our cohort achieved significantly higher PASI90 response
rates at weeks 28 and 52 than obese patients, whereas
PASI75, PASI100, and drug survival were comparable
between the two BMI groups. Furthermore, lower BMI
remained independently associated with achieving
PASI9O0 at week 52 after adjustment for previous biologic
exposure, diabetes mellitus, and hepatosteatosis. This
finding suggests that increasing BMI may independently
reduce the likelihood of achieving PASI90, even after
accounting for potential metabolic confounders such
as diabetes mellitus and hepatosteatosis. Similarly,
risankizumab-treated patients achieved higher PASI
response rates at several early and intermediate time
points than did guselkumab-treated patients, whereas
no significant differences were observed between the
groups at week 52 or in drug survival. These findings
may suggest differences in the timing of clinical response
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rather than long-term effectiveness; however, as this
was an exploratory comparison without adjustment for
potential baseline differences between treatment groups,
no definitive conclusions can be drawn. Larger multicenter
comparative studies are warranted to determine whether
clinically meaningful differences exist between individual
IL-23 inhibitors in overweight and obese patients.

In addition, IL-23 inhibitors demonstrated a favorable
safety profile, consistent with previous reports (22-24).
Infections were the most commonly observed adverse
events. No adverse events led to treatment termination;
the only exception was one case of newly diagnosed basal
cell carcinoma. A considerable proportion of patients
had concomitant hepatitis B infection (n=16, 21.3%).
Prophylaxis rates were high, with 13 of 16 patients
receiving antiviral therapy. None of the cases developed
reactivation of the HBV during follow-up, supporting the
safety of IL-23 inhibitors. These results align with earlier
research indicating that the risk of HBV reactivation
remains minimal during treatment with IL-23 inhibitors
(25-27). Similarly, LTBI was common (n=30, 40.0%).
Prophylaxis was initiated in all patients and completed
in all but one due to adverse effects. None of the cases
showed reactivation. In accordance with available clinical
research and observational real-world data, these results
highlight the favorable safety profile of IL-23 inhibitors
regarding their low potential for reactivation (28-32).

Study Limitations

This was a single-center study with a relatively small
sample size and a retrospective design, which constituted
the main limitations. In addition, the absence of a normal-
weight comparator group precludes direct comparisons
across BMI categories and limits conclusions regarding
the independent effect of BMI on treatment outcomes.
However, the study provides valuable real-world clinical
data on the effectiveness, safety, and drug survival of IL-
23 inhibitors in an overweight and obese population with
psoriasis, a group known to have a reduced response
to treatment. Larger, multicenter comparative studies
including patients from all BMI categories are warranted.
Additionally, the smallnumber of treatmentdiscontinuations
during follow-up limited the statistical power of the drug
survival analyses and subgroup comparisons; therefore,
these findings should be interpreted with caution. Despite
these limitations, the present study provides valuable real-
world evidence supporting the sustained effectiveness,
favorable safety profile, and high drug survival of IL-23
inhibitors in overweight and obese patients with psoriasis.
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Conclusion

IL-23 inhibitors demonstrated sustained clinical
effectiveness, high 52-week drug survival, and a favorable
safety profile in this real-world cohort of overweight and
obese patients with psoriasis. Although increasing BMI
was independently associated with a lower likelihood
of achieving PASI90 at week 52, drug survival remained
comparable across BMI groups. These findings support
IL-23 inhibitors as an effective, well-tolerated treatment
option for overweight and obese patients with psoriasis in
routine clinical practice.
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Serum PADI4 is Elevated in Neuro-Behcet's Disease but
is not Associated with Clinical or Cognitive Outcomes
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Abstract

Aim: Peptidylarginine deiminase type 4 (PADI4), a key enzyme involved in neutrophil extracellular trap (NET) formation, has been
implicated in the pathogenesis of autoinflammatory diseases, including Behget's disease (BD). We aimed to evaluate serum PADI4 levels
in neuro-BD (NBD) and to investigate their association with disease activity and clinical parameters.

Methods: This study was designed as an analytical cross-sectional study between 2021 and 2023. A total of 25 patients with NBD, 45
with multiple sclerosis, 10 with neuromyelitis optica (NMO), and 19 healthy controls were enrolled. Serum PADI4 concentrations were
measured using ELISA. Comprehensive neuropsychological assessments were conducted in the NBD group. Correlation analyses were
performed to evaluate associations with cognitive and clinical parameters.

Results: Serum PADI4 levels were significantly elevated in NBD patients compared to healthy controls but were comparable among
patient groups. None of the cognitive and motor performance scores were correlated with PADI4 levels. NBD patients with a positive
pathergy test showed significantly higher PADI4 levels.

Conclusion: Neutrophil extracellular traposis may represent a shared inflammatory pathway across immune-mediated brain disorders.
However, the lack of association between serum PADI4 levels and clinical or cognitive parameters in NBD suggests limited diagnostic
and prognostic utility as a biomarker.

Keywords: Peptidylarginine deiminase type 4, neutrophil extracellular trap, autoinflammatory disease, biomarker, Behget's disease

Introduction

Neuro-Behcet's disease (NBD), an uncommon
manifestation of Behcet's disease (BD), is an inflammatory
disorder characterized by recurrent and unpredictable
relapsing-remitting episodes of neurological involvement
occurring in approximately 5-10% of individuals diagnosed
with BD (1). According to magnetic resonance imaging
(MRI) findings, NBD can be classified as parenchymal
or non-parenchymal and may lead to neurocognitive
impairments, particularly in attention, delayed recall,
working memory, and executive functioning (2,3). BD
is considered to have predominantly autoinflammatory
features, involving dysregulated neutrophil activity (4).

Neutrophils contribute to inflammation by generating
neutrophil extracellular traps (NETs), which are released
through a mechanism called NETosis and accumulate in
serum and inflamed tissues, thereby promoting endothelial
damage and a procoagulant state (5). The pathergy test, a
diagnostic tool for BD, is characterized by non-specific skin
hypersensitivity and intensive neutrophil infiltration, which
clinically mirrors this hyperinflammatory profile (6).
Peptidylarginine deiminase type 4 (PADI4), a calcium
ion-dependent enzyme, catalyzes protein citrullination
by converting arginine to citrulline, thereby altering
protein structure and function (7). It plays a critical role in
inflammatory processes by mediating histone citrullination
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during NET formation and has been associated with many
autoimmune conditions due to its effects on immune
cell dysregulation (8). In multiple sclerosis (MS), PADI4
significantly facilitates the citrullination of myelin basic
protein, leading to immune-mediated tissue damage. The
direct association of PADI4 with BD remains unconfirmed;
however, its role in critical neuro-inflammatory and
autoimmune pathways emphasizes its potential relevance
in the disease’s pathophysiology (9). Therefore, we
hypothesized that PADI4-mediated citrullination and
NETosis lead to neuroinflammatory damage in NBD, and
that PADI4 levels might correlate with disease activity.

This study aimed to investigate the role of PADI4 in
NBD, with a particular focus on its involvement in immune-
inflammatory processes and its potential association with
disease activity. Serum PADI4 levels were compared among
patients with NBD, other inflammatory brain disorders,
and healthy controls, and their relationships with clinical
and cognitive parameters were evaluated.

Materials and Methods

Compliance with Ethical Standards

Ethical approval was taken from the Istanbul University
Faculty of Medicine Clinical Research Ethics Committee
(approval no: 09, date: 16.04.2021). The study protocol
was approved by the Institutional Review Board. The study
was conducted in accordance with the ethical principles of
the Declaration of Helsinki. All subjects provided written
informed consent prior to any study-related procedure.

=

Serum Collection

A

i -

Study Design

This study was designed as an analytical cross-sectional
study between 2021 and 2023. A total of 25 patients
diagnosed with NBD according to the International
Criteria for BD were enrolled in the study [median: 7.30
(interquartile ranges (IQR): 2.13); 14 men]. Additionally,
45 age- and gender-matched patients with [relapsing-
remitting MS (RRMS), median: 6.48 (IQR: 2.92), 21 men],
diagnosed according to the revised McDonald criteria, 10
patients with [neuromyelitis optica (NMO), median: 6.35
(IQR: 2.02), 5 men], and 19 healthy controls [healthy
control, median: 3.58 (IQR: 1.97), 10 men] were included
as control groups. Due to the exploratory nature of the
study, a formal sample size calculation was not performed;
however, all eligible patients during the study period were
included (Figure 1).

Serum samples were obtained from all NBD patients
and controls during remission and stored at -80 °C until use.
Neuropsychological tests were administered during serum
sampling. Magnetic resonance imaging and magnetic
resonance venography confirmed typical parenchymal NBD
findings—such as unilateral or bilateral hyperintense lesions
extending from the brainstem to the diencephalon and
basal ganglia—and showed no cerebral venous thrombosis
indicative of non-parenchymal involvement.

ELISA

Human PADI4 levels were measured in serum samples
using an ELISA kit (Bioassay Technology Laboratory, China)
according to the manufacturer’s instructions. Optical

EL(SA Biomarker

Quantification [

T

Microplate Reading
& Data Extraction

Neurospphoglogical
Testing
Patient Cohort
Recruitment
Statistical Anal
RRMS= 45 NMO= 10 e
NBD=25 HC=19

Figure 1. Flowchart of the study

© Nuray Sancar

RRMS: Relapsing-remitting multiple sclerosis, NMO: Neuromyelitis optica, NBD: Neuro-Behget’s disease, HC: Healthy controls, ELISA: Enzyme-linked

immunosorbent assay
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densities were measured at 450 nm, and concentrations
were calculated based on standard curves provided in the

kit. The results were expressed as ng/mL.
Neuropsychological Evaluation

General Cognitive Performance: The Mini-Mental
State Examination and the Addenbrooke’s Cognitive
Examination-Revised (ACE-R) were administered to
evaluate overall cognitive capacity.

Attention and Orientation: The ACE-R Attention and
Orientation subtest and the Wechsler Memory Scale-Revised
(WMS-R) Digit Span (forward and backward) were used to
assess attention and working memory performance.

Memory The ACE-R Memory subtest, WMS-R
Visual Memory (immediate recall, long-term recall, and
recognition), and the California Verbal Learning Test-Il were
used to evaluate verbal and visual memory performance.

Language skills were assessed using the ACE-R
Language subtest and the Boston Naming Test
(spontaneous, semantic cue, phonemic cue, paraphasia,
and functional knowledge).

The Clock Drawing Test, Stroop Test (interference
times, errors, and spontaneous corrections), Trail Making
Test (TMT) A and B (completion time and errors), Wisconsin
Card Sorting Test, the Symbol Digit Modalities Test, and
the Luria Perseveration Test were administered to assess
executive functions.

The TMT A and B, the 9-Hole Peg Test (placement and
removal times for dominant and non-dominant hands),
and the Timed 25-Foot Walk Test were administered to
evaluate psychomotor speed and mental flexibility.

Verbal and categorical fluency were assessed using
the ACE-R Fluency subtest, the (Controlled Oral Word
Association Test; animal category, perseverations, and
out-of-category words), the (Category Fluency Score; total
score, perseverations, out-of-category words, and proper
names), and the KAS Total Score.

Visuospatial abilities were examined using the ACE-R
Visuospatial subtest, the Benton Facial Recognition Test,
the Benton Line Orientation Test, and the Figure Copying
Test.

Statistical Analysis

Statistical analyses were performed using GraphPad
Prism software. Data distribution was assessed using the
Kolmogorov-Smirnov test and found to be non-normal,
therefore, results are presented as median (interquartile
range). Comparisons of serum PADI4 levels among NBD,
RRMS, NMO, and healthy control groups were conducted
using the Kruskal-Wallis test, followed by Dunn-
Bonferroni post-hoc analysis. Pairwise comparisons were
performed using the Mann-Whitney U test. Correlations
between PADI4 levels and demographic, clinical, and
neuropsychological parameters were evaluated using
Spearman’s rank correlation coefficient. A two-tailed
p-value <0.05 was considered statistically significant,
and Bonferroni correction was applied for multiple
comparisons.

Results

Demographic and Clinical Characteristics of the
NBD Group

The NBD group consisted of 25 patients (14 men and
11 women). The median duration of BD was 13 (IQR: 15),
while the median duration of neurological involvement
was 13 (IQR: 15). Pathergy testing was positive in 6
patients and negative in 13. Brain MRI findings revealed
brainstem lesions in 15 patients, diencephalic involvement
in 9 patients, and spinal cord lesions in 1 patient. The
Expanded Disability Status Scale (EDSS) score had a
median of 2 (IQR: 1.75). Detailed clinical and radiological
characteristics of the NBD patients are presented in Table
1.

Table 1. Clinical, demographic features of NBD patients and controls

Feature RRMS NMO NBD HC
Age (years) Median: 52.0 Median: 49.5 Med.ian: 52.0 Median: 51.50
(1QR: 9.5) (IQR: 11.0) (IQR: 4.0) (IQR: 9.75)

Gender (men/women) 21/24 5/5 14/11 10/9

BD duration (years) NA NA Median: 22 (IQR:10) NA

NBD duration (years) NA NA Median: 13 (IQR:15) NA
Pathergy test (positive/negative)* NA NA 6/13 NA

MRI lesions (brainstem) ND ND 15 patients NA

MRI lesions (diencephalon) ND ND 9 patients NA

MRI lesions (spinal cord) ND ND 1 patient NA

EDSS ND ND Median: 2 (IQR:1.75) NA

*Note that the pathergy test was available for 19 patients. Continuous variables are presented as median (interquartile range).
RRMS: Relapsing remitting multiple sclerosis, NMO: Neuromyelitis optica, HC: Healthy control, ND: Not determined, NA: Not applicable, IQR: Interquartile range

356




Kucukali et al. PADI4 in Neuro-Behcet's Disease

Comparison of Serum PADI4 Levels Among NBD,
RRMS, NMO, and Healthy Controls

The Kruskal-Wallis test yielded a significant p-value
for multiple group comparisons of all groups (p<0.0001).
Dunn’s post-hoc test for multiple comparisons showed that
NBD patients had significantly higher PADI4 levels than
healthy controls (p<0.0001). Furthermore, both RRMS
(p<0.0001) and NMO (p<0.0001) groups had significantly
elevated levels of PADI4 compared with healthy controls.
There were no differences among NBD, RRMS, and NMO
groups in serum PADI4 levels. The graphical representation
of these comparisons was provided in Figure 2.

Correlation Between PADI4 Levels and Clinical/
Cognitive Features in NBD

No significant correlations were found between PADI4
levels and age, disease duration, and EDSS score (p>0.05
for all).

To explore the potential association between serum
PADI4 levels and cognitive performance in patients with
NBD, a series of neuropsychological and motor performance
tests was administered. These tests assessed a wide
range of cognitive domains, including general cognitive
status, memory, language, executive function, attention,
visuospatial skills, and psychomotor speed. Median scores,
IQR, and correlation p-values between PADI4 levels and
individual test results were presented in Table 2.

Overall, correlation analyses revealed no statistically
significant associations between PADI4 levels and
neuropsychological test scores. However, weak but
statistically significant correlations were observed between
PADI4 levels and the Boston Naming Test-Semantic
Cue condition (p=0.023) and the 9-Hole Peg Test (Non-

PADI4

ok %k %k ¥

% % %k k |
15+

10+

ng/ml

Figure 2. Comparison of serum PADI4 levels across study groups.
Horizontal lines indicate median values. The Kruskal-Wallis test
yielded a significant p-value for the comparison among all groups
(p<0.0001). Asterisks denote significant p-values by Dunn’s post-
hoc test, ****p<0.0001

RRMS: Relapsing-remitting multiple sclerosis, NMO: Neuromyelitis
optica, NBD: Neuro-Behget’s disease, PADI4: Peptidylarginine deiminase
type 4
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Dominant Hand-Removal Time) (p=0.046). However,
these p-values did not remain significant after Bonferroni
correction, which required p-values less than 0.00001.

Evaluation of Pathergy Test Results and

Association with PADI4 Levels in NBD

To assess the relationship between inflammatory
response markers and immune hyperreactivity, PADI4
levels were compared between pathergy-positive and
pathergy-negative NBD patients. Using the Mann-Whitney
U test, a statistically significant difference in serum PADI4
levels was found between the two groups (p=0.046, two-
tailed, exact p-value). Patients who were pathergy-positive
exhibited higher median PADI4 levels (median =8.434 ng/
mL, n=6) compared to those who were pathergy-negative
(median =6.91 ng/mL, n=13). The graphical representation
of this comparison is shown in Figure 3.

Discussion

To our knowledge, this study provides additional
evidence that serum PADI4 levels are elevated in patients
with NBD compared to healthy controls. Furthermore,
higher PADI4 levels were observed in patients with positive
pathergy tests. Thus, our study provides new evidence
supporting the role of PADI4 in the immunopathology of
NBD. On the other hand, our study and previous studies
have also shown that PADI4 elevation is not specific to
NBD or BD and may also be observed in other immune-
mediated disorders such as systemic lupus erythematosus,
rheumatoid arthritis, MS and NMO (5,9-11). These findings

PADI4
15+

10

ng/ml

Figure 3. Comparison of serum PADI4 levels between pathergy-
positive and pathergy-negative NBD patients.

The horizontal line indicates median values. The p-value
(p=0.046) was obtained by the Mann-Whitney U test

PADI4: Peptidylarginine deiminase type 4, NBD: Neuro-Behcet's disease
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Table 2. Neuropsychological test scores of NBD patients: median, interquartile range (IQR), p and r values of correlation tests

with PADI4 levels

Test name Median IQR p-value r-value
MMSE/max 30 25.0 7.0 0.517 0.142
ACE-R total/max 100 69.0 19.0 0.442 0.168
ACE-R attention and orientation/max 18 16.0 6.0 0.478 0.155
ACE-R memory/max 26 12.0 7.0 0.662 0.096
ACE-R fluency/max 14 10.0 4.0 0.446 0.167
ACE-R language/max 26 20.0 9.0 0.314 0.207
ACE-R visuospatial/max 16 3.0 3.0 0.297 0.226
WMS-R digit span (forward) 5.0 0.5 0.473 0.186
WMS-R digit span (backward) 4.0 1.0 0.966 0.010
WMS-R visual memory (immediate) 7.0 6.0 0.381 0.226
WMS-R visual memory (long-term recall) 5.0 4.5 0.950 0.016
WMS-R visual memory (long-term recognition) 2.0 1.5 0.468 0.188
Verbal fluency (fruit-name) 6.5 5.0 0.375 0.229
COWAT animal score 16.0 7.5 0.268 0.284
COWAT animal perseveration 0.6 1.0 0.665 -0.113
KAS total score 19.0 23.0 0.740 -0.086
KAS perseveration 1.0 1.5 0.456 -0.193
KAS out of category 0.1 0.3 0.556 -0.153
KAS proper hame 0.8 1.0 0.735 0.088
Stroop interference time 66.5 41.5 0.853 -0.054
Stroop spontaneous correction 2.5 3.25 0.559 -0.170
Stroop error 3.50 9.25 0.451 0.219
Trail making test A - time 82.0 42.75 0.969 0.010
Trail making test A - errors 0.2 0.4 0.542 -0.164
Trail making test B - time 255 132.5 0.716 0.111
Trail making test B - errors 2.0 2.0 0.160 0.413
Clock drawing test 5.0 2.0 0.143 0.370
Luria perseveration (present:1 absent: 0) 0.4 1.0 0.756 -0.081
Symbol digit modalities test (SDMT) total items 21.0 14.5 0.202 0.336
Symbol digit modalities test total correct 20.5 16.5 0.261 0.298
Figure copying test 3.0 2.0 0.444 0.198
CVLT Il total correct 33.0 16.5 0.980 -0.006
CVLT Il B list 4.0 2.5 0.552 -0.155
CVLT Il short-term cued recall 6.0 5.0 0.450 -0.196
CVLT Il long-term cued recall 7.0 4.5 0.951 0.016
CVLT Il short-term uncued recall 4.0 5.5 0.711 0.096
CVLT Il long-term uncued recall 7.0 5.0 0.358 -0.237
CVLT Il total 9.0 12.0 0.453 -0.195
CVLT Il recognition 13.0 6.5 0.422 0.208
CVLT Il recognition (YP) 4.0 5.5 0.346 -0.243
Boston naming test - spontaneous 23.0 8.0 0.323 0.255
Boston naming test - no naming 1.0 7.5 0.322 -0.255
Boston naming test - semantic cue 2.0 2.0 0.023 -0.544
Boston naming test - phonemic cue 2.0 3.0 0.596 0.138
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Table 2. Continued

Test name Median IQR p-value r-value
Boston naming test - function 0.5 0.9 0.105 0.406
Boston naming test - paraphasia 0.0 0.5 0.215 0.316
Benton facial recognition test 43.0 9.0 0.437 0.201
Benton line orientation test 17.5 6.5 0.458 0.199
Wisconsin card sorting test (WCST) total responses 125.5 34 0.981 0.006
Wisconsin card sorting test total errors 40.0 35.25 0.850 -0.051
Wisconsin card sorting test total correct 74.5 27.0 0.832 0.057
Wisconsin card sorting test categories completed 5.0 4.0 0.103 0.422
Wisconsin card sorting test perseverative responses 22.5 25.5 0.930 -0.023
Wisconsin card sorting test perseverative errors 20.0 21.75 0.956 -0.014
Wisconsin card sorting test non-perseverative errors 14.0 14.0 0.665 -0.121
Wisconsin card sorting test perseverative error percentage 17.09 16.75 0.903 0.033
Wisconsin card sorting test first category completion trials 13.0 9.0 0.786 0.076
Wisconsin card sorting test conceptual level responses 68.0 34.75 0.748 0.087
Wisconsin card sorting test conceptual level response percentage 53.45 31.68 0.557 0.158
Failure to maintain set score 1.0 2.0 0.059 -0.481
9-hole peg test placement (dominant hand) 16.0 6.25 0.071 -0.448
9-hole peg test placement (non-dominant hand) 15.5 7.58 0.106 -0.404
9-hole peg test removal (dominant hand) 9.0 4.56 0.066 -0.454
9-hole peg test removal (non-dominant hand) 8.5 4.75 0.046 -0.488
25-foot walk test 16.0 11.75 0.967 -0.010

Spearman correlation test was used for determination of p-values

MMSE: Mini-mental state examination, ACE-R : Addenbrooke’s Cognitive Examination-Revised, WMS-R: Wechsler Memory Scale-Revised, COWAT: Controlled Oral Word
Association Test, CVLT: California Verbal Learning Test, NBD: Neuro-Behget's disease, PADI4: Peptidylarginine deiminase type 4

suggest that PADI4 serves as a general marker of immune
activation and inflammation rather than a disease-specific
indicator, which limits its utility for differential diagnosis.

Furthermore, the lack of association with clinical and
cognitive measures diminishes the potential of PADI4
as a prognostic biomarker. This is particularly relevant
considering that NBD presents with a relapsing-remitting
course and variable neurological manifestations, often
resolving spontaneously (3). Because all patients in
our study were evaluated during remission, it remains
unclear whether PADI4 expression fluctuates with
disease activity and correlates with measures of disability
during the attack period. Future studies should compare
patients during both the attack and remission phases
to better understand whether PADI4 could serve as a
useful biomarker for disease activity and progression in
NBD.

Intriguing questions raised by our study are why
PADI4 levels are elevated in inflammatory disorders of
the brain and how elevated PADI4 levels might affect
disease mechanisms. It is plausible that PADI4 and NETosis
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are involved in divergent disease mechanisms across
autoimmune and inflammatory disorders. For instance,
in MS, PADI4 has been implicated in the citrullination of
myelin basic protein, potentially contributing to increased
immunogenicity of myelin proteins and triggering immune
responses against the myelin tissue (12). In a few studies
focused on the association between NETosis and BD,
PADI4 and NETosis have been implicated to contribute
to disease occurrence by increasing neutrophil activity
and thereby neutrophil-mediated tissue damage and by
inducing a propensity to thrombosis through endothelial
damage, platelet activation, increased coagulation,
and thrombin generation (13-15). As a matter of fact,
neutrophils from BD patients are more prone to NETosis
even in the absence of stimuli (13). Likewise, the intimate
association between neutrophil activity and clinical severity
in patients with NMO and NMO spectrum disorders might
explain increased PADI4 levels in these disorders. Indeed,
PADI4 levels are not only increased in NMO patients but
also sharply decline following immunotherapy in parallel
to clinical amelioration, further corroborating the link
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between NETosis and inflammation in autoimmune brain
disorders (16).

Peptidylarginine deiminase type 4's function in NET
formation and neutrophil activity may help explain its
elevation not only in NBD (5,6,8) but also in patients with
a positive pathergy test, which indicates a link between
PADI4 and exaggerated innate immune responses. This
finding supports the idea that PADI4 may contribute to
the increased tissue innate immune system reactivity
manifesting itself as a positive pathergy test, a hallmark
feature of BD (6).

Cognitive impairment involving attention, memory, and
executive function has been frequently reported in both
BD and NBD (3). Another intriguing question was whether
NETosis-mediated mechanisms could be involved in the
derangement of cognitive and motor functions in NBD.
As an example, in MS, PADI4-mediated tissue alterations
have been suggested to contribute to neuroinflammatory
processes that can impair motor function in due course
(12). This underscores the need for studies exploring
whether NETosis-related pathways contribute to specific
cognitive or motor outcomes across immune-mediated
diseases. Contrary to this notion, our study failed to show
a genuine association between PADI4 levels and cognitive
and somatic dysfunction observed in NBD patients.
Nevertheless, additional markers of NETosis or neutrophil
activity, particularly when assessed in peripheral blood
or cerebrospinal fluid, might show an association with
neuropsychological features of NBD and thus warrant
exploration in future studies.

Study Limitations

This study has several limitations, including a relatively
small sample size and a cross-sectional design, which
constrain the ability to infer causal relationships or monitor
temporal changes in PADI4 levels. By focusing solely on
patients in remission, the study may have overlooked
potential fluctuations associated with active disease phases.
The lack of disease specificity of PADI4, as it is also elevated
in other autoimmune disorders, limits its diagnostic utility.
Additionally, the trend-level correlations with cognitive
measures and the limited neuropsychological assessment
may have failed to detect more nuanced effects. Despite
these limitations, our study has shown for the first time
the potential significance of PADI4, a well-known marker
of NETosis, in NBD and thus has provided a rationale for
future larger longitudinal studies that might further clarify
our findings.

Conclusion

This study highlights PADI4 as a potential contributor
to immune dysregulation in NBD, reinforcing the putative
role of NETosis in NBD and other inflammatory brain
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disorders. However, its lack of disease specificity and
limited correlation with clinical features argue against
the value of serum PADI4 as a prognostic and diagnostic
marker in NBD. Nevertheless, assessment of PADI4 in
peripheral blood and central nervous system tissues in
future studies might be more useful for uncovering PADI4-
and NETosis-related mechanisms in NBD.
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